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Abstract

Chocolate is a rich dietary source of various bioactive flavonoid compounds. Despite being 

one of the most popular foods worldwide, the association between chocolate consumption and 

long-term mortality remains unclear. The objective of this study is to determine the associations 

between chocolate consumption and long-term overall and cause-specific mortality, to evaluate 

dose–response and potential mediators, and to conduct an updated meta-analysis based on 

prospective cohort studies. We performed a prospective analysis in the Alpha-Tocopherol, Beta-

Carotene cancer prevention (ATBC) Study with a total of 27,111 men who were recruited between 

1985 and 1988 and followed through 2015. Exposure data of daily chocolate consumption 

was obtained from validated baseline food frequency questionnaire. Hazard ratios (HRs) and 

30-year absolute risk differences (ARDs) including 95% confidence intervals (CI) for overall and 

cause-specific mortality were estimated using multivariable-adjusted Cox proportional hazards 

regression models. An updated meta-analysis of cohort studies was also conducted. During 

482,807 person-years of follow-up, a total of 22,064 men died. The multivariable analyses 

showed a statistically significant inverse association between chocolate consumption and risk 

of overall mortality, with HRs of 0.91, 0.89, 0.89, and 0.88 for the increasing categories 2–5 as 

compared with those in the lowest category (Ptrend < 0.0001, and P for nonlinearity < 0.0001). 

We observed significantly lower mortality from cardiovascular disease (CVD), heart disease and 

cancer, representing 13%, 16% and 12% risk reductions for the highest compared to lowest 

chocolate category, respectively (all Ptrend ≤ 0.002; all P for nonlinearity < 0.0001). The inverse 

associations of chocolate consumption with risk of overall, CVD and heart disease mortality 

were generally consistent across cohort subgroups (e.g., body mass index and serum cholesterol). 
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Mediation analysis showed that 4.3% of the inverse association of chocolate and overall mortality 

was mediated through reducing blood pressure. Within the updated meta-analysis of cohort studies 

(21 risk estimates, 908,390 participants and 65,407 events), greater consumption of chocolate 

(per 5 g/day) was associated with a lower risk of CVD incidence and mortality (pooled relative 

risk = 0.98, P value < 0.001; P for nonlinearity < 0.001). The predefined subgroup analyses 

generally revealed consistent inverse chocolate-CVD risk associations. In this prospective study, 

calorie-balanced greater consumption of chocolate was inversely associated with lower overall, 

CVD, heart disease and cancer mortality. The systematic review and meta-analysis provide support 

for the inverse chocolate-CVD association. Our findings may provide evidence to partially allay 

concerns regarding adverse health outcomes from low-to-moderate chocolate consumption.
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Introduction

Being one of the most popular foods worldwide, chocolate is a rich source of 

various bioactive flavonoid compounds, including catechin, epicatechin, procyanidins and 

theobromine [1]. Compared to other foods such as tea, apples and red wine, cocoa that 

mainly consumed as chocolate, contains significantly greater concentrations of flavonoids 

per serving [2] which has favorable implications for cardiovascular health benefits based 

on their anti-oxidant, anti-inflammatory, anti-hypertensive and anti-thrombotic properties [3, 

4]. In addition, findings from small, short-term intervention trials demonstrated that greater 

chocolate consumption may improve lipid profiles by increasing HDL cholesterol, reducing 

LDL cholesterol and intimal peroxidation, and enhancing endothelial function [5, 6].

Despite such long-standing interest in the health effects of chocolate, whether or not 

to include it in dietary recommendations for cardiovascular disease (CVD) prevention 

remains controversial. The European Food Safety Authority (EFSA) suggested daily 

intake of 10 g high-flavanol dark chocolate might contribute to vasodilatation without 

compromising a balanced diet [7]. On the other hand, the fact that chocolate continues to be 

considered confectionaries and sweets in several food classification systems, and that lower 

consumption of this group has been associated with improved health outcomes, has led to 

dietary recommendations to consume less chocolate [8, 9].

Recent population-based prospective cohort studies and meta-analyses have examined the 

association between chocolate consumption and CVD risk [1, 8, 10–17]. Some studies 

observed inverse associations, including for coronary artery disease, coronary heart disease, 

stroke, and heart failure [1, 8, 10, 17], while others found no association for coronary heart 

disease, heart failure, stroke, or atrial fibrillation [14, 15]. Even so, data remain sparse for 

the long-term dose–response association between chocolate consumption and overall and 

cause-specific mortality risk, and mediation of the hypothesized inverse chocolate-mortality 

associations by serum biomarkers has not been evaluated.
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We conducted the present study in order to comprehensively examine the relationships 

between chocolate consumption and risk of overall and cause-specific mortality in the 

Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study of 27,000 participants 

followed for up to 30 years. A secondary mediation analysis assessed to what degree 

the chocolate-mortality associations were mediated through serum anti-oxidants, lipids and 

blood pressure. We further conducted an update meta-analysis of chocolate consumption and 

risk of CVD incidence and mortality that incorporate our new results.

Methods

Study population

The ATBC Study is a prospective cohort of 29,133 men who at baseline were 50 to 69 

years of age, smoked five or more cigarettes per day, and were enrolled from 14 study 

centers in southwestern Finland between 1985 and 1988 [18]. Participants were asked to 

complete questionnaires related to lifestyle and behavioral characteristics, including age, 

smoking density and duration, physical activity, educational level, and medical history. 

Height, weight, and blood pressure were measured and overnight fasting blood samples 

were collected by professional study nurses at the baseline visit, and the blood samples 

were stored at − 70 °C until further assays. Written informed consent was provided by all 

participants at enrollment, and the approvals of the ATBC Study have been received from 

the Institutional Review Boards at the Finnish National Public Health Institute and the U.S. 

National Cancer Institute.

Assessment of dietary data

Data for usual diet over the preceding 12 months were collected through a self-administrated 

food frequency questionnaire that included a color picture booklet guide for portion size 

estimation, and the participants provided information on portion size and frequency for 

203 food items and 73 mixed dishes. A previous study examined the reproducibility and 

validity of our dietary history questionnaire, and reported a range of 0.6–0.7 of intraclass 

correlation coefficients for most food items, and the correlation coefficients between values 

of candy intake (which included chocolate) from the food records and the food frequency 

questionnaire ranging from 0.51–0.59, which reflect good validity and reproducibility [19, 

20]. The frequency consumption and portion size of chocolate candy from the dietary 

questionnaire (Supplemental Fig. 1) were used to calculate the amount of chocolate 

consumed per day for this study. In total, 93% of participants completed the food frequency 

questionnaire, leaving 27,111 participants in the final analysis.

Outcome ascertainment

The primary outcomes were all-cause and cause-specific mortality. Vital status was 

ascertained through linkage with the Causes of Death Registry, Statistics Finland. Details 

of cause of death are provided in Supplemental Table 1.

Statistical analysis

All the participants were followed from study enrollment in 1985–1988 until death or the 

end of follow-up (December 31, 2015), whichever occurred first. To control for the influence 
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of total energy intake, we used the nutrient density method and divided all nutrients by total 

energy intake, and additionally adjusted for energy intake in the regression models. Category 

(C) 1 included men with no chocolate consumption and categories 2–5 equally divided 

into fourths of the distribution of daily chocolate consumption (nutrient density approach 

[unit = gram/kJ]: C2 > 0– < 0.11, C3 0.11– < 0.24, C4 0.24– < 0.47, and C5 ≥ 0.47). 

We used Cox proportional hazards regression models with person-time as the underlying 

time-metric and stratified by age group quintiles to examine the hazard ratios (HRs) 

and 95% confidence intervals (CIs) for the association between chocolate consumption 

(category) and risk of all-cause and cause-specific mortality. For the cause-specific analyses, 

mortality from causes other than the cause of interest was treated as a censored event at 

the time of death. The proportional hazards assumption was assessed through likelihood 

ratio tests that compared models with and without a cross-product interaction term between 

follow-up time and chocolate consumption (categories). Model 1 was adjusted for age at 

entry and daily energy intake. The multivariate Model 2 further adjusted for body mass 

index, cigarettes smoked per day, years of smoking, serum HDL and total cholesterol, 

intervention assignment, education, physical activity, alcohol consumption, and the Alternate 

Mediterranean Diet Score (details of which are provided in the Supplemental Table 2). 

The fully adjusted Model 3 additionally adjusted for systolic and diastolic blood pressure, 

history of cardiovascular disease and diabetes. Based on the adjusted survival curves and 

estimated HRs, adjusted absolute risk differences (ARD) were calculated for chocolate 

consumption at the maximum follow-up of 30 years, and the corresponding 95% CIs were 

estimated using a bootstrap method (n = 300 bootstrap samples). We used cubic-restricted 

spline regression to evaluate the possible nonlinear associations between chocolate and 

overall and cause-specific mortality by selecting four knots at the 5th, 25th, 75th, and 

95th percentiles of the daily chocolate consumption. Based on the above-mentioned Cox 

proportional hazards regression models, we conducted mediation analyses to estimate the 

portion of the associations of chocolate consumption with risk of overall mortality and 

mortality from CVD and heart disease that were mediated through concentrations of the 

serum biomarkers alpha-tocopherol, retinol, total cholesterol, HDL cholesterol, as well as 

systolic and diastolic blood pressure [21].

We conducted stratified analyses by age at baseline (< 57, or ≥ 57 years, median split), 

number of cigarettes smoked daily (< 16, 16 to < 20, or ≥ 20), BMI (< 30, or ≥ 30 kg/

m2), history of cardiovascular disease at baseline (no, or yes), trial intervention arm (alpha-

tocopherol or no alpha-tocopherol; beta-carotene or no beta-carotene), eating a high-quality 

diet (defined by Alternate Mediterranean Diet Score: no [≤ 28], or yes [> 28]), saturated 

fatty acid intake (low/medium, or high), serum total cholesterol (< 205, or ≥ 205 mg/dL), 

serum alpha-tocopherol (< 11.5, or ≥ 11.5 mg/L), serum beta-carotene (< 172, or ≥ 172 

μg/L), serum retinol (< 577, or ≥ 577 μg/L), and follow-up period (0 to < 13, 13 to < 23, 

or ≥ 23 years). Likelihood ratio tests were used to examine these interactions by comparing 

regression models with or without the interaction terms for the key factors (above categories) 

and chocolate consumption (5th versus 1st category).

We also conducted three sensitivity analyses. 1) To eliminate the potential influence from 

reverse causality, lag analyses excluded the first 5 years of follow-up. 2) To minimize 

the potential biases from preexisting disease on the chocolate consumption, we excluded 
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participants who reported a history of CVD or diabetes at baseline. 3) In order to fully 

control for fruit and vegetable, we additionally adjusted for fruit and vegetable consumption 

in the sensitivity analyses.

All reported P values are two-sided at the type I error rate of 0.05. Missing values (less 

than 5% for any individual covariable) were treated as missing value indicators for each 

covariate included in the model. Multiple comparisons were controlled by the Bonferroni 

correction approach, with a threshold of 0.0063 for main analysis (8 outcomes) and 0.0038 

for subgroup interaction analysis (13 subgroup tests). All the analyses were performed using 

SAS software, version 9.4 (SAS Institute Inc.).

Systematic review and meta-analysis of the relationship between chocolate consumption 
and CVD incidence and mortality

Based on the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 

guidelines [22], we conducted a systematic search and updated meta-analysis including 

the current study and all articles published in electronic databases (PubMed, Embase 

and Web of Science, up to 24 August 2021) that examined the association between 

chocolate consumption and risk of CVD and CVD mortality. Supplemental Table 3 

documented details of the search strategy, and the systematic meta-analysis protocol was 

registered in the international prospective register of systematic reviews (PROSPERO 2021 

CRD42021275088).

Studies were selected if they met the following criteria: prospective cohort studies with 

adult participants (≥ 18 years); at least 0.5-years duration of follow-up; examination of the 

association between chocolate consumption and incidence of CVD and CVD mortality; and, 

provided adjusted relative risks, hazard ratios, or odds ratios with 95% CIs. Information 

extracted from the eligible articles included: first author name; study population and cohort 

name; publication year; country where the cohort was established; sample size; follow-up 

duration; baseline age range of participants; chocolate consumption assessment methods; 

outcome ascertainment methods; number of endpoints; chocolate consumption categories; 

relative estimates and 95% CIs from the fully adjusted model; and, covariates included in 

the multivariable model. Chocolate consumption was quantified by calculating the median 

or midpoint for each category. When the top category was open (e.g., > 45 g/day), we 

multiplied the bottom bound of the top category by 1.75. To estimate the relative risk 

associated with a 5 g/day increment in consumption, the trend for log relative risk was used 

[23]. Person-years were imputed based on available data when person-years data were not 

presented for each consumption category [14, 16, 24–27]. When two relevant CVD events 

were available in one study (e.g., missing a total CVD event parameter), a fixed-effect model 

meta-analysis was performed to combine the relative risks accordingly [26].

We computed the relative risk of CVD and CVD mortality associated with daily chocolate 

consumption (per 5 g/day) for each eligible study and conducted random-effects models 

of meta-analysis for the pooled relative risk. Heterogeneity was assessed using Cochran 

Q-test and the I2 statistic. Each study was removed from the meta-analysis one at a 

time, and relative risks were re-computed to identify the influence of individual studies 

on heterogeneity. In the subgroup analysis, univariate meta-regression analyses based on 

Zhao et al. Page 5

Eur J Epidemiol. Author manuscript; available in PMC 2024 August 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study-level data were performed to evaluate possible sources of heterogeneity, including 

prior selected factors of adjustment for the following: sex, hypertension (yes or no), follow-

up duration (< 10 or ≥ 10 years), number of events (< 1000 or ≥ 1000), and geographic 

location. Random effects models were also conducted to calculate the pooled relative risk of 

CVD for the highest versus the lowest category of chocolate consumption, stratified by BMI, 

smoking, alcohol consumption, and energy intake.

Egger’s tests and funnel plots were performed to explore potential publication bias; with 

evidence of publication bias of P < 0.10, we used the trim and fill method to adjust (R, 

version 4.1.1, meta). We applied the Newcastle–Ottawa Scale to assess the possibility of bias 

in the included studies. In the meta-analysis of prospective cohort studies, we also examined 

possible nonlinear dose–response associations using the cubic-restricted spline regression 

with four knots at the 5th, 25th, 75th, and 95th percentiles of the chocolate consumption per 

day [28]. Stata version 16.0 was used to conduct the meta-analysis.

Results

Chocolate consumption and lifestyle factors

This analysis included 27,111 men whose mean (SD) age was 57.0 (5.0) years at entry. 

Table 1 provides baseline characteristics according to categories of chocolate consumption 

(quartiles 1–4 vs a no chocolate category). Median chocolate consumption (categories 2–5) 

was 2.7 g per day (interquartile range, 1.3 to 5.7) and the mean (SD) was 4.8 (7.5) g per 

day. Compared to men with higher chocolate consumption, those in the lowest category (no 

consumption) tended to be physically inactive, to have higher BMI, lower educational level, 

and higher systolic blood pressure, and were more likely to have a self-reported history of 

CVD and diabetes mellitus. Chocolate consumption was also inversely related to alcohol 

consumption, and positively associated with serum beta-carotene and daily dietary intakes of 

energy, saturated fatty acids, fruit, vegetables, and the Alternate Mediterranean Diet.

Chocolate consumption and overall and cause-specific mortality

During 482,807 person-years of follow-up (31 years of follow-up), there were 22,064 

deaths, including 9121 due to CVD (7457 from heart disease and 1625 from stroke), 7224 

from cancer, 1982 from respiratory disease, 1143 from injuries and accidents, and 2594 

related to all other causes combined. After controlling for several potential confounding 

factors using Model 2, the multivariable analysis showed a statistically significant inverse 

association of chocolate consumption with risk of overall mortality, with HRs of 0.90, 0.87, 

0.87, and 0.86 for categories 2–5 as compared with those in the lowest category (Ptrend 

< 0.0001). The findings remained unchanged when we further adjusted for CVD related 

risk factors including systolic and diastolic blood pressure, history of cardiovascular disease 

and diabetes (Model 3), with the HRs of 0.91, 0.89, 0.89, and 0.88 for categories 2–5 as 

compared with those in the lowest category (Table 2).

After adjustment for several potential confounding factors in the Model 2, the inverse 

associations of chocolate were observed for CVD, heart disease and cancer mortality, 

representing 17%, 20% and 13% risk reductions in participants for those in the highest 
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category of daily consumption compared with the lowest, respectively (all Ptrend ≤ 0.0009). 

The findings remained relatively unchanged when we further adjusted for CVD related risk 

factors (Model 3), representing 13%, 16% and 12% risk reductions in participants for those 

in the highest category compared with the lowest, respectively (all Ptrend ≤ 0.002; Table 2). 

By contrast, we found no significant linear associations between chocolate consumption and 

risk of mortality from stroke, respiratory disease, injuries and accidents, and other causes 

(Table 2).

We also conducted a 4-knot restricted cubic spline analysis that modeled chocolate 

consumption as a continuous variable to examine dose–response associations and found that 

overall, CVD and heart disease mortality significantly decreased until daily consumption 

reached 2 g and then remained stable (Fig. 1). No association of chocolate consumption was 

found for stroke mortality in this dose–response analysis (Fig. 1).

Table 3 provides results from the mediation analyses of chocolate consumption that showed 

4.3% and 1.5% of the chocolate-overall mortality, 4.1% and 1.4% of chocolate-CVD 

mortality, and 3.2% and 1.0% of the chocolate-heart disease mortality associations were 

mediated through systolic and diastolic blood pressure, respectively. By contrast, serum 

alpha-tocopherol (vitamin E) and total cholesterol played marginal roles and accounted for 

only 3.1% and 1.3% of the association with overall mortality. Other serum biomarkers 

we examined including retinol (vitamin A) and HDL cholesterol were unrelated to the 

chocolate-mortality association.

Chocolate consumption and overall mortality in cohort subgroups

Figure 2 and Supplemental Figs. 2, 3 present findings from stratified analyses of key 

cohort subgroups mutually adjusted for several confounding factors (Model 3). The HRs of 

mortality for men in the highest category of chocolate consumption compared with those 

in the lowest category showed generally similar associations for overall, CVD and heart 

disease mortality across subgroups of age, smoking intensity, BMI, history of cardiovascular 

disease, trial intervention arm, consumption of a high-quality diet, saturated fat intake, 

serum concentrations of total cholesterol, alpha-tocopherol, serum beta-carotene and retinol, 

and length of follow-up. One exception was a stronger inverse association for overall 

mortality among men who were younger than 57 years at baseline (HR = 0.81, 95% CI, 

0.75 to 0.87; the corresponding adjusted ARD = − 1.95%, 95% CI, − 3.09% to − 0.92%; 

men with age ≥ 57 years at baseline: HR = 0.94, 95% CI, 0.89 to 1.00; the corresponding 

adjusted ARD = − 0.20%, 95% CI, − 0.70% to 0.31%; Pinteraction = 0.001; Fig. 2).

Sensitivity analyses of chocolate consumption and overall and cause-specific mortality

Our findings remained unchanged when we excluded the first 5 years of cohort follow-up 

(overall mortality, fifth versus first category: HR = 0.88, 95% CI: 0.84, 0.92; Ptrend < 0.0001, 

Supplemental Table 4) or we excluded 11,626 men with a history of CVD or diabetes at 

baseline (overall mortality, fifth versus first category: HR = 0.89, 95% CI: 0.84, 0.95; Ptrend 

= 0.001, Supplemental Table 5). Similarly, the risk estimates were not materially altered 

when we additionally adjusted for fruit and vegetable consumption (overall mortality, fifth 
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versus first category: HR = 0.89, 95% CI: 0.85, 0.93; Ptrend < 0.0001, Supplemental Table 

6).

Systematic review and meta-analysis

Our initial search identified 334 articles after exclusion of duplicate studies. Following 

screening titles and abstracts, 55 articles were reviewed in full, of which 19 were included 

in the meta-analysis (Supplemental Table 3) [3, 14–17, 24–27, 29–38]. Supplemental Fig. 4 

portrays the study selection process.

Characteristics of the studies included in the analysis are reported in Supplemental Tables 

7 and 8. Of the 19 studies, 12 were from Europe, 5 from North America (United States), 1 

from Asia (Japan), and 1 from Oceania (Australia). Based on the Newcastle–Ottawa quality 

assessment scale, 13 studies (including the present study) received a score of seven or eight, 

indicating a low risk of bias (Supplemental Table 9).

The 19 studies of chocolate consumption and risk of CVD and CVD mortality encompassed 

21 risk estimates, 908,390 participants and 65,407 events. The summary effect size of CVD 

risk and mortality for consumption of 5 g additional chocolate per day was 0.98 (95% 

CI: 0.98, 0.99). We found significant heterogeneity between studies for CVD risk (I2 = 

65.2%, P < 0.001; Fig. 3), although no single study disproportionately accounted for it 

(Supplemental Fig. 5). Visual inspection of funnel plot and Egger’s linear regression test 

demonstrated evidence of a possible publication bias (P value for Egger’s test = 0.001; 

Supplemental Fig. 6), whereas trim and fill method adjusted risk estimates suggested the 

results from meta-analysis were not remarkably influenced by publication bias with no 

change on the overall risk estimate (adjusted relative risk = 0.988, 95% CI: 0.976, 0.999; P = 

0.04; Supplemental Fig. 7).

The predefined subgroup analyses showed consistent inverse chocolate-CVD risk 

associations in most subgroup comparisons, with the exception of smoking status (P 

for interaction = 0.02) where the inverse association appeared stronger in non-smoking 

participants (pooled relative risk = 0.77, 95% CI: 0.69, 0.86; I2 = 37.3%) as compared with 

current or former smoking participants (pooled relative risk = 0.89, 95% CI: 0.85, 0.93; I2 

= 33.0%; Supplemental Tables 10 and 11). In the meta-analysis of 19 cohort studies, we 

performed a 4-knot restricted cubic spline regression analysis which found that CVD risk 

and CVD mortality decline with increasing daily chocolate consumption only up to 5 g, with 

relatively stable risk and mortality across higher consumption levels (Fig. 4).

Discussion

In this large prospective Finnish cohort study with 30 years of follow-up, we found 

statistically significant inverse associations between chocolate consumption and overall 

mortality and mortality from cancer, CVD and heart disease (but not stroke), with a 12% 

risk reduction overall for participants having the highest (versus no) chocolate consumption. 

The inverse association was generally unchanged across key cohort subgroups but was 

somewhat stronger among younger men. Interestingly, the mediation analysis showed that 

4.3% (1.6% to 11.1%) of the chocolate-overall mortality and 4.1% (1.5% to 10.5%) of 
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the chocolate-CVD mortality associations were mediated through systolic blood pressure. 

Findings from this updated meta-analysis provided further evidence of a significant inverse 

association between chocolate consumption and CVD risk and CVD mortality, although 

considerable heterogeneity was observed between studies (I2 = 65.2%).

The restricted cubic spline analysis showed that as the consumption of chocolate increased, 

overall and CVD mortality was reduced, with the non-linear pattern of a mortality nadir for 

chocolate consumption at a modest dose of 2 g/day which might also reflect the frequency of 

consumption (i.e., 14 g once a week). In the meta-analysis of 19 studies, our results suggest 

a threshold association for CVD risk and CVD mortality, without additional benefit found 

beyond 5 g/day. This requires reexamination of the amount of daily chocolate consumption 

for the maximal risk reduction in other more diverse populations. Relatively few studies 

have evaluated the association between chocolate consumption and cause-specific mortality. 

The Leisure World Cohort Study of more than 13,000 U.S. participants showed that 

infrequent consumption of a few times/months or less (versus none) was associated with 

6% reduced risk of mortality, while there was no association for frequent use (i.e., daily 

or at least a few times/week) [39]. Regarding CVD risk, a meta-analysis of 23 cohort 

studies representing 405,304 participants showed that chocolate consumption of less than 

100 g/week (versus no consumption) was associated with lower risk [11], consistent with 

another recent meta-analysis that found small inverse associations for risk of coronary heart 

disease (n = nine studies) and stroke (n = eight studies) (4% and 10%, respectively), but 

not for heart failure (n = six studies) or type 2 diabetes (n = six studies; for each 10 

g/day increase consumption) [8]. By contrast, the Women’s Health Initiative (WHI) cohort 

of 83,310 women followed for 13.4 years showed no association between chocolate and 

coronary heart disease or stroke risk [14]. There are relatively few studies of chocolate 

consumption and cancer mortality, with the WHI and PLCO studies not finding associations 

for cancer risk or mortality [27, 40]. By contrast, we observed a weak chocolate-cancer 

mortality association that is consistent with findings for the association between flavonoid 

intake and cancer-related mortality in the Danish Diet Cancer and Health Cohort [41]. In the 

Danish study, the authors reported that the threshold of flavonoid intake for the protective 

association was higher for cancer-related mortality (approximately 1000 mg/day) than for 

CVD mortality (500 mg/day). This association pattern is similar to that observed in the 

present study; i.e., an inverse chocolate-CVD mortality association for participants across 

the consumption categories of 2 to 5 (compared to the lowest), while the inverse association 

with cancer mortality appeared only for participants in the highest consumption category, 

suggesting a higher consumption threshold for cancer mortality reduction.

Underlying biological mechanisms for the observed inverse chocolate-CVD mortality 

associations are not known, although beneficial roles for some ingredients of chocolate 

products have been proposed. Polyphenolic flavanols are the primary bioactive compounds 

present in cocoa extracts [10], and evidence accumulating from laboratory experiments 

and clinical trials suggests mechanisms relevant to cardiometabolic health, including 

antioxidative and anti-inflammatory effects of flavonols and other constituents [6, 12, 

42–44]. Greater flavanol intake may also decrease platelet activation and adhesion, of 

relevance to the pathogenesis of atherothrombosis [45–47]. A comprehensive meta-analysis 

of 42 acute or short-term randomized controlled trials demonstrated that chocolate, cocoa 
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and flavanol intake can beneficially impact flow-mediated vasodilatation, increase HDL 

cholesterol, and decrease diastolic blood pressure, triglycerides, and mean arterial pressure 

[5]. In addition, findings from in vivo and in vitro studies suggest that flavonoids can 

exert antioxidant activities through regulation of nitrous oxide (NO) metabolism to improve 

endothelial NO synthase expression and activity and reduce reactive oxygen species [43, 48–

50]. Decreased inflammatory cell infiltration and cytokines through the suppression of NF-

κB signaling pathway has also been shown [51–53]. Aside from flavonoids, other bioactive 

substances in chocolate may also exert beneficial cardiovascular effects; for example, 

theobromine and beta-carotene. Theobromine appears to decrease blood pressure and LDL 

cholesterol and increase HDL cholesterol concentrations [8, 54, 55]. In the present study, our 

data provide evidence supporting the hypothesis that systolic and diastolic blood pressure 

may play a mediating role also in the observed inverse associations of chocolate with overall 

and CVD mortality (overall mortality: 1.6% to 11.1% for systolic blood pressure, and 0.5% 

to 4.2% for diastolic blood pressure). This is consistent with earlier findings showing that 

chocolate consumption was associated with reduced CVD risk in part by decreasing blood 

pressure [3, 56].

Strengths of our study include the large sample size and number of events, completeness 

of serum biomarkers measured within the cohort, and long-term follow-up with full 

ascertainment of cause-specific mortality through national registries. These study qualities 

enabled a robust examination of chocolate-cause-specific mortality associations and effect 

modification by population characteristics and risk factors, and permitted mediation analyses 

for important serum biomarkers as well as systolic and diastolic blood pressure. The 

large sample size of our meta-analysis afforded greater statistical power than do single 

studies (including our own), including for quantitative examination of the chocolate-CVD 

association in important population subgroups where we found generally similar risk 

estimates across strata of sex, hypertension, cohort geographic location, event numbers, and 

follow-up duration. Limitations of the study should also be noted. First, our dietary data for 

chocolate consumption was self-reported, but any measurement error from nondifferential 

misclassification would likely underestimate the associations (i.e., bias toward the null). 

Also, the associations remained materially stable when the follow-up was divided into 

early and later event periods. Second, despite the multivariable adjustment for multiple risk 

factors, we cannot completely preclude the possibility of potential residual confounding 

due to the observational nature of the study design. However, if the residual confounding 

from healthy lifestyle factors were responsible for the observed associations, we would 

not find the outcome specificity. Additionally, our findings are observational and do not 

represent cause and effect (i.e., causality). Third, generalization of the study findings to 

other populations might be limited due to the study having enrolled only male smokers of 

European ancestry. Given the fact that our study is based on a cohort with low-to-moderate 

chocolate consumption, generalization of our findings of benefit to substantially greater 

consumption should be limited, and requires re-examination in other populations.

In summary, this large prospective cohort analysis found that calorie-balanced greater 

chocolate consumption was significantly associated with lower risk of overall, CVD, heart 

disease and cancer mortality. The inverse chocolate-mortality associations were generally 

homogeneous across key subgroup factors and were partially mediated by reducing systolic 
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and diastolic blood pressure. The systematic review and updated meta-analysis provide more 

comprehensive evidence and lends support to the inverse chocolate-CVD association. The 

optimal consumption level and maximal risk reduction should be further explored. Our 

findings may provide evidence to partially allay concerns regarding adverse health outcomes 

from low-to-moderate chocolate consumption, and these findings should be replicated in 

additional prospective studies.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Risk of overall and cause-specific mortality according to daily chocolate consumption 

using cubic spline regression model. a Overall mortality. b Cardiovascular disease (CVD) 

mortality. c Heart disease mortality. d Stroke mortality. The solid line denotes the HR of 

mortality according to chocolate consumption with knot spline (four knots were selected 

at the 5th, 25th, 75th, and 95th percentiles of chocolate consumption; dashed lines were 

used to represent the 95% CIs). There were 27,111 participants in the final analyses. The 

number of events is 22,064, 9121, 7457 and 1625 for overall-, CVD-, heart disease- and 

stroke-mortality, respectively
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Fig. 2. 
Risk of overall mortality associated with daily chocolate consumption by selected factors 

in the ATBC study. ATBC = Alpha-Tocopherol, Beta-Carotene Cancer Prevention; HDL 

= high-density lipoprotein, HR = hazard ratio. Multivariable models were adjusted for 

age at entry, body mass index, cigarettes smoked per day, years of smoking, serum 

HDL cholesterol, intervention assignment, systolic and diastolic blood pressure, history of 

cardiovascular disease, diabetes, education, physical activity, and daily dietary total energy, 

alcohol, and Alternate Mediterranean Diet Score. Absolute risk differences and hazard ratios 

of overall mortality are for the 5th versus 1st category of chocolate consumption per day
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Fig. 3. 
Association between chocolate consumption (per 5 g/day) and risk of CVD incidence and 

mortality using random effects meta-analysis. Squares denote study-specific relative risk. 

Grey square areas are proportional to each single study that weighted to the overall meta-

analysis. Horizontal lines represent 95% CI. I2 reflects the heterogeneity among studies. 

AF = atrial fibrillation; BMI = body mass index; CAD = coronary artery disease; CHD = 

coronary heart disease; CVD = cardiovascular disease; HF = heart failure; MI = myocardial 

infarction
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Fig. 4. 
Association between daily chocolate consumption and risk of cardiovascular disease using 

a cubic spline model. The solid line denotes the relative risk of cardiovascular disease 

according to chocolate consumption, and the spline based on four knots selected at the 

5th, 25th, 75th, and 95th percentiles of chocolate consumption; dashed lines were used to 

represent the 95% CIs (Pnon-linearity < 0.001). The analysis included 878,990 participants 

from 19 cohort studies
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