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A systematic review and meta-analysis of the literature was performed to assess the relationship
between chocolate intake and cardio-cerebrovascular risk in the general population. A structured
search of the literature was performed in the PubMed database up to September 26, 2016, using
predetermined keywords. Epidemiologic studies evaluating the risk for cardiovascular diseases

Key"‘fords-' ) (CVDs; i.e., stroke, acute myocardial infarction [MI], heart failure, coronary heart disease) were
EELCL‘OOI‘SZCUIE“ risk included according to different rates of chocolate intake. The software ProMeta 3 was used to
Cocoa perform the meta-analysis. The systematic review identified 16 eligible studies. The majority of the
Heart failure studies showed a protective effect of chocolate intake compared with unexposed individuals. The
Stroke overall risk ratio (effect size [ES]) of CVD for the highest versus the lowest category of chocolate

consumption was 0.77 (95% confidence interval [CI], 0.71-0.84; P = 0.000) with a moderate het-
erogeneity. The risk related to subgroups of CVD and in particular, the risk for MI was further
analyzed: ES = 0.78 (95% CI, 0.64-0.94; P = 0.009) without statistical heterogeneity (> = 46.56%;
P = 0.13). Moreover, the analysis performed based on sex found an ES = 0.85 (95% CI, 0.77-0.95;
P = 0.003) for women, with a very low grade of heterogeneity (> = 62.21%; P = 0.005). The results
of the meta-analysis showed a potential protective effect of moderate consumption of chocolate on
cardiovascular risk, especially for women, and against MI for both sexes.

© 2017 Elsevier Inc. All rights reserved.

Acute myocardial infarction
Coronary heart disease

Introduction

According to the latest epidemiologic update, cardiovascular
disease (CVD) is the most common cause of death in Europe (45%
of all deaths) [1]. CVD is a heterogeneous and complex group of
diseases, including cerebrovascular disease (stroke), myocardial
infarction (MI), and coronary heart disease (CHD). The mortality
rate is higher for women (49%) than for men (40%) for both
stroke and CHD [2,3]. A very high proportion (90%) of CVD is
considered preventable [4] through a modification of lifestyle
(moderate alcohol consumption, no smoking, physical activity,
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and healthy diet), blood pressure, and blood sugar control [5].
Some studies suggest that chocolate consumption might be
inversely associated with prevalent calcified atherosclerotic
plaques in the coronary arteries—a risk factor for CHD—as well
as CHD incidence and mortality [6]. Chocolate is one of the most
important dietary sources of flavonoids, polyphenolic com-
pounds that may have cardioprotective effects due to hypo-
thetical endothelial and platelet function [7] and important
antioxidant action. Previous studies have shown that dietary
intake of different types of flavonoids is associated with reduced
risk for death from CHD and CVD [8]. Moreover, many flavonoids
are potent antioxidants for low-density lipoprotein (LDL)
oxidation, which is involved in the development of atheroscle-
rotic diseases [9].

According to mythology, cocoa originated from the blood of
an Aztec princess who preferred death rather than reveal the
riches of her kingdom [10]. Mayas, Incas, and Aztecs cultivated
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the cocoa tree (Theobroma cacao) and praised it as “a gift of the
gods.” Chocolate is produced from the seeds of the cocoa tree
[11]. In ancient history, chocolate was seen an aphrodisiac
accessible only to the affluent and the rich [12] and numerous
positive properties to human health have been ascribed to it. In
the 18th century, without scientific evidence, cocoa was believed
to strengthen the heart and reduce angina pectoris [13].

Cocoa beans are now known to contain very high levels of
flavonols that occur both as monomers of epicatechin and cate-
chin and as polymerized flavonols, or procyanidins. These sub-
stances are responsible for many protective effects: They can
reduce platelet aggregation and modulate redox-mediated
vasodilation as well as the transcription of inflammatory cyto-
kines [14].

Although many studies observe a statistically significant [13]
or a nonsignificant [15] inverse association between chocolate
consumption and total stroke, a moderate consumption of
chocolate might be associated with a lower risk for heart failure
(HF). This benefit may be due to favorable effects of cocoa
products on blood pressure, which is a major risk factor for HF
[16].

In patients free of diabetes surviving their first acute
myocardial infarction (AMI), moderate chocolate consumption is
associated with lower cardiac mortality, suggesting that in-
dividuals with CHD do not need to avoid chocolate [15].

The review by Corti et al. [ 7] focused on potential mechanisms
involved in the response to cocoa and the potential clinical im-
plications associated with its consumption. The beneficial effects
of cocoa are most likely due to an increased bioavailability of
nitric oxide (NO), which has an effect on the endothelium, such
as vasodilation and prevention of leukocyte adhesion and
migration. Reduced NO bioavailability is associated with endo-
thelial dysfunction and eventually atherosclerotic disease [7].
The aim of this meta-analysis was to evaluate the association
between chocolate intake and risk for CVD in the general pop-
ulation. In particular, we also assessed the risk of specific sub-
groups of CVD such as HF, stroke, AMI, and CHD.

Methods

A systematic review and meta-analysis in accordance with PRISMA guide-
lines was performed. The literature search was carried out on September 26,
2016, referring to PubMed, using predetermined keywords and a combination of
Mesh terms, Title/Abstract, and text word. The search terms were selected based
on three aspects: food intake, CVDs, and type of study; and finally, they were
combined with Boolean operator AND/OR. The search terms related to the main
aspects considered were:

e Food intake: Cacao®, cocoa’, chocolate”, “Diet/statistics and numerical
data”[MeSH Terms];

Cardiovascular disease: “Cardiovascular Diseases/epidemiology”[MAJR],
“Myocardial Infarction/epidemiology”[ MAJR], “Stroke/epidemiology”[MAJR],
“Heart Failure/epidemiology”[MAJR], “Heart Failure/prevention and con-
trol”[MeSH Terms], coronary artery, atherosclerosis, ischemic heart, ischemic,
ischemia, ischemia, cerebral stroke, brain vascular accident, cerebrovascular,
cerebral vascular, CVA, CVD;

Type of study: “Prospective Studies”[MeSH Terms], “Cross-Sectional Stud-
ies”[MeSH Terms], “Follow-Up Studies”[MeSH Terms], “Surveys and Ques-
tionnaires"[MeSH  Terms],  “Incidence”[MeSH  Terms],  “Cohort
Studies”[MeSH Terms], epidemiology.

Inclusion criteria

To be included in the current meta-analysis, the studies had be in English
only, full length, performed on humans (no in vitro or animal studies), and
focused on chocolate or cocoa intake, epidemiologic (case-control, cohort, cross-
sectional studies) evaluating the relationship between chocolate/cocoa intake
and risk for CVD (CVD, M], stroke, ischemic heart disease, HF).

Exclusion criteria included different outcome studies without proper
extraction data (e.g., odds ratio [OR], risk ratio [RR], hazard ratio [HR]), experi-
mental animal models, and studies without original data (abstract, letters,
comments, review).

To verify whether the retrieved studies satisfied the inclusion criteria, two
reviewers (T.S. and V.G.) independently screened the titles and abstracts. Possible
disagreements were resolved through discussion or third reviewer consultation.
Full-text articles were downloaded for the selected titles. The reference lists of
the retrieved articles were checked to identify additional publications.

Data extraction

Two independent reviewers used a predefined spreadsheet to collect the
main information from the included studies (T.S. and V.G.). The collected data
included qualitative information of the studies (name of the first author, year of
publication, type of study, country); participant characteristics (sample size, age
range or mean age, sex, ethnicity, health status); characteristics of study design
(recruitment procedures, duration of the enrolment, degree of exposure), in-
strument used to assess food intake, such as food frequency questionnaire (FFQ;
validated or not, FFQ self-administered or by interview), and information on the
outcomes. The first or last authors of the original studies were contacted by e-
mail to reduce the number of studies excluded due to difficulties in extraction
data process from the articles.

Quality evaluation

Quality of the included study was evaluated independently by two reviewers
(VG and TS), using the scoring system created on the basis of the Meta-analysis of
Observational Studies in Epidemiology group [17], the Quality Assessment Tool
for Systematic Reviews of Observational Studies [18], and the Strengthening the
Reporting of Observational Studies in Epidemiology [19] and modified by
Buitrago-Lopez et al. [20]. The scoring sheet allowed a total score of O to 6 points
(6 reflecting the highest quality). The system accepts a mark of 0 or 1 point for
each variable 1) justification given for the cohort; 2) appropriate inclusion and
exclusion criteria; 3) diagnosis of CVD, based not only on self-report; 4) validated
tool to assess chocolate intake; 6) adjustments were made for age, sex, body mass
index (BMI), and smoking status; and 7) any other adjustments (such as for
physical activity, dietary factors).

Statistical analysis

The meta-analysis was performed by ProMeta 3 software. Heterogeneity
among studies was evaluated using the I statistics. The effect size (ES) was
estimated by RR reported with its 95% confidence interval (CI). The statistical
heterogeneity among studies was assessed by the xz test and I? statistic (high
heterogeneity if I> >60%; P > 0.10) [21]. P < 0.05 was considered statistically
significant. To calculate the pooled effect, a random-effects model was
applied according to the found heterogeneity (Egger’s linear regression test).
Lastly, the funnel plot was visually evaluated to assess possible publication
bias.

As studies evaluated different concentrations of chocolate consumption in
terms of range, the individuals exposed to the highest level versus those exposed
to the lowest level were compared.

Subgroup analysis

To test the validity of the results, the meta-analysis was run according to
different outcomes (CVD, HF, and stroke) and sex.

Results

We identified 396 potential articles and, after a preliminary
screening of the title and abstract, 361 were excluded because
they were reviews (n =49), in a different language (n = 18), or not
relevant (n = 294). Overall, 35 articles were eligible; however, 10
studies were further excluded because data were not available
and another 9 because different outcomes were analyzed. The
selection flowchart is shown in Figure 1. The detailed reasons for
exclusion are presented in Table 1 [22-40]. Tables 2-6 show the
characteristics of studies included in the meta-analysis organized
according clinical outcomes. Five studies were conducted in
United States [6,8,16,43,50], 1 in Australia [45], and 10 in Europe.
Of the 10 European studies, 5 were from Sweden [15,47-49,51],
1 from Spain [41], 2 from Germany [13,46], 1 from the United
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Fig. 1. Selection of studies flowchart, according to PRISMA’s guidelines.

Kingdom [44], and 1 was a multicentric European study (Italy,
Estonia, Cyprus, Belgium, Sweden, Germany, Hungary, and Spain)
[42]. The results presented in the present meta-analysis are
adjusted for at least four confounding factors such as BMI, sex,
smoking habit, and age. Four studies evaluated the CVD risk in
menopausal [51] and postmenopausal women [8,45,48,51],
whereas four studies [16,43,49,46] evaluated the risk in adult
men (age 45-79 y), and only one evaluated the risk for CVD in
children ages 2 to 9y [42]. The total risk for CVD was evaluated in
five studies [7,13,15,44,42]. Myocardial infarction was evaluated
by Lewis et al. [45], Larsson et al. [47-49], Buijsse et al. [13,46],and
Janszky et al. [15]. Janszky et al. [15] also evaluated stroke, as did
five other studies [8,13,48,49,44]. Lewis et al. evaluated carotid
atherosclerotic plaques and atherosclerotic vascular disease [45].
Khawaja et al. estimated the risk for atrial fibrillation [43]; Alonso
et al. evaluated the risk for hypertension [41]. CHD was investi-
gated in four studies [6,8,50,44], whereas the risk for HF was
observed in four other studies [15,16,45,51]. Because some of the
included studies assessed more than one subgroup of CVD, results
were considered as independent studies. Chocolate intake was
estimated by self-administered FFQ previously validated in the

majority of the studies; diversely, in Bel-Serrat et al. [42], the
questionnaire was administered to the parents, one study used
a cross-check history method adapted to the Dutch population
[13], and in two studies [6,50], the questionnaire was adminis-
tered by interview. Almost all were prospective studies, whereas
three were cross-sectional [6,50,42]. The pooled sample consisted
of 344 453 participants, and the ES was 0.71 (95% CI, 0.65-0.78;
P = 0.000; Fig. 2A). The results of the present meta-analysis
demonstrated an important effect in the highest versus
lowest category of chocolate intake, although Egger’s linear
regression test shows a potential publication bias (intercept
-2.04,t=-2.79; P = 0.009), also confirmed by the asymmetry of
the Funnel plot (Fig. 2B). Moreover, high statistical heterogeneity
(% = 182.49; df = 32; I?> = 82.47%; P = 0.000) was found. To
reduce heterogeneity, a further supplementary analysis
excluding cross-sectional studies was conducted [6,50,42].
Although the ES was still significant at 0.77 (95% CI, 0.71-0.84;
P = 0.000), heterogeneity was reduced (3> = 103.81; df = 29;
P = 75.92%; P = 0.000), as was publication bias (Egger’s linear
regression test intercept -1.11, t = -1.32; P = 0.198; data not
shown).
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Table 1
Excluded studies and the reason for exclusion

Author, year published [Ref no.] Reason for exclusion

Arts et al. 2001 [22]

Bayard et al. 2007 [23]

Brown et al. 2010 [24]
Brummer 1969 [25]

Droste et al. 2014 [26]

Fisher et al. 2003 [27]

Ivey et al. 2015 [28]
Lloyd-Williams et al. 2009 [29]
Panagiotakos et al. 2009 [30]
Ponzo et al. 2015 [31]
Donfrancesco et al. 2008 [32]
Greenberg 2015 [33]
Greenberg and Buijsse 2013 [34]
Horn et al. 2014 [35]

Monagas et al. 2009 [36]

K Hollenberg 2006 [37]

Rose et al. 2010 [38]
Vazquez-Agell et al. 2013 [39]
Walters et al. 2013 [40]

No data available

Different outcome

Acute myocardial infarction

Three trials were conducted during the first decade of 2000
[15,45,46] and one in 2014 [16] (Table 3). The selection ranged
from 1169 to 31 823 participants followed for ~10 y. The age of
the participants ranged between 43 and 85 y. Janszky et al.
analyzed nondiabetic patients hospitalized with a confirmed
first AMI, enrolled in the Stockholm Heart Epidemiology Pro-
gram (SHEEP) study [15]. Buijsse et al. evaluated the risk in pa-
tients without of AMI or stroke, without antihypertensive
therapy of the Postdam arm of the European Prospective Inves-
tigation into Cancer and Nutrition (EPIC) study [13,46]. Lewis
et al. [45] analyzed elderly women from a 5-y randomized
controlled trial of calcium supplementation, and Larsson et al.
used data from two prospective cohorts of men and women from
the COSM (Cohort of Swedish Men) [49] and SMC (Swedish
Mammography Cohort) studies [48], respectively. The values of
ES reported in the articles indicate a moderate MI protective
effect of chocolate in two cases [45,47], whereas in two studies
no association was observed [15,46]. The pooled ES was 0.78
(95% CI, 0.64-0.94; P = 0.009) based on 79 001 participants
(Fig. 3A). Moreover, no statistical heterogeneity (y = 5.61; df = 3;
I? = 46.56%; P = 0.13) was found. The funnel plot (Fig. 3B) shows
no potential publication bias, which was confirmed by Egger’s
linear regression test (intercept -1.68, t = -1.41; P = 0.295; data
not shown).

Stroke

Three trials were conducted during the first decade of 2000
[8,15,46] and another three between 2011 and 2015 [48,49,44]
(Table 4). The selection ranged from 1169 to 37 103 partici-
pants. The follow-up period of the studies ranged between 8 and
16 y and the age of the participants ranged between 35 and 85 y.
Janszky et al. analyzed SHEEP study participants [15]; Buijsse
et al. evaluated the risk in patients of the Postdam arm of EPIC
study [13,46]; Larsson et al. analyzed women from SMC [48]; and
Mink et al. evaluated the risk in postmenopausal women in the
Iowa Women'’s Healthy Study (IWHS) [8]. Larsson et al. used data
from COSM [49], whereas Kwok et al. conducted a study using
data from the EPIC-Norfolk cohort [44]. Larsson et al. indepen-
dently evaluated the risk for total stroke, hemorrhagic stroke,

and cerebral infarction [48,49]. Mink et al. considered stroke
mortality [8]. The ES reported in the articles indicates a possible
protective effect of stroke in two cases [48,46], whereas in
four studies, the association was not statistically significant
[8,15,49,44|. The pooled ES was 0.73 (95% CI, 0.63-0.86;
P = 0.000) based on 123 482 participants (Fig. 4A). No statistical
heterogeneity was found (yx* = 12.20, df = 5, > = 59.03%;
P = 0.32). The funnel plot (Fig. 4B) showed no potential publi-
cation bias, which was confirmed by Egger’s linear regression
test (intercept -1.94, t = -1.10; P = 0.335; data not shown). A
supplementary analysis, excluding the Mink study, was con-
ducted because this study tested the risk for stroke mortality
instead of incidence. The lower risk for stroke incidence associ-
ated with chocolate consumption was still significant (ES = 0.70;
95% CI, 0.58-0.85; P = 0.00029; data not shown). However, a low
statistical heterogeneity (I> = 61.23%, P = 0.035) was found (data
not shown) probably due to a low number of included studies.

Coronary heart disease

Of the four studies evaluating CHD, one was conducted
during the first decade of 2000 [8] and the other three between
2011 and 2015 [6,50,44] (Table 5). The selection ranged from
2217 to 34 489 participants. The duration of the observation
ranged between 2 and 16 y. The age of the participants ranged
between 25 and 93 y. Djoussé et al. evaluated the risk among
the participants of National Heart, Lung, and Blood Institute
Family Heart (NHLBI) study [6,50]. Because Djoussé et al.
calculated the risk for CHD among NHLBI participants with
different baseline characteristics (Tables 2-6), the results were
considered as independent studies in the meta-analysis. Kwok
et al. examined the EPIC-Norfolk cohort [44]; Mink et al. con-
ducted the study using data from IWHS [8]. The values of ES
reported in the articles indicated a moderate CHD protective
effect of chocolate in three cases [6,50,44], whereas in one
study no association was observed [8]. The pooled sample was
49 425 individuals. Although this meta-analysis shows a high
protective effect of chocolate intake on CHD (ES = 0.53; 95% CI,
0.40-0.71; P = 0.000) and the results show high heterogeneity
(2 = 75.88, df = 6, I> = 92.01%; P = 0.000; Fig. 5A). The funnel
plot (Fig. 5B) shows a potential publication bias. These data
were confirmed by Egger’s test (intercept -5.35, t = -2.93;
P = 0.003; data not shown).

Heart failure

Three trials were conducted during the first decade of 2000,
and one in 2016 (Table 6). The selection ranged from 1169 to 31
823 participants, and the follow-up period ranged between 3
and 9.5 y. The age of the participants ranged between 43 and
84 y. Janszky et al. analyzed patients enrolled in SHEEP study
[15]; Lewis et al. analyzed elderly women [45]; Petrone et al.
analyzed the risk in men enrolled in PHS (Physician’s Health
Study) [16]; and Mostofsky et al. assessed the risk in women
without baseline diabetes or a history of HF or AMI from the SMC
[51]. The values of ES reported in the articles indicated a statis-
tically significant protective effect of chocolate in two cases
[45,51], whereas no association was observed in the other two
studies [15,16]. The pooled ES was estimated on 14 117 partici-
pants (ES = 0.83; 95% CI, 0.55-1.26; P = 0.392; Fig. GA).
Furthermore, a high statistical heterogeneity (y* = 14.86, df = 3,
P =79.81%; P = 0.002) was found. The funnel plot (Fig. 6B) does
not show a potential publication bias. These data were confirmed



Table 2

Characteristics extracted from the included studies (CVD and hypertension) and quality score

First author, No. in Age (y)  Baseline Study period Study type Instrument Outcome Chocolate intake (g) OR, RR, or P value Country Qs/6
year analysis characteristics and frequency HR (95% CI)
published
Alonso 2005 5880 Mean Healthy subjects 1999-2002 Prospective FFQ validated Hypertension Highest vs lowest OR 1.1 0.25 Spain 6
[41] 35.8 cohort self- quintile (0.7-1.8)
administered
Bel-Serrat (a) 5548 2-9 Male children 2007-2008 Cross-sectional ~ FFQ validated CVD Highest tertile vs OR 0.20 Europe (Italy, 5
2013 [42] parent lowest (0.07-0.56) Estonia, Cyprus,
administered Belgium,
Sweden,
Germany,
Hungary,
Spain)
Bel-Serrat (b) 5548 2-9 Female children 2007-2008 Cross-sectional ~ FFQ validated CVD Highest vs lowest OR 0.53 Europe (Italy, 5
2013 [42] parent tertile (0.23-1.20) Estonia, Cyprus,
administered Belgium,
Sweden,
Germany,
Hungary,
Spain)
Buijsse 2006 470 65-84 Men participating 1985-2000 Prospective Cross-check CVD mortality 225 ¢g/d RR 0.50 0.002 Germany 5
[13] in the cohort dietary history (0.32-0.78)
Zutphen Elderly method
Study,
free of CVDs,
diabetes
mellitus, and
cancer
Janszky 2009 1169 65-84 SHEEP study 1992-1994 Prospective Survey self- CVD mortality 50 g > 2/wk HR 0.34 0.01 Sweden 5
(a)[15] cohort administered (0.17-0.70)
Janszky 2009 1169 65-84 SHEEP study Follow-up 8 Prospective Survey self- Nonfatal CVD 50 g > 2[wk HR 0.82 0.30 Sweden 5
(e) [15] cohort administered (0.59-1.14)
Khawaja 2015 18 819 Mean Male physicians in ~ Mean follow up Prospective FFQ validated Atrial fibrillation 1 ounce (~284¢g) HR 1.05 0.25 for us 5
[43] 66 + 9.1 the PHS 9+3y cohort self- >5/wk (0.89-1.25) linear
administered trend
Kwok (a) 2015 20951 59+9 EPIC-Norfolk 1993-1997 follow Prospective FFQ self- CVD 15.6 to 98.8/d HR 0.82 0.003 UK 6
[44] cohort up 2007 cohort administered (0.72-0.95)
Kwok (b) 2015 20951 59+9 EPIC-Norfolk 1993-1997 follow  Prospective FFQ self- Fatal CVD 15.6 to 98.8/d HR 0.71 0.008 UK 6
[44] cohort up 2008 cohort administered (0.56-0.89)
Lewis (a) 2010 1216 Mean Old women of 5-y 1998 followed for Prospective FFQ validated Atherosclerotic 0.38 + 0.56 HR 0.76 0.03 Australia 5
[45] 75 +3 RCT of 95y cohort self- vascular disease  servings/d > 1 (0.60-0.97)
calcium administered portion/wk
supplements
Lewis (d) 2010 1216 Mean Old women of 5-y 1998 followed for Prospective FFQ validated Carotid plaques  0.38 + 0.56 HR 0.77 0.04 Australia 5
[45] 75 +3 RCT of 95y cohort self- servings/d > 1 (0.60-0.98)
calcium administered portion/wk
supplements
Mink (b) 2007 34489 55-69 Postmenopausal 1986-2002 Prospective FFQ validated CVD mortality 1 x Jwk RR 0.92 0.062 us 5
[8] women in cohort self- (0.84-1.00)
the IWHS administered

The parenthetical letter indicate multiple used of the same source.

CI, confidence interval; CVD, cardiovascular disease; EPIC, European Prospective Investigation into Cancer and Nutrition; FFQ, food frequency questionnaire; HR, hazard ratio; IWHS, lowa Women’s Healthy Study; OR, odds

ratio; PHS, Physicians Health Survey; QS/6, quality score; RCT, randomized controlled trial; RR, risk ratio; SHEEP, Stockholm Heart Epidemiology Program.
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Table 3
Characteristics extracted from the included studies (outcome AMI) and quality score
First author, year No in Age (y) Baseline Study period Study type  Instrument Outcome  Chocolate intake OR, RR, or HR (95% CI) P value Country Qs/6
published analysis characteristics (g) and frequency
Buijsse 2010 (a) [46] 19 357 35-65 Postdam arm of Mean Prospective  FFQ validated AMI Mean chocolate RR 0.73 (0.47-1.15) 0.33 linear Germany 5
EPIC study follow-up cohort self-administered intake 6 g/d higher trend
81y in the top quartile
Janszky 2009 (b) [15] 1169 65-84 SHEEP study Follow up 8 Prospective  Survey Recurrent 50 g > 2/wk HR 0.86 (0.54-1.37) 0.38 Sweden 5
cohort self-administered ~ AMI
Larsson 2016 [47] 67 640  45-83 COSM and SMC 1998-2010 Prospective  FFQ validated AMI >3 to 4 servings/wk RR 0.87 (0.77-0.98) 0.04 Sweden 5
cohort self-administered
Lewis (b) 2010 [45] 1216 Mean Old women of 5-y 1998 followed Prospective  FFQ validated AMI 0.38 £ 0.56 servings/d  HR 0.65 (0.46-0.94) 0.02 Australia 5
75 +3  RCT of calcium for9.5y cohort self-administered > 1 portion/wk

supplements

The parenthetical letter indicate multiple used of the same source.
AMI, acute myocardial infarction; CI, confidence interval; COSM, Cohort of Swedish Men; EPIC, European Prospective Investigation into Cancer and Nutrition; FFQ, food frequency questionnaire; HR, hazard ratio; OR, odds
ratio; QS/6, quality score; RCT, randomized controlled trial; RR, risk ratio; SHEEP, Stockholm Heart Epidemiology Program; SMC, Swedish Mammography Cohort.

Table 4
Characteristics extracted from the included studies (outcome stroke) and quality score

First author, year No.in  Age (y) Baseline Study period Study type Instrument Outcome Chocolate intake (g) OR, RR, or HR P value Country  QS/6

published analysis characteristics and frequency (95% CI)

Buijsse 2010 (b) [46] 19357 35-65 Postdam arm Mean follow-up Prospective cohort FFQ validated Stroke Mean chocolate RR 0.52 (0.30-0.89) 0.90 linear Germany 5

of EPIC study 81y self-administered intake 6 g/d higher trend
in the top quartile
Janszky 2009 (d) [15] 1169 65-84 SHEEP study Follow up 8 Prospective cohort Survey Stroke 50 g > 2/wk HR 0.62 (0.33-1.16) 0.65 Sweden 5
self-administered
Kwok (d) 2015 [44] 20951 59+ 9 EPIC-Norfolk 1993-1997 follow Prospective cohort FFQ self-administered Stroke 15.6-98.8/d HR 0.81 (0.62-1.05) 0.14 UK 6
cohort up 2010

Larsson (a) 2011 [48] 33372 49-83 Women in SMC 1997 followed Prospective cohort FFQ validated Total stroke  >45 g/wk RR 0.80 (0.66-0.99) 0.01 Sweden 6
until 2008 self-administered

Larsson (b) 2011 [48] 33372 49-83 Women in SMC 1998 followed Prospective cohort FFQ validated Stroke >45 g/wk RR 0.83 (0.66-1.04) 0.04 Sweden 6
until 2008 self-administered

Larsson (c) 2011 [48] 33372 49-83 Women in SMC 1998 followed Prospective cohort FFQ validated Hemorrhagic >45 g/wk RR 0.58 (0.34-1.00) 0.04 Sweden 6
until 2008 self-administered stroke

Larsson (a) 2012 [49] 37 103 45-79 COSM 1998-2008 Prospective cohort FFQ self-administered Total stroke  62.9 g/wk RR 0.83 (0.70-0.99) 0.08 Sweden 4

Larsson (b) 2012 [49] 37 103 45-79 COSM 1998-2008 Prospective cohort FFQ self-administered Stroke 62.9 g/wk RR 0.83 (0.69-1.01) 0.14 Sweden 4

Larsson (c) 2012 [49] 37 103 45-79 COSM 1998-2008 Prospective cohort FFQ self-administered Hemorrhagic 62.9 g/wk RR 0.84 (0.56-1.25) 0.42 Sweden 4

stroke
Mink (a) 2007 [8] 34489 55-69 IWHS 1986-2002 Prospective cohort FFQ validated Stroke 1x[wk RR 0.85 (0.70-1.03) 0.098 us 5
self-administered mortality

The parenthetical letter indicate multiple used of the same source.
CI, confidence interval; COSM, Cohort of Swedish Men; EPIC, European Prospective Investigation into Cancer and Nutrition; FFQ, food frequency questionnaire; HR, hazard ratio; IWHS, lowa Women'’s Healthy Study; OR, odds
ratio; QS/6, quality score; RR, risk ratio; SD, standard deviation; SHEEP, Stockholm Heart Epidemiology Program; SMC, Swedish Mammography Cohort.
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Table 5
Characteristics extracted from the included studies (outcome CHD) and quality score

First author, year No. in Age (y) Baseline Study period Study type Instrument Outcome Chocolate intake OR, RR, or P value Country QS/6
published analysis characteristics (g) and frequency HR (95% CI)
Djoussé 2011 [6] 2217 25.6-85.7 NHLBI 1993-2003 Cross-sectional FFQ validated CAC 1 ounce (~28.4g) OR 0.69 (0.48-0.99) 0.029 for us 5
staff-administered > 2[wk linear trend
Djoussé 2011 (a) [50] 4970 25-93, mean NHLBI 1993-1995 Cross-sectional FFQ validated CHD 1 ounce > 5/wk OR 0.43 (0.27-0.68) 0.0002 us 5
52 (SD 1.7) staff-administered
Djoussé 2011 (b) [50] 4366  25-93, mean NHLBI 1993-1995 Cross-sectional FFQ validated CHD 1 ounce > 5/wk OR 0.38 (0.23-0.63) 0.0002 us 5
52 (SD 13.7) staff-administered
Djoussé 2011 (c) [50] 4790 <60 NHLBI 1993-1995 Cross-sectional FFQ validated CHD 1 ounce > 5/wk OR 0.36 (0.17-0.75) 0.0004 us 5
staff-administered
Djoussé 2011 (d) [50] 4790 >60 NHLBI 1993-1995 Cross-sectional FFQ validated CHD 1 ounce > 5/wk OR 0.48 (0.28-0.83) 0.016 us 5
staff-administered
Kwok (c) 2015 [44] 20951 59+9 EPIC-Norfolk 1993-1997 Prospective cohort FFQ self-administered CHD 15.6-98.8/d HR 0.83 (0.71-0.97) 0.006 UK 6
cohort follow up 2009
Mink (c) 2007 [8] 34 489 55-69 IWHS 1986-2002 Prospective cohort FFQ validated CHD 1x/wk RR 0.98 (0.88-1.10) 0.775 us 5
self-administered mortality

The parenthetical letter indicate multiple used of the same source.
CAC, calcified atherosclerotic plaques in the coronary arteries; CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; EPIC, European Prospective Investigation into Cancer and Nutrition; HR, hazard
ratio; IWHS, lowa Women’s Healthy Study; NHLBI, National Heart, Lung, and Blood Institute; OR, odds ratio; QS/6, quality score; RR, risk ratio; SD, standard deviation.

Table 6
Characteristics extracted from the included studies (outcome heart failure) and quality score
First author, year No.in  Age (y) Baseline Study period  Study type Instrument Outcome  Chocolate intake (g) OR, RR, or HR P value Country QS/6
published analysis characteristics and frequency (95% CI)
Janszky 2009 (c) [15] 1169 65-84 SHEEP study Follow up 8 y  Prospective cohort Survey Congestive 50 g > 2/wk HR 0.78 (0.52-1.16) 0.78 Sweden 5
self-administered HF
Lewis (c) 2010 [45] 1216 Mean 75 + 3 0Old women of 1998 followed Prospective cohort FFQ validated HF events 0.38 + 0.56 HR 0.41 (0.22-0.76) 0.01 Australia 5
5-y RCT of calcium for 9.5y self-administered servings/d > 1
supplements portion/wk
Mostofsky 2010 [51] 31 823 43-83 Women in SMC 1998-2006 Prospective cohort FFQ HF >1 servings/d Rate ratios 1.23 0.0005 for Sweden 5
self-administered (0.73-2.08) quadratic trend
Petrone 2014 [16] 20278 66.4 +9.2 Men from PHS 1999-2002 Prospective cohort FFQ validated HF 1 ounce (~284¢g) HRO0.82(0.63-1.07) 0.41 for linear US 4
self-administered > 5/wk trend, 0.62 for

quadratic trend

The parenthetical letter indicate multiple used of the same source.
CI, confidence interval; FFQ, food frequency questionnaire; HF, heart failure; HR, hazard ratio; NHLBI, National Heart, Lung, and Blood Institute; OR, odds ratio; PHS, Physicians Health Survey; QS/6, quality score; RCT,
randomized controlled trial; RR, risk ratio; SHEEP, Stockholm Heart Epidemiology Program; SMC, Swedish Mammography Cohort.
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ES 95% CI W sig. N
A Mostofsky 2010 178  1.08,292  196% 0023 5217 —_—.———
Alonso2015 110 070,180  207% 0692 5880 4
Khawsja2015 103 088,120  403% 0735 6658
Mink (c)2007 097 085,109  424% 0614 34489
Mink (b) 2007 0.92  0.84,1.00 438% 0061 34489 ]
Janszky (6)2009 091 063,131  263% 0603 88 -
Lewis (4)2010 087 077,098  423% 0027 1090 —,—
Larsson2016 087 077,088  423% 0024 67640 e
Petrone 2014 086  067,1.10  342% 0224 7218 —
Mink (a)2007 0.85 070,103  3.80% 0099 34489 —
Larsson2012 083 070,089  393% 0035 37103 -
Bujsse 2006 080 058,111  291% 0184 321 ™
Janszky (€)2009 080 064,100  364% 0046 465 R
Larsson2011 080 066,090  374% 0031 33372 —
Lewis (2)2010 076 062,093  374% 0008 1216 ——
Janszky (d)2009 075 045,126  1.87% 0285 465 =
Kwok(c)2015 071 063,080  424% 0000 8373 .
Kwok (a)2015 069 062,077  431% 0000 8373 -
Janszky (c)2009 068  0.51,0.92 3.08% 0.012 466 PR S
Lewis (5)2010 067 050,091  307% 0009 1216 — .
Dioussé (d)2011 065 045,094  265% 0023 693 -
Dioussé 2011 061 052,072  401% 0000 1226 —.,—
Kwok (4)2015 058 047,072  368% 0000 8373 R —
Buisse (a)2010 058 033,088  234% 0010 9679 —.
BekSerrat (0)2012 053 023,120  097% 0132 5548
Kwok (6)2015 053 044,064  385% 0000 8373 —a—
Buisse (b)2010 047 028,078  192% 0003 9679 —_— =
Lewis (c)2010 0.47 027,082  171% 0007 1216 -
Janszky (a)2009 041 023,074  162% 0003 466 =
Dioussé (a)2011 036 026,050  293% 0000 1872 —.—
Dioussé (b)2011 032 022,046  258% 0000 1595 —
Dioussé ()2011 026  0.14,0.47  156% 0000 1177 =
BelSerat (a)2012 020 007,056  067% 0002 5548
Overall random-effects model) 0.71 065,078  100.00% 0000 344453 —
1
B
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Fig. 2. (A) Forest and (B) funnel plots of the meta-analysis comparing chocolate intake in the prevention of CVDs (16 epidemiological studies). CVD, cardiovascular disease;
ES, effect size.
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ES 95% CI W Sig. N
A Janszky (b) 2009 0.91 063,131 17.74% 0.603 466
Larsson 2016  0.87 0.77,0.98  44.54% 0.024 67640
Lewis (b) 2010 0.67 0.50,0.91 22.95% 0.009 1216
Buijsse (a) 2010 058 038,088 14.77% 0010 9679

Overall (random-effects model) 0.78 0.64 ,0.94 100.00% 0.009 79001

0.04
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-1.00 -0.90 -0.80 -0.70 -060 -0.50 -0.40 -0.30 -020 -0.10 000 0.10 020 030 040 050
EFFECT SIZE

Fig. 3. (A) Forest and (B) funnel plots of the meta-analysis comparing chocolate
intake in the prevention of AMIs (4 epidemiological studies). AMI, acute myocardial
infarction; ES, effect size.

by Egger’s test (intercept 0.61, t = 0.14; P = 0.901; data not
shown).

Cardiovascular risk by sex

For a more comprehensive evaluation, the meta-analysis was
performed according to sex. There were five articles that
appraised the risk for CVD in women [8,45,48,51,42], but because
some of them assessed the risk for different CVDs such as

ES 95% ClI W Sig. N
A Mink (a) 2007 0.85 0.70,1.03 21.41% 0.099 34489
Larsson 2012 0.83 0.70,0.99 22.81% 0.035 37103
Larsson 2011 0.80 0.66,0.99 20.75% 0.031 33372
Janszky (d) 2009 0.75 0.45,1.26 7.29% 0.285 466
Kwok (d) 2015 0.58 0.47,0.72  20.19% 0.000 8373
Buijsse (b) 2010 0.47 0.28,0.78 7.55% 0.003 9679
Overall (random-effects model) 0.73 0.63,0.86 100.00% 0.000 123482
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Fig. 4. (A) Forest and (B) funnel plots of the meta-analysis comparing chocolate
intake in the prevention of stroke (6 epidemiological studies). ES, effect size.

atherosclerotic vascular disease, HF, and carotid plaques, these
were considered as separate studies. All the studies evaluated
the risk in menopausal or postmenopausal women (ages
43-83 y), except the study by Bel-Serrat et al. [42], which esti-
mated the risk in female children ages 2 to 9 y. The total sample
size was 152 342 and the ES was statistically significant at 0.85
(95% CI; 0.77-0.95; P = 0.003) with a low grade of heterogeneity
(%% =23.81,df = 9, > = 62.21%; P = 0.005; Fig. 7A). The funnel
plot shows a low-grade potential publication bias, confirmed by
Egger’s test (intercept -1.21, t = 1.27; P = 0.239; data not shown).

The same analysis was performed for men, although there
were four studies included [16,43,49,42]. Three of these
studies were conducted in men; mean age was ~60 y and the
outcomes were atrial fibrillation, HF, and stroke. The fourth study
was conducted in male children ages 2 to 9y, in eight European
countries (Italy, Estonia, Cyprus, Belgium, Sweden, Germany,
Hungary, Spain). The pooled ES was evaluated on a total sample
of 56 527 participants. The results show a nonstatistically
significant protective effect (ES = 0.84; 95% ClI, 0.66-1.07;
P = 0.164) with a moderate grade of heterogeneity (y? = 11.74,
df = 3, > = 74.44%; P = 0.008; Fig. 7B). The funnel plot shows no
potential publication bias, confirmed by Egger’s test (intercept
-3.43, t = -2.64; P = 0.118; data not shown).

Discussion

The present meta-analysis showed that chocolate consump-
tion was associated with a significant reduced risk for CVD (29%);
in particular, 22% for AMI, 30% for stroke, 17% for HF, and 47% for
CHD. Two studies further classified stroke as cerebral infarction
and hemorrhagic stroke, but due to the low number of studies
evaluating the differences between these two types of stroke, it
was not possible to analyze the respective risk in this meta-
analysis. Nevertheless, Larsson et al. [48,49] found in a multi-
variable model that the RR of cerebral infarction after an

ES 95% CI w Sig. N
A Mink (c)2007 097 0.86,1.09 16.70% 0614 34489
Kwok (c) 2015 0.71 0.63,0.80 16.69%  0.000 8373
Djoussé (d)2011 065  0.45,0.94 13.36% 0.023 693
Djoussé 2011 0.61 052,072 16.31%  0.000 1226
Djoussé (a) 2011  0.36  0.26,0.50 14.06%  0.000 1872
Djoussé (b) 2011 032  0.22,0.46 13.17%  0.000 1595
Djoussé (c)2011 026  0.14,0.47 9.71%  0.000 177
Overall (random-effects model) 0.3  0.40,0.71 100.00% 0.000 49425

DODIM OBPOZ>—H®
o

-1.80 -1.60 -1.40 -1.20 -1.00 -0.80 -0.60 -0.40 -0.20 0.00 0.20 0.40
EFFECT SIZE

Fig. 5. (A) Forest and (B) funnel plots of the meta-analysis comparing chocolate
intake in the prevention of CHDs (4 epidemiological studies). CHD, coronary heart
disease; ES, effect size.
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A ES 95% CI w Sig. N

Mostofsky 2010 1.78 1.08,292 2223% 0.023 5217
Petrone 2014 086 0.67,1.10 29.27% 0.224 7218
Janszky (c)2009 068 0.51,092 28.00% 0.012 466

Lewis (c)2010 047 027,082 20.51%  0.007 1216

Overall (random-effects model)  0.83 0.55,1.26 100.00% 0.392 14117
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Fig. 6. (A) Forest and (B) funnel plots of the meta-analysis comparing chocolate
intake in the prevention of HF (4 epidemiological studies). HF, heart failure; ES,
effect size.

increased chocolate intake of 50 g/wk was 0.88 (95% CI,
0.54-0.99) in women and 0.83 (95% CI, 0.69-1.01) in men,
whereas the RR for hemorrhagic stroke was 0.73 (95% CI,
0.54-0.99) in women and 0.84 (95% CI, 0.56-1.25) in men.
Moreover, Djoussé et al. [50] also evaluated the association be-
tween chocolate consumption and risk for hypertension.
Although they compared the lowest with the highest category of
chocolate intake (>5 servings/wk), the adjusted odds ratio (OR)
was 1.11 (95% CI, 0.81-1.53). This meta-analysis confirmed the
results previously obtained in another meta-analysis where
chocolate consumption was correlated to 37% reduction of CVD,
29% reduction of stroke, and 31% reduction of diabetes [20].

ES 95% CI w Sig. N
A Bel-Serrat (b) 2012  0.53 023,120 1.44% 0132 5548
Larsson 2011 0.80 0.66,0.99 11.40%  0.031 33372
Lewis (a) 2010 0.76 062,093 11.44% 0.008 1216
Lewis (b) 2010 067 0.50,091 7.46%  0.009 1216
Lewis (c) 2010  0.47 0.27,0.82 292%  0.007 1216 -
Lewis (d) 2010  0.87 0.77,0.98 15.95%  0.027 1090
Mink (a) 2007  0.85 0.70,1.03 11.89%  0.099 34489

Mink (b) 2007  0.92 0.84,1.00 17.85%  0.061 34489

Mink (c) 2007  0.97 0.86,1.09 16.10% 0.614 34489

Mostofsky 2010  1.78 1.08,292 3.85% 0.023 s217

Overall (random-effects model)  0.85 0.77,0.95 100.00% 0.003 152342

B

ES 95% CI w Sig. N

Bel-Serrat (a) 2012 020 0.07,0.56 487%  0.002 5548 —-—
Khawaja 2015 1.03  0.88,1.20 34.01% 0735 6658
Larsson2012 083 0.70,099 33.03% 0.035 37103
Petrone 2014 0.86  0.67,1.10 28.09% 0.224 7218

Overall (random-effects model)  0.84 0.66,1.07 100.00% 0.164 56527

Fig. 7. Forest plots of the meta-analysis comparing chocolate intake in the pre-
vention of cardiovascular risk by sex (A) women; (B) men. ES, effect size.

The majority of the included studies reported a significant
reduction of CVD risk in association with higher levels of choc-
olate intake after adjustment for potential confounders,
including age, physical activity, BMI, smoking status, dietary
factor, education, and drug use.

Some issues need to be taken into account when interpreting
the results of the present meta-analysis. Although FFQ is a well-
established method for quantifying dietary information, it has
some limitations: Chocolate intake could be underestimated
because chocolate and cocoa are often used as ingredients in
food formulation. In some cases, the FFQ could not distinguish
between milk chocolate and dark chocolate. This distinction is
important because the cocoa content is lower in milk than in
dark chocolate; furthermore, milk could reduce the bioavail-
ability of flavonols [52]. Another limitation is that chocolate
intake was self-reported and measured at baseline only.
Misclassification or underreporting could result in a low grade of
association. Also, individuals might consume chocolate in a di-
etary pattern characterized by frequent snacking and high-
energy foods. The high caloric value provided by high content
of sugar and fat of commercial chocolate snack should be taken
into account before generalizing the results. Bias due to different
categories of chocolate intake established in the primary studies
is also possible. In fact, it is possible that some of the studies have
defined the cutoff differently in postanalysis (serving, portion,
rare versus frequent, etc.). All the aforementioned limitations can
explain the different results between trial and observational
studies included in the present analysis. Moreover, the lack of
clear information on the type of chocolate (milk, dark, or white)
being consumed in primary studies did not allow us to identify
which chocolate provides the biological and health-promoting
effects. Probably, the protective effect should be ascribed to co-
coa. Future studies need to focus on this particular aspect.

The strength of the present meta-analysis is the large number
of participants (344 453), both women and men ranging from 2
to 93 y of age. Another strength of this study is the subgroup
analysis. Actually, knowledge about intervention effectiveness in
different subgroups is particularly important for a decision
maker in public health [53]. To the best of our knowledge, this is
the first meta-analysis to assess the risk for CVD separately in
women and men. As previously mentioned, women have the
highest mortality rate [1], and at the same time in the present
meta-analysis, women represented the group that realizes the
most important beneficial effects of chocolate consumption.
Further epidemiologic studies are needed to confirm these re-
sults and to quantify the effects of behavior change in this
particular category. Moreover, the majority of the included
studies performed a complete follow-up (a mean of ~10 y).
Another important aspect of the present analysis is that the risk
for the different outcomes (AMI, stroke, HF, CHD) was considered
simultaneously and separately. To obtain more accurate data and
to minimize statistical errors, some of the study authors were
contacted by e-mail.

Conclusion

Findings from the present analysis agree on a potential
beneficial association of chocolate consumption with a lower risk
for CVDs. These results do not exclude that overconsumption of
chocolate/cocoa can have harmful effects. Further studies are
required to confirm these data before any recommendations
about chocolate intake can be made. In particular, it is important
to focus attention on the different types of chocolate (milk or
dark chocolate, and chocolate or cocoa in snacks). In fact, snacks
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with or without chocolate are very rich in sugar, saturated fat,
and calories and for this reason they should be consumed in
moderation. Moreover, the included studies do not specify the
percentage of cocoa intake nor the type of chocolate consumed.
This limit does not allow a clear indication of which chocolate is
responsible for the beneficial effect, but it can probably be
ascribed to the amount of cocoa in the chocolate. Future studies
are needed on these aspects.
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