
ABSTRACT

The present systematic review and meta-analysis were conducted in order to investigate 
the effects of capsinoids and fermented red pepper paste (FRPP) supplementation on 
lipid profile. Relevant studies were identified by searches of five databases from inception 
to November 2021 using relevant keywords. All clinical trials investigating the effect of 
capsinoids and FRPP on total cholesterol (TC), triglycerides (TG), high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were included. Out 
of 1,203 citations, eight trials that enrolled 393 participants were included. Capsinoids and 
FRPP resulted in a significant reduction in TC (weighted mean differences [WMD], −9.92 
mg/dL; 95% confidence interval [CI], −17.92 to −1.92; p = 0.015) but no significant changes 
in TG (WMD, −19.38 mg/dL; 95% CI, −39.94 to 1.18; p = 0.065), HDL-C (WMD, 0.83 mg/dL; 
95% CI, −0.76 to 2.42; p = 0.305) and LDL-C (WMD, −0.59 mg/dL; 95% CI, −4.96 to 3.79; p = 
0.793). Greater effects on TC were detected in trials performed on duration lasting less than 
twelve weeks, mean age of > 40, both sexes, and sample size of > 50. TG was reduced by using 
FRPP in studies conducted on mean age of > 40. HDL-C increased by using FRPP in studies 
conducted on duration of < 12 weeks, mean age of > 40, and sample size of ≤ 50. Overall, 
these data provided evidence that capsinoids and FRPP supplementation has beneficial 
effects on TC but not TG, HDL-C, and LDL-C.
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INTRODUCTION

Cardiovascular disease (CVD) is one of the most common chronic diseases in the world 
and one of the causes of disability and premature death. CVD mortality is predicted to 
increase to over 24 million a year by 2030 [1,2]. CVD includes coronary heart disease (CHD), 
strokes, peripheral arterial disease, and aortic disease [3]. Often, advanced atherosclerosis 
results in CVD. Therefore, one way to prevent CVD is to control the factors that cause the 
hardening and narrowing of blood vessels and plaque build-up in vessels [3,4]. Data from 
various studies have shown that lipid concentrations are one of the major risk factors for 
atherosclerosis. Elevated circulating concentrations of plasma levels of triglycerides (TG), 
total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and reduced levels of 
high-density lipoprotein cholesterol (HDL-C) increase the risk of CVD [5,6].

There are various pharmacological and non-pharmacological interventions to improve blood 
lipids. Statins are one of the most effective drugs for modifying LDL-C, TG, and HDL-C 
levels and therefore are used as the first-line drug for the treatment of dyslipidemia [7]. 
Concomitant use of statins with compounds such as fibrate, niacin, or omega-3 fatty acids 
can optimize the process of lipid profile improvement; however, particular combination 
therapies can cause side effects and may not be tolerated [7]. In addition, statins can be 
associated with serious side effects such as hepatotoxicity and myopathies [8]. Replacing 
treatment with non-pharmacological and functional natural product compounds can prevent 
these complications.

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide) is derived from homovanillic acid [9]. 
The effective role of capsaicin-containing foods in health preservation has been expressed in 
traditional medicine for centuries [10,11]. This phytochemical is principally responsible for 
the pungent feeling of chili peppers. Because of its pungency, it causes a burning sensations 
and relieves gastrointestinal side effects [12]. Capsaicin is also offered as a food additive 
and medicinal compound [9]. Clinical studies show that capsaicin supplementation has 
multiple pharmacologic and physiologic effects, including decreased appetite, increased 
body temperature and metabolism, improved postprandial hyperglycemia, hyperinsulinemia, 
and fasting lipid disorders. Its long-term supplementation is also effective in maintaining 
a reduced weight in obese participants. It also has analgesic and anti-cancer, anti-
inflammatory, and antioxidant properties [13-15]. Another benefit of capsaicin is its effects 
on the cardiovascular system. It increases the serum levels of HDL-C, decreases serum 
fasting triglyceride and ApoB levels, and inhibits phospholipid transfer protein (PLTP) 
activity [15-17], although some studies have obtained conflicting results on lipid metabolism 
[18]. Capsaicin also plays a part in the regulation of glucose metabolism and vascular 
function including the promotion of lipolysis by activating peroxisome proliferator-activated 
receptor delta (PPARδ) and the improvement of vasodilation by increasing endothelial nitric 
oxide synthase expression [19,20]. The anti-atherosclerotic property of capsaicin reduces the 
risk of CVD factors. Also, it can reduce waist: hip ratio and C-reactive protein [14,17]. Due to 
the well-known modulatory effects of capsaicin on inflammation and lipid metabolism, it is 
known as a cardioprotective agent [17,21,22].

Because clinical studies of the effect of capsaicin or capsaicin-containing foods on lipid 
profile show contradictory effects, a meta-analysis of available evidence can provide a more 
accurate and precise estimate of the effect of capsinoids and fermented red pepper paste 
(FRPP) on lipid profile.
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MATERIALS AND METHODS

The meta-analysis addressing the effects of capsinoids and FRPP supplementation on lipid 
profile was followed standard criteria (PRISMA criteria) for reporting meta-analyses [23].

Search strategy
We searched the PubMed/MEDLINE, Scopus, ISI Web of Science, Embase, and Google 
Scholar up to November 2021. We used the following search strategy: (capsaicin OR 
capsaicinoid OR red pepper OR paprika OR chilli OR kochujang) AND (total cholesterol OR 
triglyceride OR low density lipoprotein OR high density lipoprotein OR blood lipids OR TC 
OR TG OR LDL-C OR HDL-C). We used applied relevant search terms to find a published 
English study (Supplementary Table 1). We searched the references of the retrieved reports 
for any additional studies.

Inclusion and exclusion criteria
The search terms and strategies were constructed according to the PICOS model [24]. 
Potentially relevant studies were considered for inclusion in this meta-analysis if they met the 
following inclusion criteria: age (adults aged 18 years old or more), intervention (capsinoids 
and FRPP), comparator (placebo), outcome (TC, TG, HDL-C, and LDL-C), and study design 
(parallel and cross-over clinical trial).

Studies were included if they met the following criteria: 1) randomized clinical trials (RCTs) 
comparing the effect of capsinoids or FRPP and placebo; 2) involved adults; 3) reported 
mean and standard deviation (SD) of TC, TG, HDL-C, and LDL-C. Studies were excluded if 
they were: 1) animal and in vitro studies; 2) uncontrolled trials; 3) without sufficient data 4) 
studies investigated the effects of capsinoids supplementation in composition with other 
interventions. We also excluded unpublished studies, letters, comments, conference papers, 
and observational studies.

Data extraction
Using a standardized form, pairs of authors (FS, MRA) independently reviewed the title and 
abstract of all articles and extracted the required data, assessed the quality of studies, and 
performed double-check. Any disagreements were resolved by a third investigator (AH). 
For each publication, we extracted the following information: name of first author, year 
of publication, study location, study design, trial duration, body mass index (BMI), and 
intervention (type, dose, and duration of supplementation); subjects’ information, including 
inclusion criteria, age, sex, health status, and BMI; outcomes assessed, including baseline 
and final values of outcomes (TC, TG, HDL-C, and LDL-C).

Quality assessment of studies
Study quality was assessed with the revised Cochrane risk-of-bias tool (RoB 2) [25], which 
contains the following methodological domains: random sequence generation, allocation 
concealment, blinding of participants and personnel, blinding of outcome evaluation, 
uncompleted outcome data, selective reporting, and other potential threats to validity. 
According to the Cochrane Handbook recommendation, studies were stratified as low risk 
of bias; high risk of bias, and some concerns. Of included studies, 2 trials [15,26] did deviate 
from the intended interventions and had missing outcome data (Table 1) [14-18,26-28].
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Statistical analysis
Treatment response was quantified using the mean changes and SDs in lipid profile including 
TC, TG, HDL-C, and LDL-C from baseline and standard mean difference, and 95% confidence 
interval (CI) were calculated to pool data and measure effect sizes in both intervention and 
control groups. When no SDs were reported for net change in lipid profile, the following 
formula was used: SDdifference = square root [(SDpre-treatment)2 + (SDpost-treatment)2 − (2 × R × SDpre-treatment 
× SD post-treatment)], assuming a correlation coefficient (R) 0.8 as it is a conservative estimate for an 
expected range of 0–1 [29]. When means (± SD) of outcome measures was not directly available 
and a standard error of the mean (SEM) was presented in place of SD, we converted it to SD 
using this formula: SD = SEM × √n, being “n” the number of subjects in each group. If medians 
and interquartile range were reported, mean and SD values were estimated using the method 
described by Hozo et al. [30]. Ultimately, we used the GetData Graph Digitizer version 2.24 to 
extract data from studies that reported outcomes in the graphical form [31].

I2 testing performed to quantify the magnitude of inter-study heterogeneity and a value of I2 
more than 50% was considered as significant heterogeneity. The analyses were conducted 
using a random-effects meta-analysis [32]. A priori subgroup analysis of dosage and duration 
of supplementation, supplement type, mean age, and the sample size was performed to detect 
potential sources of heterogeneity. Publication bias was examined by visually inspecting at 
funnel plots and quantitatively assessed using Egger’s test. In the case of substantial publication 
bias, the trim-and fill method was applied to regulate analysis for the impacts of publication 
bias [33]. Meta-analysis was undertaken using Stata software version 14 (Stata Corp., College 
Station, TX, USA). The p values < 0.05 were considered to be statistically significant.

RESULTS

Study selection
In total, 1,203 publications were identified in the initial search. After excluding duplicate 
papers (182) and unrelated studies (1,021), 17 papers were retained for full-text review. One 
additional trial was extracted through hand-searching of reference lists of related reviews. 
Of these articles, we excluded 9 publications due to the following reasons: irrelevant (n = 2), 
has no placebo-controlled group (n = 1), complex intervention (n = 1), without sufficient data 
for outcomes (n = 2) and conference abstracts (n = 3). Finally, 8 studies met all our inclusion 
criteria. The A flow diagram of the study selection is provided in Figure 1.

Characteristics of included studies
The characteristics of studies included in the systematic review and meta-analysis are 
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Table 1. Risk of bias for randomized controlled trials, assessed according to the revised Cochrane risk-of-bias tool for randomized trials (RoB 2)
Publications Randomization 

process
Deviations from the intended 

interventions
Missing outcome 

data
Measurement of 

the outcome
Selection of the 
reported result

Overall bias

1. Kim (2010) [27] L L L L L L
2. Cha (2013) [16] L L L L L L
3. Lim (2015) [18] L S L L L L
4. Yuan (2016) [15] L S S L L H
5. Lee (2017) [26] L S S L L H
6. Qin (2017) [17] L L L L L L
7. Urbina (2017) [14] L L L L L L
8. Kakutani (2018) [28] L L L L L L
L, low risk of bias; H, high risk of bias; S, some concerns.
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provided in Table 2 [14-18,26-28]. Included trials enrolled 393 participants with an age range 
between 20 to 43.5 years old and were conducted on both sexes. Four trials were conducted in 
Korea [16,18,26,27], Japan [28], China [15,17], and US [14], which involved 393 participants 
with different health statuses, such as healthy [14,27,28], overweight/obese [26], overweight 
[16], hyperlipidemia [18], adults with low HDL-C [17], and gestational diabetes mellitus 
(GDM) [15]. Publication dates ranged from 2010 to 2018. Eight of the included studies 
had parallel designs. Among the included studies, six studies included men and women 
[14,15,17,18,26,28] except for three studies that were included only women [15,27,28], and 
one study was performed on men [28]. Three studies on kochujang [16,18,26], two studies 
on capsaicin [15,17], one study on fermented red pepper paste [27], one study on capsinoid 
[14], and one study on paprika xanthophylls [28] were included. All studies that tested red 
pepper used a dose of 11.9 g [16,18,26,27]. Also, capsinoids were administrated in doses 
ranging from 2 [14] to 9 mg/day [28], and the intervention duration was from 3 to 12 weeks. 
Out of eight studies, LDL-C, HDL-C, TG, and TC were reported in eight [14-18,26-28], seven 
[14-18,26,28], seven [14-18,26,28] and seven studies [15-18,26-28], respectively.

Effect of pepper on plasma concentrations of TC
Combining data from 7 studies showed that pepper consumption significantly reduced TC 
(WMD, −9.92 mg/dL; 95% CI, −17.92 to −1.92; p = 0.015) (I2 = 81.4%; p < 0.001) compared to 
the control group (Figure 2). To find any source of heterogeneity, we performed subgroup 
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Figure 1. Flow chart of the number of studies identified and selected into the meta-analysis.
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analyses based on intervention type (capsinoids or FRPP), age (≤ 40 or > 40), sex (both or 
female), trial duration (< 12 week or ≥ 12 week) and sample size (≤ 50 or > 50). Subgroup 
analysis according to the intervention type also showed no effect of capsinoids (p = 0.102) 
and FRPP (p = 0.183) on TC. Dividing RCTs based on the aforementioned subgroups showed 
that TC was decreased significantly following pepper supplementation in those RCTs that 
were conducted on supplement duration lasted less than twelve weeks, the mean age of > 40, 
both sexes, and the sample size of > 50 (Table 3).
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Table 2. Demographic characteristics of the included studies
First author 
(year)

Location Study design Health status Sex Sample 
size

Duration 
(week)

Mean  
age 

(year)

Baseline 
BMI  

(kg/m2)

Intervention Outcome
Treatment group Control 

group
Kim (2010) 
[27]

Korea Randomized, double-blind, 
placebo-controlled, parallel trial

Healthy Female 28 12 39.5 23 < 11.9 g FRPP TC/ 
LDL-unvaried group

Placebo LDL/TC

Cha (2013) 
[16]

Korea Randomized, double-blind, 
placebo-controlled, parallel trial

Overweight Both 60 12 42 23 ≤ Kochujang  
(11.9 g red pepper)

Placebo TC/LDL/
HDL/TG

Lim (2015) 
[18]

Korea Randomized, double-blind, 
placebo-controlled, parallel trial

Hyperlipidemia Both 30 12 42 26.9 Kochujang  
(11.9 g red pepper)

Placebo TC/LDL/
HDL/TG

Yuan (2016) 
[15]

China Randomized, double-blind, 
placebo-controlled, parallel trial

GDM Female 44 4 30.45 27 5 mg capsaicin Placebo TC/LDL/
HDL/TG

Lee (2017) 
[26]

Korea Randomized, double-blind, 
placebo-controlled, parallel trial

Overweight/
Obese

Both 60 12 42 23 ≤ Kochujang  
(11.9 g red pepper)

Placebo TC/LDL/
HDL/TG

Qin (2017) 
[17]

China Randomized, double-blind, 
placebo-controlled, parallel trial

Adults with low 
HDL-C

Both 42 3 43.55 26.2 4 mg capsaicin Placebo TC/LDL/
HDL/TG

Urbina (2017) 
[14]

US Randomized, single-blind, 
placebo-controlled, parallel trial

Healthy Both 22 12 30 27.5 2 mg low-dose 
capsinoid

Placebo LDL/ 
HDL/ 

TGRandomized, double-blind, 
placebo-controlled, parallel trial

27 4 mg high-dose 
capsinoid

Kakutani 
(2018) [28]

Japan Randomized, double-blind, 
placebo-controlled, parallel trial

Healthy Both 80 12 20 27.5 9 mg paprika 
xanthophylls

Placebo TC/LDL/TG
Male 67 HDL

Female 13 HDL
BMI, body mass index; FRPP, fermented red pepper paste; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; 
GDM, gestational diabetes mellitus.

WMD (95% CI) Weight
(%)

Study
ID

Kim (2010) [27]

Kim (2010) [27]

Cha (2013) [16]

Lim (2015) [18]

Yuan (2016) [15]

Lee (2017) [26]

Qin (2017) [17]

Kakutani (2018) [28]

Overall (I2 = 81.4%, p = 0.000)

NOTE: Weights are from random effects analysis

(3.55, 39.85) 9.29

(−28.76, −6.24) 13.17

(−15.28, 5.08) 13.83

(−26.07, 0.27) 12.01

(−58.01, −27.01) 10.67

(−6.67, −2.93) 17.65

(−35.24, 4.04) 8.59

(−12.99, 4.19) 14.78

(−17.92, −1.92) 100.00

21.70

−17.50

−5.10

−12.90

−42.51

−4.80

−15.60

−4.40

−9.92

580−58

Figure 2. Forest plot detailing WMD and 95% CIs for the effect of capsinoids and FRPP supplementation on TC. 
WMD, weighted mean differences; CI, confidence interval; FRPP, fermented red pepper paste; TC, total cholesterol.
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Table 3. Subgroup analysis of included RCTs in meta-analysis of the effect of capsinoids and FRPP supplementation on lipid profile
Group No. of trials WMD (95% CI) p value I2 (%) p-heterogeneity p for between subgroup heterogeneity
TC

Intervention 0.020
Capsinoids 3 −20.41 (−44.86, 4.03) 0.102 88.8 < 0.001
FRPP 4 −5.5 (−13.58, 2.59) 0.183 72.3 0.006

Mean age (yr) 0.007
≤ 40 2 −13.16 (−44.99, 18.68) 0.418 92.8 < 0.001
> 40 5 −5.03 (−6.80, −3.25) < 0.001 0 0.633

Sex 0.007
Both 5 −5.03 (−6.80, −3.25) < 0.001 0 0.633
Female 2 −13.16 (−44.99, 18.68) 0.418 92.8 < 0.001

Duration (wk) < 0.001
< 12 2 −29.76 (−56.09, −3.42) 0.027 77.5 0.035
≥ 12 5 −5.49 (−11.66, −0.69) 0.082 65.5 0.013

Sample size 0.002
≤ 50 4 −13.76 (−31.57, 4.05) 0.130 85.7 < 0.001
> 50 3 −4.79 (−6.59, −3.00) < 0.001 0 0.994

TG
Intervention < 0.001

Capsinoids 4 −16.57 (−51.87, 18.72) 0.357 88.8 < 0.001
FRPP 3 −29.44 (−33.16, −25.72) < 0.001 0 0.706

Mean age (yr) < 0.001
≤ 40 2 −18.64 (−68.88, 31.60) 0.467 94 < 0.001
> 40 5 −29.24 (−32.93, −25.55) < 0.001 0 0.802

Duration (wk) 0.004
< 12 2 −52.04 (−140.33, 36.25) 0.248 84.8 0.010
≥ 12 5 −10.50 (−31.61, 10.61) 0.329 89.5 < 0.001

Sample size 0.039
≤ 50 3 −38.73 (−101.50, 24.03) 0.226 82.2 0.004
> 50 4 −10.50 (−33.37, 12.37) 0.368 91.5 < 0.001

HDL
Intervention 0.945

Capsinoids 4 −0.09 (−3.41, 3.22) 0.956 65.2 0.013
FRPP 3 1.63 (1.06, 2.20) < 0.001 0 0.509

Mean age (yr) 0.032
≤ 40 2 −1.54 (−5.73, 2.64) 0.470 57 0.098
> 40 5 1.79 (0.59, 3.00) 0.003 22.7 0.263

Sex 0.862
Both 5 0.62 (−1.34, 2.59) 0.533 65.9 0.012
Male 1 −0.50 (−8.31, 7.31) 0.900 - -
Female 2 1.48 (−2.36, 5.31) 0.450 0 0.383

Duration (wk) 0.036
< 12 2 3.59 (1.69, 5.50) < 0.001 0 0.524
≥ 12 5 −0.37 (−2.40, 1.66) 0.722 45.1 0.090

Sample size 0.104
≤ 50 3 2.67 (0.30, 5.04) 0.027 28.6 0.246
> 50 4 −0.51 (−2.86, 1.84) 0.673 51.4 0.068

LDL
Intervention 0.138

Capsinoids 4 2.56 (−1.64, 6.77) 0.233 0 0.892
FRPP 4 −3.74 (−12.60, 5.11) 0.408 81.3 < 0.001

Mean age (yr) 0.833
≤ 40 3 1.08 (−9.25, 11.41) 0.838 74.1 0.004
> 40 5 −1.16 (−5.82, 3.49) 0.624 56.5 0.056

Sex 0.500
Both 6 −0.15 (−3.94, 3.64) 0.937 42.9 0.105
Female 2 −0.61 (−18.87, 17.64) 0.948 85.4 0.001

Duration (wk) 0.304
< 12 2 2.83 (−3.49, 9.15) 0.380 0 0.435
≥ 12 6 −1.42 (−6.87, 4.02) 0.608 69.6 0.002

Sample size 0.282
≤ 50 4 −2.45 (−13.77, 8.87) 0.671 82 < 0.001
> 50 4 −0.06 (−1.76, 1.65) 0.948 0 0.867

RCT, randomized clinical trial; FRPP, fermented red pepper paste; WMD, weight mean difference; CI, confidence interval; TC, total cholesterol; TG, triglycerides; 
HDL, High-density lipoprotein; LDL, Low-density lipoprotein.
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Effect of pepper on plasma concentrations of TG
In the pooled analysis of seven trials, there was no significant pooled effects of pepper 
consumption on TG (WMD, −19.38 mg/dL; 95% CI, −39.94 to 1.18; p = 0.065) (I2 = 88.8%; p < 
0.001) (Figure 3). Subgroup analysis according to the intervention type observed that pepper 
significantly reduced TG in studies conducted on FRPP (WMD, −29.44; 95% CI, −33.16 to −25.72; 
p < 0.001) and mean age of > 40 (WMD, −29.24; 95% CI, −32.93 to −25.55; p < 0.001) (Table 3).

Effect of pepper on plasma concentrations of HDL-C
Pooled effect sizes indicated that pepper consumption had no significant effect on HDL-C 
(WMD, 0.83 mg/dL; 95% CI, −0.76 to 2.42; p = 0.305) (I2 = 49.2%, p = 0.046) (Figure 4). 
Stratified analysis showed that pepper significantly increases HDL-C in studies conducted on 
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WMD (95% CI) Weight
(%)

Study
ID

Cha (2013) [16]

Lim (2015) [18]

Yuan (2016) [15]

Urbina (2017) [14]

Urbina (2017) [14]

Lee (2017) [26]

Qin (2017) [17]

Kakutani (2018) [28]

Overall (I2 = 88.8%, p = 0.000)

NOTE: Weights are from random effects analysis

(−51.32, −11.48) 14.38

(−56.23, 35.23) 9.12

(−128.86, −58.91) 11.22

(2.14, 38.26) 14.73

(−6.83, 25.43) 15.08

(−33.30, −25.70) 16.53

(−62.96, 55.88) 6.96

(−53.31, 9.51) 11.98

(−39.94, 1.18) 100.00

−31.40

−10.50

−93.88

20.20

9.30

−29.50

−3.54

−21.90

−19.38

1290−129

Figure 3. Forest plot detailing WMD and 95% CIs for the effect of capsinoids and FRPP supplementation on TG. 
WMD, weighted mean differences; CI, confidence interval; FRPP, fermented red pepper paste; TG, triglycerides.

WMD (95% CI) Weight
(%)

Study
ID

Cha (2013) [16]

Lim (2015) [18]

Yuan (2016) [15]

Urbina (2017) [14]

Urbina (2017) [14]

Lee (2017) [26]

Qin (2017) [17]

Kakutani (2018) [28]

Kakutani (2018) [28]

Overall (I2 = 49.2%, p = 0.046)

NOTE: Weights are from random effects analysis

(−3.23, 3.83) 12.09

(−5.32, 4.32) 7.97

(−1.96, 6.64) 9.40

(−7.75, 1.35) 8.66

(−9.89, 1.09) 6.54

(1.12, 2.28) 29.00

(1.77, 6.03) 19.58

(−8.31, 7.31) 3.63

(−0.76, 2.42) 100.00

0.30

−0.50

2.34

−3.20

−4.40

1.70

3.90

−0.50

(−10.41, 6.61) 3.12−1.90

0.83

10.40−10.4

Figure 4. Forest plot detailing WMD and 95% CIs for the effect of capsinoids and FRPP supplementation on HDL-C. 
WMD, weighted mean differences; CI, confidence interval; FRPP, fermented red pepper paste; HDL-C, high-density 
lipoprotein cholesterol.
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FRPP (WMD, 1.63; 95% CI, 1.06 to 2.20; p < 0.001), mean age of > 40 (WMD, 1.79; 95% CI, 0.59 
to 3.00; p = 0.003), duration lasting less than twelve weeks (WMD, 3.59; 95% CI, 1.69 to 5.50; p 
= 0.003), and sample size of ≤ 50 (WMD, 2.67; 95% CI, 0.30 to 5.04; p = 0.003) (Table 3).

Effect of pepper on plasma concentrations of LDL-C
The pooled analysis showed that the effect of pepper consumption on LDL-C was not significant 
(WMD, −0.59 mg/dL; 95% CI, −4.96 to 3.79; p = 0.793) (I2 = 63.6%; p = 0.003). The effect of 
pepper consumption on LDL-C is shown in Figure 5. Stratified analyses were performed based 
on intervention type, supplementation duration, age, sex, and sample size. Findings showed that 
none of these variables could explain the inter-study heterogeneity (Table 3).

Publication bias and sensitivity analysis
In sensitivity analyses in which we excluded any single study at a time from each analysis the 
overall estimates were not substantially altered. There was no evidence of publication bias 
with Egger’s weighted regression test for TC (p = 0.370), TG (p = 0.473), HDL-C (p = 0.169), 
and LDL-C (p = 0.967).

DISCUSSION

Based on current knowledge, patients with hypercholesterolemia experience a significant 
increase in atherosclerotic cardiovascular disease (ASCVD) as well as CHD [34-36]. 
Epidemiological studies have shown that there is a significant difference in blood lipid profile 
in Asian people compared to people living in western countries. Lower harmful blood lipids 
have an effective role in reducing cardiovascular disease-related diseases. The eating habit 
of Asian people is one of the main factors that reduce harmful fats in their lipid profiles. As 
we know, the main feature of Asian foods is the presence of special spices such as chili and 
other spices [18]. In this study, we hypothesized that capsaicin improves lipid profiles among 
adults. Our findings showed that capsaicin has a reducing effect on TC, and no significant 
effects on other lipid profiles such as TG, LDL-C and HDL-C. To our knowledge, the current 
study is the first meta-analysis of RCTs on the effects of capsinoids on lipid profile.

We included a total of 8 RCTs that examined the effect of capsinoids on lipid profiles 
among adults and found that capsaicin may have beneficial effects on reducing lipid profile 
components. The evidence from human studies indicates that capsaicin in the form of an 
extract or supplement reduces the serum levels of TG and increases the serum levels of 
HDL-C. Moreover, some studies have shown a positive effect of capsaicin on body weight 
and body fat. In contrast, other studies have found no significant effect on the body weight, 
body fat percentage, BMI, and lipid profile of participants. These contradictory results might 
be explained by type of intervention, capsaicin dose, age, and sex of the subjects studied. 
Studies in humans have been conducted using a wide range of doses of pepper (varying from 
daily intake to a continuous dose of up to 12 weeks) [14,16-18,26]. The controversial findings 
of studies investigating the effect of capsaicin on lipid profile raise the possibility that some 
determinants have not been sufficiently addressed. One study on capsaicin was short-term 
[15]; therefore, it may not be able to provide accurate information on the change in lipid 
profile. Furthermore, long-duration daily consumption (12 weeks) of 34.5 g aspergillus 
oryzae-fermented kochujang (fermented soybean-based red pepper paste) has shown that 
capsaicin is beneficial for decreasing LDL-C and TC levels in subjects with hyperlipidemia 
[18]. However, it seems that the effects of capsaicin are different in a healthy adult.
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Indeed, Yuan et al. [15] reported that supplementation of capsaicin-containing chili for 
4 weeks has beneficial effects on regulating lipid metabolism; it improved fasting lipid 
metabolic disorders in women with GDM. Qin et al. indicated that daily consumption of a 4 
mg capsaicin supplement for three months effectively increased the levels of fasting serum 
HDL-C in adults with low HDL-C [17]. This increase was about 0.08 mmol/L (3 mg/dL); as we 
know, an increase of about 3 mg/L of HDL-C is clinically significant [15,17,37,38]. In another 
study by Yuan et al. [15], reports indicate that consumption of capsaicin-containing chili 
powder has positive effects on serum TG levels in women with gestational diabetes mellitus. 
The duration of this study was four weeks and capsaicin-containing chili powder significantly 
decreased the TG level from 3.67 to 2.75 mmol/L in these women [15]. According to Qin et 
al.’s study [17], in people with low HDL-C, capsaicin improves risk factors for CHD and may 
be used to treat and prevent CHD [17]. Consumption of capsaicin or red pepper paste is 
probably able to reduce lipid disorders, while it does not affect normal fat metabolism [17].

It has also been shown that capsaicin reduces cardiac fibrosis and hypertrophy caused 
by hypertension [20,39]. One of the limitations of our study lies in the fact that the 
mechanisms underlying the metabolic effects of capsaicin on human lipid profiles are not 
fully understood. The possible mechanisms of action of capsaicin supplementation on 
HDL-C levels in adults, based on findings of the study concluded by Kang et al. [40] may be 
associated with the anti-inflammatory effects of capsaicin. Also, this study suggested that the 
beneficial effects of capsaicin in individuals with low HDL-C levels may be associated with a 
change in their gut microbiota [40]. Another proposed mechanism for capsaicin’s effect on 
blood lipids involves a significant reduction in the activity of PLTP when supplemented with 
capsaicin, whereas cholesterol transfer protein and cholesterol-acyl di-lecithin transferase 
(LCAT) were not significantly different in concentration and activity [41,42]. Additionally, 
increased plasma PLTP activity is an indicator of CVD [43] and has a positive relationship 
with left ventricular systolic dysfunction in patients with CHD [44] and carotid intima 
thickness in type 2 diabetics [45]. In humans with CHD or premenopausal women, plasma 
PLTP activity is inversely related to HDL-C levels [17,46].
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NOTE: Weights are from random effects analysis
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(−9.52, 9.52) 9.96

(−5.67, 16.47) 8.54

(−9.11, 14.91) 7.78

(−2.12, 1.52) 18.21

(−4.96, 3.79) 100.00
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−18.10
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−14.80

0.00
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−0.30

(−3.40, 13.54) 11.045.07

(−7.21, 8.41) 11.770.60

−0.59

33.80−33.8

Urbina (2017) [14]

Urbina (2017) [14]

Figure 5. Forest plot detailing WMD and 95% CIs for the effect of capsinoids and FRPP supplementation on LDL-C. 
WMD, weighted mean differences; CI, confidence interval; FRPP, fermented red pepper paste; LDL-C, low-density 
lipoprotein cholesterol.
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Although the present study was the first to investigated the effects of capsinoids 
supplementation on lipid profile, this meta-analysis has several important limitations. 
Our study was limited by a lack of understanding of how capsaicin affects the lipid profile. 
Another limitation of this study is the lack of an adequate number of eligible RCTs. Also, 
these RCTs did not have long-term effects and had a small sample size. Thus, larger target 
groups and longer interventions are needed in future studies. Statistical analysis was 
also limited by the increased risk of Type I errors due to testing multiple study outcomes. 
Atherosclerosis is associated with high blood lipid concentrations, as previously mentioned. 
A reduction in HDL-C and increases in TG, TC, and LDL-C can cause CVD [7]. To improve 
blood lipids, there are a variety of pharmaceutical and non-pharmacological interventions. 
Generally, drug treatments are preferred over non-drug treatments for improving LDL-C, 
TG, and HDL-C levels. However, drugs like statins can have serious side effects, such as liver 
toxicity and myopathy [8]. Therefore, development of alternatives to drugs can be crucial 
in reducing the side effects caused by drugs in this situation. One of the recommended and 
alternative treatments was the capsinoids and fermented red pepper paste supplementation, 
which we discussed in this study.

In summary, the main conclusion of our meta-analysis is that capsinoids significantly reduce 
the serum levels of TC but have no significant effect on other components of the lipid profile.
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