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Objective: To conduct a comprehensive systematic review and meta-analysis to compare mortality and other 

clinical outcomes associated with chili pepper (CP) consumption versus no/rare consumption of CP. 

Methods: A comprehensive search was performed using Ovid, Cochrane, Medline, EMBASE, and Scopus from 

inception till January 16, 2020. Observational studies and randomized controlled trials were included, while 

pediatric/animal studies, letters/case reports, reviews, abstracts, and book chapters were excluded. All-cause 

mortality was studied as the primary outcome. Cardiovascular mortality, cancer-related deaths and cerebrovas- 

cular accidents were studied as secondary outcomes. 

Results: From 4729 studies, four studies met the inclusion criteria. Random effects pooled analysis showed that 

all-cause mortality among CP consumers was lower, compared to rare/non-consumers, with a hazard ratio (HR) 

of 0.87 [95% CI: 0.85–0.90; p < 0.0001; I 2 = 1%]. HR for cardiovascular mortality was 0.83 [95% CI: 0.74–0.95; 

p = 0.005, I 2 = 66%] and for cancer-related mortality as 0.92 [95% CI: 0.87–0.97; p = 0.001; I 2 = 0%]. However, 

the HR for CVA was 0.78 [95% CI: 0.56–1.09; p = 0.26; I 2 = 60%]. The mode and amount of CP consumption 

varied across the studies, and data were insufficient to design an optimal strategy guiding its intake. 

Conclusion: Regular CP consumption was associated with significantly lower all-cause, cardiovascular, and cancer- 

related mortalities. However, based on current literature, it is difficult to derive a standardized approach to guide 

the optimal mode and amount of CP consumption. This warrants well-designed prospective studies to further 

investigate the potential health benefits of CP consumption. 
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. Introduction 

Diet and nutrition play an important role in population health due

o its mortality and cardiovascular disease prevention benefits [1–3] .

lant-based and Mediterranean diets are recommended by the American

ollege of Cardiology (ACC) and the American Heart Association (AHA)

or the primary prevention of cardiovascular disease [4] . Diet modifica-

ions such as reduced intake of sodium, saturated fat, and refined car-

ohydrates, and limiting intake of added sugars and red meats have
Abbreviations: ACC, American College of Cardiology; CP, chili pepper; CVA, cere
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hown to decrease the risk of mortality, compared to standard Western

iets [5] . 

Foods such as fruits, vegetables, nuts, legumes, seafood and whole

rains are known to decrease the risk of cardiovascular diseases [4–

] . Some of the beneficial effects are mediated through micronutrients,

uch as iron, iodine and vitamin D, influencing physiological function

f major organ systems [7–9] . 

Since 7000 BCE, CP has been one of the most popular and regu-

arly used culinary spice across the world [10] . It is known for its anti-
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besity, blood glucose regulation, anti-inflammatory, anti-oxidant and

nti-cancer effects [11–13] . Previously published population based stud-

es have reported that consumption of CP reduces all-cause mortality

14–17] . The benefit of chili pepper (CP) is attributed to the chem-

cal compound, capsaicin, with potential cardio-protective, weight-

educing, and anti-tumorigenic effects [18] . However, the prior stud-

es are non-randomized and there is a lack of medical equipoise on this

opic, making it difficult to derive causal inference between CP con-

umption and mortality. Further, the mode and quantity of CP intake

eed further evaluation to develop a standardized approach to achieve

ptimal health benefits. 

Hence, we designed this systematic review and meta-analysis to

tudy the health impact of CP consumption on all-cause, cardiovascular,

ancer-related mortality, and cerebrovascular accidents (CVAs). 

. Methods 

.1. Study design and population 

This meta-analysis was designed to study the effect of CP con-

umption on all-cause, cardiovascular, cancer-related and cerebrovas-

ular mortality using the population, intervention, comparison, and

utcomes (PICO) framework [19] (PROSPERO registration number:

RD42021258687). Our population included: adults ( ≥ 18 years); in-

ervention group as those who regularly consumed CP and compared

o those who rarely/never consumed CP. Regular (and rarely/never)

onsumers are defined as per documentation in these published stud-

es. Outcomes included all-cause mortality as the primary, while cardio-

ascular mortality, cancer-related deaths and CVAs as secondary. Study

evel data was pooled from the selected articles for our analysis. 

.2. Literature search strategy 

A comprehensive search strategy was performed on databases: MED-

INE, Ovid Embase, CINAHL Plus Full Text from EBSCO, Cochrane (Wi-

ey) Central Register of Controlled Trials, and two platforms in Web of

cience: Science Citation Index-Expanded and BIOSIS Citation Index.

tudies in all languages were included from inception until January 16,

020. The search strategy was constructed to retrieve published arti-

les reporting the impact of CP intake on outcomes of our interest. Key

ords and truncation were used to capture plurals or alternative word-

ng. Indexing terms were “exploded ” to capture all possible concepts.

he search terms and strategy are available in online supplemental (OS

). 

.3. Data extraction and quality assessment 

Two independent reviewers (MK and LZ) reviewed the identified

tudies according to Preferred Reporting Items for Systematic Reviews

nd Meta-Analyses (PRISMA) guidelines [20] . Any conflict or disagree-

ent was resolved by discussion with another reviewer (BX). Data were

xtracted and tabulated from the primary manuscripts text, figures, and

ables. Covidence application was used to manage the systematic re-

iew process and to maintain adherence to PRISMA guidelines [20] .

ewcastle-Ottawa scale for cohort studies was used to evaluate the qual-

ty of the included studies. 

.4. Statistical analysis 

Inverse variance method along with DerSimonian-Laird estimator

standard approach) and Sidik-Jonkman estimator with Hartung-Knapp

djustment (modified approach) for random effects model was applied.

alculations are made using both approaches to evaluate between-study

ariances. Hazard ratio along with 95% confidence interval was calcu-

ated as effect sizes to detect any differences in the outcomes of our

nterest between the intervention and control groups. P-value < 0.05
2 
s considered significant. I 2 test was used to assess heterogeneity as

ow ( < 25%), moderate (25–50%) and high ( > 50%). For outcomes with

 

2 
> 50% sensitivity analysis was conducted by re-calculating effect sizes

fter removing the study with highest overall heterogeneity contribu-

ion. Meta-regression and publication bias to evaluate for small study

ffect was planned. Statistical analysis including generation of figures

as performed using software RStudio (Version 1.0.136 – © 2009–2016

Studio, Inc.; packages - Meta, metaphor, metagen, dmetar and r meta).

. Results 

.1. Literature search 

7122 articles were identified after the initial database search, of

hich 2393 duplicates were removed. Initial screening for PICO frame-

ork included 4729 articles. Subsequently, 4701 articles were excluded

ue to not being pertinent to the intervention or outcome of our inter-

st, or being non-observational, such as review articles, case reports,

bstracts, letters to the editor, animal and pediatric studies. During

ull-text screening of 28 studies, we excluded 24 studies, mainly due

o studies reporting outcomes not meeting our inclusion criteria. After

RISMA screening, only four studies met the criteria for quantitative

eta-analysis ( Fig. 1 ). 

.2. Study and participant characteristics 

The included studies were found to be observational [14–17] and

onducted in different continents: Iran [14] , China [15] , Italy [16] and

nited States (US) [17] ( Table 1 ). It generated a pooled cohort

f 570,762 participants between 18 and 79 years of age with

iverse cultural and ethnical backgrounds. CP was consumed by

5.4% (259,184/570,762) study subjects, and the remaining 54.6%

311578/570,762) rarely/never consumed it. 

A description of the included studies, patient selection criteria and

atient characteristics are shown in Tables 1 , 2 and 3 , respectively.

n brief, Bonaccio et al. reported CP consumption impact on all-cause

nd cardiovascular, cancer-related and cerebrovascular mortalities in

2,811 Italian participants (2005 to 2010) using the EPIC (European

rospective Investigation Into Cancer) food frequency questionnaire

FFQ) [16] . Hashemian et al. reported the impact of chili and black pep-

er consumption on all-cause, cardiovascular and cancer-related mor-

alities in 38,383 prospectively enrolled Iranian participants (2004 until

008) using a 116-item FFQ. This study reported outcomes of spice con-

umption (i.e. turmeric, pepper, cinnamon and saffron) of which data

pecific to pepper was extracted for our analysis [14] . Lv et al. reported

he impact of CP consumption on mortality in 487,375 Chinese partici-

ants (2004 until 2008) using “how often do you eat spicy food ” ques-

ionnaire [15] . A US based cohort from National Health and Nutrition

xamination Survey (NHANES) evaluated 16,179 participants (1988 to

994) using an 81-item FFQ. Dataset was linked with National Death

ndex to study the association of CP intake with all cause and specific

ause mortality. Their results enhanced the generalizability of CP intake

n population health, hence uniquely contributing to our study [17] . 

The types of CP consumed included hot red CP, black pepper, fresh

P, chili sauce or oil [14–17] . The frequency of CP intake was reported

s at least once a week [15] , up to 2 times per week to greater than 4

imes per week [16] , or as at least once per month [17] ; however, the

xact amounts and mode of CP consumed in these studies were not well

efined. Outcome data were collected and confirmed from registries

 15 , 16 ], death certificates [14] and national death index [17] . Inter-

ational classification of diseases (ICD) codes 9 16 and 10 14,15,17 were

dentified to collect cause-specific mortality ( Table 1 ). These studies also

eported the method of multivariable adjustment based on clinical, so-

ial and economic factors for their analysis (OS 2). 
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Table 1 

Characteristics of the studies included in the meta-analysis. 

Last name of first 

author et al. 

(publication year) 

Country Years of patient 

enrollment 

Type of study Participants Type of pepper Intervention vs 

Control group 

(based on 

frequency of CP 

consumption) 

Outcome Data 

Assessment 

Ethnic 

Backgrounds 

Food questionnaire Follow-up 

(median in 

years) 

Potential bias 

(adjustment) 

Bonaccio et al. 

(2019) 

Italy 2005 to 2010 Prospective 

cohort study; 

non-randomized 

Men and 

women ≥ 35 

years of age 

Chili pepper CP consumers 

( n = 15,122): up 

to 2 times/week 

to > 4 

times/week 

Rare/Non- 

consumers 

( n = 7689) 

Italian mortality registry. 

Other outcome data were 

collected from medical 

records using ICD-9 

coding 

Moli-Sani, a 

southern Medi- 

terranean region 

in Italy 

European 

Prospective 

Investigation into 

Cancer Food 

Frequency 

Questionnaire 

8.2 

Information/recall 

bias 

(confirmation of 

outcomes data 

with medical 

records). 

Possibility of 

residual and 

unobserved 

confounding 

Hashemian et al. 

(2019) 

Iran 

2004 to 2008 

Prospective 

cohort study; 

non-randomized 

Individuals 40 to 

75 years of age 

Black or chili 

pepper 

CP consumers 

( n = 31,071): 

ever consumer 

of CP 

Non-consumers 

( n = 13,327) 

Death certificate and two 

internists evaluating the 

cause of death. 

Cause-specific mortality 

from the medical records 

using ICD-10 codes 

Turkmen, 

non-Turkmen 

116-item Food 

Frequency 

Questionnaire (FFQ) 

11.1 At risk of 

selection bias 

Chopan et al. (2017) USA 1988 to 1994 Prospective 

cohort study; 

non-randomized 

Adults ≥ 18 

years including 

Mexican- 

American, other 

Hispanic, or 

non-Hispanic 

subjects 

Hot red chili 

pepper 

CP consumers 

( n = 4107): once 

per month or 

more 

Non-consumers 

( n = 12,071) 

Matching with National 

Death Index. Cause 

specific mortality was 

collected from medical 

records using ICD-10 

codes 

Multi-culture 

(White, Black, 

Hispanics) 

81-item Food 

Frequency 

Questionnaire 

18.9 

Information/recall 

bias (extensive 

interviews) 

Lv et al. (2015) 

China 

2004 to 2008 Prospective 

cohort study; 

non-randomized 

10 

geographically 

diverse areas 

across China, 

aged 30–79 

years 

Various types: 

fresh chili 

pepper, dried 

chili pepper, 

chili sauce, chili 

oil 

CP consumers 

( n = 208,884): 

At least once a 

week 

Rare/Non- 

consumers 

( n = 278,491) 

Linkage with death 

registries and residential 

records. Cause-specific 

mortality was collected 

using ICD-10 codes 

Chinese Food Questionnaire: 

frequency of chili 

pepper intake 

(never or almost 

never, only 

occasionally, 

1 or 2 days a week, 3 

to 5 days a week, or 

6 or 7 

days a week) 

7.2 Residual 

confounding 

(inverse 

association 

between spicy 

food and 

mortality toward 

the null); At risk 

of selection bias 

3
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Fig. 1. PRISMA flow diagram for study selection. 

Table 2 

Inclusion and exclusion criteria of the studies included in the meta-analysis. 

Last name of first author et al. 

(publication year) 

Inclusion Criteria Exclusion Criteria 

Bonaccio et al. (2019) Subjects ≥ 35 years of age randomly recruited 

from Molise, a southern Mediterranean region 

in Italy (data from the Moli-sani prospective 

cohort study) 

Subjects with implausible energy intakes ( < 800 kcal/d in men and < 500 kcal/d in 

women; > 4000 kcal/d in men and > 3500 kcal/d in women; 3.2% of cohort) 

Subjects with suboptimal medical/dietary questionnaires (1% and 3.9% of cohort, 

respectively) 

Subjects with missing information on main covariates, exposure, and cause-specific 

mortality (0.3%, 0.4% and 0.2% of cohort, respectively) 

23 subjects (0.1%) were lost to follow-up 

Hashemian et al. (2019) 

Subjects aged 40 to 75 years of age from 

Golestan Province, Iran (Data from the 

Golestan prospective cohort study) 

872 subjects with incomplete Food Frequency Questionnaire (FFQ) 

599 subjects with implausible energy intakes ( < 300 kcal/d for women and 

525 kcal/d for men; > 3690 kcal/d for women and 4145 kcal/d for men) 

3454 subjects with baseline self-reported history of heart disease, stroke, or cancer 

First two years of follow-up (722 subjects) were excluded to address proportional 

hazard consumption violation 

Chopan et al. (2017) Subjects ≥ 18 years of age with complete data 

for the outcomes and the predictors 

(prospective cohort from the National Health 

and Nutritional Examination Survey 

(NHANES) III 

13,581 subjects < 18 years of age 

26 subjects with no mortality status 

42 subjects with no hot red chili pepper consumption data 

3371 subjects with missing data about ≥ 1 confounders 

Lv et al. (2015) Subjects aged 30–79 years of age (data from 

the China Kadoorie Biobank prospective 

cohort study) 

2577 subjects with cancer 

15,472 subjects with existing heart disease 

8884 subjects with existing stroke 

3 subjects were lost to follow-up 

3

 

a  

l  

o  

c  

I  

p  

C  

J  

p  

p

0  

0  

a

 

s  

f  

t  

A  

a  

3  

s  

a  

t  
.3. Outcomes 

Random effects pooled analysis with DerSimonian-Laird estimator

pproach showed that all-cause mortality among CP consumers was

ower, compared to rare/non-consumers, with a hazard ratio (HR)

f 0.87 [95% CI: 0.85–0.90; p < 0.0001; I 2 = 1%] ( Fig. 2 a). HR for

ardiovascular mortality was 0.83 [95% CI: 0.74–0..95; p = 0.005,

 

2 = 66%] and for cancer-related mortality as 0.92 [95% CI: 0.87–0.97;

 = 0.001; I 2 = 0%] ( Fig. 3 a & 4 a respectively). However, the HR for

VA was 0.78 [95% CI: 0.56–1.09; p = 0.26; I 2 = 60%] ( Fig. 5 a). Sidik-

onkman estimator approach calculated HR of 0.87 [95% CI: 0.82–0.93;

 = 0.006; I 2 = 1%] for all-cause mortality, 0.84 [95% CI: 0.71–1.00;

 = 0.046; I 2 = 65%] for cardiovascular mortality, 0.92 [95% CI: 0.89–
4 
.95; p = 0.004; I 2 = 0%] for cancer-related mortality and 0.80 [95% CI:

.43–1.49; p = 0.26; I 2 = 60%] for CVA related mortality ( Fig. 2 b, 3 b, 4 b

nd 5 b respectively). 

Sensitivity analysis for outcomes with I 2 > 50% identified that the

tudy by Hashemian et al. contributed towards higher heterogeneity

or deaths due to cardiac causes, and the study by Bonaccio et al. con-

ributed towards higher heterogeneity for deaths due to CVA ( Fig. 6 ).

fter removing these studies, estimates for deaths due to cardiac causes,

nd for CVA were HR: 0.78 [95% CI: 0.75–0.81; p = 0.0013; I 2 = 0%] (OS

a), and HR: 0.87 [95% CI: 0.11- 7.05, p = 0.55; I 2 = 39%] (OS 3b), re-

pectively. Due to the small number of studies ( < 10), meta-regression

nd assessment of publication bias could not be performed. Newcas-

le and Ottawa scale for non-randomized cohort studies showed these
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Table 3 

Characteristics of the subjects in the studies included in the meta-analysis.% (n); Age (mean ± standard deviation); BMI: body mass index; N/A: not available. 

Last name of first 

author et al. (year 

of publication_ 

Subjects Age Male Smokers Cardiovascular 

Diseases 

Cancer Stroke Diabetes 

Mellitus 

Hypertension BMI Hyperlipidemia Educational 

status 

Alcoholism Married 

Bonaccio et al. 

(2019) 

Total participants 

( n = 22,811) 

55 ± 11 47.6 

(10,871) 

22.9 (5241) 5.2 (1179) 3.2 (737) N/A 4.8 (1092) 27.3 (6222) N/A 7.7 (1747) 13.2 (3001) N/A N/A 

Consumers - 66.3% 

( n = 15,122) 

55 ± 11 54.3 (8210) 25.2 (3811) 5.3 (810) 2.9 (437) N/A 5 (761) 27.3 (4131) N/A 7.8 (1178) 14 (2117) N/A N/A 

Non-consumers - 

33.7% ( n = 7689) 

55 ± 13 34.6 (266) 18.6 (1430) 4.8 (369) 3.9 (300) N/A 4.3 (331) 27.2 (2091) N/A 7.4 (569) 11.5 (884) N/A N/A 

Hashemian et al. 

(2019) 

Total participants 

( n = 38,383) ∗ 
51.9 ± 8.8 42.2 

(16,185) 

N/A N/A N/A N/A 5.9 (2254) 17.2 (6603) 26.4 ± 5.3 N/A 69.3 (26,603) N/A 88.9 

(34,117) 

Consumers - 80.9% 

( n = 31,071) 

51.3 ± 8.6 41.7 

(12,949) 

N/A N/A N/A N/A 6 (1864) 16.7 (5194) 26.9 ± 5.4 N/A 66.3 (20,600) N/A 89.4 

(27,777) 

Non-consumers - 

19.1% ( n = 7312) 

52.5 ± 9 44.3 (3236) N/A N/A N/A N/A 5.3 (390) 19.3 (1409) 25.8 ± 5.3 N/A 82.1 (6003) N/A 86.7 (6340) 

Chopan et al. (2017) Total participants 

( n = 16,178) 

45.1 46.8 (7577) 25.7 (4156) N/A N/A N/A 11.7 (1888) 25.3(4088) N/A N/A 76.2 (12,334) 45.3 (7340) 59.7(9662) 

Consumers - 25.3% 

(4107) 

41.9 58.1 (2386) 28 (1150) N/A N/A N/A 10.4 (427) 19.9 (817) N/A N/A 64.6 (2653) 54.7 (2247) 64.8 (2661) 

Non-consumers - 

74.6% ( n = 12,071) 

48.2 43 (5191) 24.9 (3006) N/A N/A N/A 12.1 (1461) 27.1 (3271) N/A N/A 80.2 (9681) 42.2 (5094) 58 (7001) 

Lv et al. (2015) Total participants 

( n = 487,375) 

51.4 40.9 

(199,293) 

26.7 

(130,371) 

N/A N/A N/A 5.4 (26,162) 33.7 (164,338) 23.6 N/A 49.2 (239,674) 15 (73,643) 90.8 

(442,941) 

Consumers - 42.9% 

( n = 208,884) 

49.9 42.3 

(88,298) 

31 (88,298) N/A N/A N/A 4.2 (8837) 29.7 (62,061) 23.7 N/A 48.8 (101,965) 18 (37,684) 91.7 

(191,492) 

Non-consumers - 

57.1% ( n = 278,491) 

52.9 39.9 

(278,491) 

23.5 

(65,482) 

N/A N/A N/A 6.2 (17,325) 36.7 (102,277) 23.4 N/A 49.5 (137,709) 12.9 

(35,959) 

90.2 

(251,449) 

5
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Fig. 2. Hazard ratio (random effects) of chili pepper intake versus no pepper intake for all cause mortality (2a) DerSimonian-Laird estimator HR: 0.87 [0.85; 0.90], 

p < 0.0001; I 2 = 1%; (2b) Sidik-Jonkman estimator HR: 0.87 [0.82; 0.93], p = 0.006; I 2 = 1%. 

Fig. 3. Hazard ratio (random effects) of chili pepper intake versus no pepper intake for deaths due to cardiac causes (3a) DerSimonian-Laird estimator HR: 0.83 

[0.74; 0.95], p = 0.005; I 2 = 65%; (3b) Sidik-Jonkman estimator HR: 0.84 [0.71; 1.00], p = 0.046; I 2 = 65%. 

6 
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Fig. 4. Hazard ratio (random effects) of chili pepper intake versus no pepper intake for deaths due to cancer (4a) DerSimonian-Laird estimator HR: 0.92 [0.87; 0.97], 

p = 0.001; I 2 = 0%; (4b) Sidik-Jonkman estimator HR: 0.92 [0.89; 0.95], p = 0.004; I 2 = 0%. 

Fig. 5. Hazard ratio (random effects) of chili pepper intake versus no pepper intake for deaths due to cerebrovascular accidents (5a) DerSimonian-Laird estimator 

HR: 0.78 [0.56; 1.09], p = 0.14; I 2 = 60%; (5b) Sidik-Jonkman estimator HR: 0.80 [0.43; 1.49], p = 0.26; I 2 = 60%. 
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Fig. 6. Overall heterogeneity contribution of the included studies towards deaths due to (a) cardiovascular deaths (b) cerebrovascular accidents. 
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c  
our studies provided evidence of high quality (OS 4). A study can be

warded a maximum of one star for each numbered item within the

election (total 4) and Exposure (total 3) categories. A maximum of

wo stars can be given for Comparability. A score of 9 is the highest

ttainable. The Newcastle-Ottawa Scale (NOS) for assessing the qual-

ty of nonrandomised studies in meta-analyses is described in detail at

ttp://www.ohri.ca/programs/clinical_epidemiology/oxford.asp . 

. Discussion 

This is the first comprehensive meta-analysis to evaluate the associ-

tion between CP consumption and all-cause, cardiovascular and can-

er related mortalities. We found a significant relative risk reduction

n mortality among CP consumers, compared to rare/non-consumers.

his intriguingly demonstrates the potential benefit of regular CP con-

umption on improving health outcomes. Though the magnitude and

irection of findings generated after pooled meta-analysis suggest the

enefits of CP consumption, there is significant heterogeneity and lack

f standardization of CP intake, highlighting this as an important area

or future research. 

The studies included in this meta-analysis investigated similar clin-

cally important outcomes. The study by Lv et al. demonstrated a 14%

elative risk reduction in mortality in those who consumed CP 6–7 days

er week as compared to less than once per week [15] . It addition-

lly showed a significant decrease in the rate of respiratory diseases

mong frequent CP consumers [15] . Furthermore, the sub-group anal-

sis among fresh CP consumers as compared to non-fresh CP suggested

 significant mortality benefit related to ischemic heart disease (IHD),

iabetes and cancer among those who consumed fresh CP [15] . The

ultivariate analysis of this study suggested female frequent CP con-

umers had a lower risk of death due to infections, but no statistically

ignificant difference was found in cause related mortality by sex [15] .

hey analyzed all-cause mortality benefits by adjusting potential risk

actors, such as age, smoking, alcohol status, BMI, and physical activ-

ty [15] . Hashemian et al. demonstrated the increased mortality bene-

ts of pepper in women, as authors reported more consumption among

omen due to more involvement in cooking and meal preparation [14] .

his study also supported all cause and cardiovascular mortality benefits

mong saffron and turmeric users [14] . However, no significant inverse

orrelation was found with mortality related to cancer due to the low

umber of deaths [14] . Additionally, no correlation was reported be-

ween all-cause mortality and cinnamon consumption [14] . The study

y Chopan et al. was conducted in diverse patient populations includ-

ng different races and ethnicities, and hence reported the generalizable

ortality benefits of CP consumption [17] . Furthermore, Bonaccio et al.

onducted the study in a large Mediterranean population suggested that

apsaicin, present in CP, correlates with health benefits [16] . This is

eflected by the observation that sweet pepper, which has a lower cap-

aicin content, was not associated with mortality benefits in terms of
8 
ardiovascular disease [16] . This study also reported the health effect

f CP consumption, independent of the quantity of CP consumed [16] . 

A possible mechanism for the mortality benefits of CP may be medi-

ted through its alkaloids compounds capsaicinoids predominately cap-

aicin [21] . It is an active and powerful capsaicinoids which has been

hown to facilitate weight reduction by activation of the transient recep-

or potential cation channel sub-family V member 1 (TRPV1) [ 18 , 21–

3 ]. This can, in turn, lead to an increase in the intracellular calcium

evels, activating the sympathetic nervous system and the release of cat-

cholamines [18] . This promotes increased fat metabolism, thermoge-

esis, energy expenditure and improves blood glucose control [ 22 , 24 ],

hich would be expected to affect energy balance and decrease the risk

f obesity and metabolic syndrome, thereby decreasing risk of cardio-

ascular events, stroke and mortality [18] . 

Yoshioka et al. reported in 30 participants that a high fat diet sup-

lemented with capsaicin led to an increase in thermogenesis, and

eight loss [25] . Another mechanism of action of capsaicin is acti-

ation of the hypothalamus, which suppresses appetite and increases

atiety [22] . This is mediated by an increase in plasma glucagon

ike peptide (GLP-1) and a decrease in plasma ghrelin [26] . Further-

ore, it has been reported that TRPV1 receptors are present in the

ensory nerves near the epicardium and vascular endothelial cells in

ice [27] . This has been suggested to be protective against myocar-

ial injury, as there is up-regulation of the endogenous ligand (12-

ipoxygenasederived eicosanoids) of TRPV1 in mice [28] . 

It should be noted that there are conflicting data regarding the anti-

latelet versus pro-aggregating properties of capsaicin. It has been re-

orted in human subjects that capsaicin showed potent anti-platelet ac-

ivity by inducing arachidonic acid and adenosine diphosphate (ADP)

ctivity [29] . Another study on human participants, however, reported

otential pro-aggregating property of capsaicin due to TRPV1 depen-

ent serotonin release, and subsequently thrombin induced platelet ac-

ivation [30] . This could potentially explain its variable impact on car-

iovascular as opposed to cerebrovascular disease as found in our study.

Prior studies have reported that CP provides concentration depen-

ent anti-microbial activity [31] . It disrupts bacterial cell membrane

tructural integrity via increasing the osmotic gradient, and inhibiting

ene expression involved in bacterial cell growth [31] . However, it is

ot well studied if this effect of CP is associated with trimethylamine

-oxide (TMAO), a metabolite of gut microbial metabolism generated

rom choline, betaine and carnitine, known to promote atherosclerosis

nd cardiovascular disease [32–36] . Future well-designed studies could

lucidate the underlying bio-chemical mechanisms that mediate its clin-

cal effects. 

CP constitutes an important ingredient in Mediterranean cuisines

16] , a dietary pattern associated with a decreased risk of death and

ther co-morbidities [ 37 , 38 ]. After conducting weighted analysis, CP

onsumption was associated with significant relative reduction in all-

ause, cardiovascular and cancer-related deaths. There is a need for

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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 standardized approach for optimal intake, including the frequency,

ode and amount of CP consumption intake, as evidenced by the current

ignificant variations related to geographical regions, cultural habits, di-

tary behavior, and amounts of CP intake [39–42] . 

.1. Study limitations 

This meta-analysis included only four studies, which is attributed to

he paucity of literature on this topic. Second, these studies originated

rom different countries, with varying cultural practices, modes and fre-

uencies of CP consumption, which could limit the external validity of

ur findings. Third, meta-regression and calculation of small study effect

ere not possible due to the relatively small number of studies. Forth,

atients with a prior history of heart disease, stroke and cancer were

xcluded in two studies [ 14 , 15 ]. Fifth, heterogeneity ( I 2 ) was found to

e high which was due to different proportions of CP consumers versus

are/non-consumers in the included studies . Additionally, the potential

iases (selection, information or recall and residual confounding among

he included studies) could affect the individual study results. However,

he authors of the individual studies performed multivariate adjustment

or these factors. 

. Conclusion 

In this contemporary meta-analysis, CP consumption was associated

ith a statistically significant relative reduction in all-cause, cardiovas-

ular, and cancer-related mortalities. This suggests that CP consumption

nd/or supplementation of one of its bioactive components may provide

ignificant health benefits. It is a relatively inexpensive, widely available

ietary ingredient. Future studies to better understand the mechanisms

ediating these potential health benefits, as well as to characterize the

ptimal amount, type, and frequency of CP consumption are needed. 
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