doi:10.1017/S000711451700157X

Association between spicy food consumption and lipid proﬁles in adults:
a nationwide population-based study
Yong Xue1,2†, Tingchao He2†, Kai Yu2, Ai Zhao3, Wei Zheng3, Yumei Zhang2* and Baoli Zhu1*
1

Chinese Academy of Sciences (CAS) Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology,
Chinese Academy of Science, Chaoyang District, Beijing 100101, People’s Republic of China
2
Department of Nutrition & Food Hygiene, School of Public Health, Peking University Health Science Center, Haidian District,
Beijing 100191, People’s Republic of China
3
Department of Social Medicine & Health Education, School of Public Health, Peking University Health Science Center,
Haidian District, Beijing 100191, People’s Republic of China
(Submitted 11 January 2017 – Final revision received 13 April 2017 – Accepted 17 May 2017 – First published online 4 July 2017)

Abstract
CVD remains the leading cause of mortality worldwide, with abnormal lipid metabolism as a major risk factor. The aim of this study was to
investigate associations between spicy food consumption and serum lipids in Chinese adults. Data were extracted from the 2009 phase of the
China Health and Nutrition Survey, consisting of 6774 apparently healthy Chinese adults aged 18–65 years. The frequency of consumption and
degree of pungency of spicy food were self-reported, and regular spicy food consumption was assessed using three consecutive 24-h recalls.
Total cholesterol, TAG, LDL-cholesterol and HDL-cholesterol in fasting serum were measured. Multilevel mixed-effects models
were constructed to estimate associations between spicy food consumption and serum lipid proﬁles. The results showed that the frequency
and the average amount of spicy food intake were both inversely associated with LDL-cholesterol and LDL-cholesterol:HDL-cholesterol ratio
(all Pfor trend < 0·05) after adjustment for potential confounders and cluster effects. HDL-cholesterol in participants who usually consumed spicy
food (≥5 times/week) and who consumed spicy food perceived as moderate in pungency were signiﬁcantly higher than those who did not
(both P < 0·01). The frequency and the average amount of spicy food intake and the degree of pungency in spicy food were positively
associated with TAG (all Pfor trend < 0·05). Spicy food consumption was inversely associated with serum cholesterol and positively associated
with serum TAG, and additional studies are needed to conﬁrm the ﬁndings as well as to elucidate the potential roles of spicy food
consumption in lipid metabolism.
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CVD, one of the largest epidemics the world has faced, accounts
for more than half of all non-communicable diseases and has
become the leading cause of death worldwide(1). Dyslipidaemia
is one of the major risk factors in the pathogenesis of CVD(2),
often including hypercholesteraemia, hypertriacylglycerolaemia,
high LDL-cholesterol and low HDL-cholesterol. Different from
those in the USA and Europe, the main types of dyslipidaemia in
Asian countries including China manifest as hypertriacylglycerolaemia and low HDL-cholesterol(3,4). A report of the China
National Diabetes and Metabolic Disorders Study from 2007–2008
estimated that 9·0 % (88·1 million) of Chinese adults had high total
cholesterol (TC), 6·5 % (62·8 million) had high LDL-cholesterol
and 22·3 % (214·9 million) had low HDL-cholesterol(5). With rapid
socioeconomic development and resulting lifestyle changes, the
prevalence of dyslipidaemia has increased dramatically over the

past decade in China. Without effective intervention, it may result
in the soaring prevalence of related CVD and a huge medical
burden in the near future(5,6). Healthy lifestyles, especially
an appropriate dietary pattern, are key interventional targets in
primordial prevention of dyslipidaemia and CVD, and lifestyle
modiﬁcation is recommended as part of dyslipidaemia control
and management(7). Previous research studies have indicated
that some foods and their bioactive ingredients are effective in
improving an individual’s dyslipidaemia status(8–10).
Capsicum species have been commonly recognised and
consumed in fresh or cooked form and used as natural food
colourants or spices as well as in traditional medicine worldwide
as they contain many bioactive components such as small
organic acids, trigonelline, choline, cinnamic derivatives or
capsaicinoids(11–13). In China, chillies are among the most
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popular spicy foods consumed nationwide(14,15). The hypolipidaemic effect of capsicum species and their bioactive ingredients
was reported in animal experiments or small-sized population
studies. For example, the administration of green-pepper juice
was found to decrease serum TC, TAG, LDL-cholesterol and
alanine aminotransferase in high-fat diet induced mice(16).
Another animal study showed that capsaicinoids, a group of
pungent compounds in chillies, were beneﬁcial in improving
the lipoprotein proﬁle and aortic function in hamsters fed a highcholesterol diet(17), which was in agreement with a series of
animal studies(18–22). Moreover, the ingestion of chilli powder
was found to decrease fasting serum TC and TAG in pregnant
women with gestational diabetes mellitus (GDM) and might
contribute to pregnancy outcomes (forty-two participants)(23). In
contrast, one human intervention (twenty-seven participants)
reported that regular consumption of freshly chopped chillies for
4 weeks had no effect on serum lipids and lipoproteins(24).
Furthermore, another randomised crossover dietary intervention
study (thirty-six participants) found no obvious beneﬁcial or
harmful effects on metabolic parameters after 4 weeks of regular
chilli consumption(25).
These above-mentioned data suggest that spicy food may have
a beneﬁcial inﬂuence on lipid metabolism in animal models;
however, the lines of evidence involving the associations
between spicy food and lipid levels from human studies are
inconsistent, and there have been no large populationbased cohort studies. Moreover, there has been no large
population-based cohort study on the relationship between spicy
food consumption and blood lipid proﬁles. We therefore
evaluated associations between regular consumption of spicy
food (frequency and the average amount of intake) and serum
lipids in 6774 apparently healthy Chinese adults from the China
Health and Nutrition Survey (CHNS).

Methods
Study population
Data were extracted from the CHNS, which is an ongoing
longitudinal, household-based survey in nine geographically
diverse areas across China with the goal to examine the nutrition
and health transition of the Chinese population in the context of
fast socioeconomic changes(26–28). The CHNS was conducted in
nine rounds between 1989 and 2015, and this paper used the
cross-sectional data collected from the 2009 phase of the CHNS.
A multistage, random cluster sampling was implemented in the
CHNS, and the details of the participant-recruitment strategies
have been described elsewhere(26,27). The study sample was
drawn from nine provinces including Liaoning, Heilongjiang,
Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi and Guizhou
provinces, with a total coverage of seventy-three urban and
suburban neighbourhoods within the cities and 145 villages and
townships within the counties in 2009. In the present study, our
analysis focused on the adult population aged 18–65 years. We
excluded 1235 adult participants who had not undergone plasma
lipid testing, ninety-nine with questionable lipid values, ninety-six
without dietary assessment records, sixty-one pregnant women as
well as six without a deﬁnite response for the frequency of spicy
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Available for analysis
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Fig. 1. Participant flow diagram. CHNS, China Health and Nutrition Survey.

food consumption, which resulted in 6774 participants (3184 men
and 3590 women) in the ﬁnal analysis (Fig. 1). This study was
conducted according to the guidelines laid down in the
Declaration of Helsinki and the research protocol was reviewed
and approved by the Institute Review Board of the University
of North Carolina at Chapel Hill and the National Institute of
Nutrition and Food Safety, China Center for Disease Control and
Prevention. All participants provided written informed consent
before participation in the study.

Assessment of spicy food consumption and dietary intake
The assessment of dietary intake was based on three consecutive
24-h recalls (2 weekdays and 1 weekend day) at the individual
level, which was optimised by a food inventory taken at the
household level over the same 3 d(29,30). All foods remaining
after the last meal before the beginning of one 24-h dietary
assessment (F1), all purchases and home production (F2) as well
as food inventory (F3) at the end of one 24-h dietary assessment
were weighted and recorded each day. Digital diet and kitchen
scales with a minimum limit of 1 g and a maximum of 3 kg were
used throughout the assessment of household consumption(27).
Preparation waste was estimated when weighing was not
possible (F4), and actual household food consumption on each
day was calculated as follows: (F1 + F2) − (F3 + F4). To collect
individual dietary information, trained interviewers recorded all
types of food and the proportion of each dish consumed away
from and at home on a 24-h-recall day with the aid of food models
and pictures. The proportion of individual food consumed
was estimated as a percentage of total food consumed by
the household(27). The average intakes of the three consecutive
24-h recalls were used for each individual. According to the
food group classiﬁcation of the Chinese Food Composition Tables
from 2002 and 2004(31,32), the average vegetable intake (g/d) of
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each individual was estimated on the basis of 24-h dietary recall as
well as the average amount of spicy food (including fresh chillies,
dried chillies, chilli powder, chilli sauce and chilli oil) intake. The
average salt intake (g/d) of each individual was estimated on the
basis of weighing the salt inventory at the household level. Total
energy, carbohydrate, fat and cholesterol intakes were calculated
by CHNS on the basis of the Chinese Food Composition Table and
were categorised into four groups according to their quartiles as
well as average vegetable intake. The average amount of spicy
food intake was categorised into four predeﬁned groups to reﬂect
none, low, medium and high intakes. Previous studies have
indicated that the combination of a consecutive 3-d 24-h recall and
the household food inventory can improve the accuracy of recalls,
which may contribute to the assessment of the subgroups of food
and nutrient intakes(15,27,33).
In the 2009 survey, participants were asked ‘Do you like to
eat hot pepper or spicy food?’, with ﬁve response categories:
(1) no, (2) sometimes (≤2 times/week), (3) often (3–4 times/
week), (4) usually (≥5 times/week) and (5) unknown. The
participants who selected ‘unknown’ (three participants) or
gave no answer (three participants) were excluded from our
analyses. Unless the participant chose ‘no’ or ‘unknown’, he or
she was asked ‘Which kind of spicy food do you like?’, with four
response categories: (1) less hot, (2) moderately hot, (3) very
hot and (4) unknown.

Determination of serum lipid proﬁles
At the end of nutritional measurements, blood samples were
collected via venepuncture on the next morning after at least
12 h of fasting(33,34); samples were frozen and stored at −86°C for
later laboratory analysis. A national laboratory in Beijing (medical
laboratory accreditation certiﬁcate ISO 15189:2007) analysed
all samples using strict quality control(34–36). Laboratory analysis
methods for the serum lipid proﬁles including TC, TAG,
LDL-cholesterol and HDL-cholesterol are described in detail
elsewhere(35), and all lipid measurements were detected using the
Hitachi 7600 automated analyzer (Hitachi Inc.).

Measurements of physical activity and other covariates
Physical activity measurement was performed using staffadministered questionnaires including the four categories
of domestic, occupational, transportation and leisure activity,
which have been evaluated previously(37). Domestic activity was
measured on the basis of the average hours per day spent in
buying food, preparing food, washing clothes and sweeping
rooms during the previous week; occupational activity was
categorised into three levels (light, moderate and heavy intensity)
based on respondents’ job descriptions, and participants were
asked about the activity levels in their occupations and the
working hours during an average work week; transportation
activity was measured on the basis of four means of commuting to
and from work or school: walking, bicycling, bus or subway and
motorised vehicle, and all transportation activities were reported in
average hours per week; measurement of leisure activity was
based on ﬁve sports types: (1) martial arts, (2) gymnastics, dancing
or acrobatics, (3) jogging or swimming, (4) playing soccer,

basketball or tennis and (5) playing badminton, volleyball or table
tennis, and all leisure activities were reported in average hours per
weekday and weekend day. Metabolic equivalent (MET)-h/week
was estimated by multiplying the time spent in each activity by
its speciﬁc MET value based on the Compendium of Physical
Activities(38). A detailed description of the MET values for assessing
physical activity has been presented elsewhere(39).
Standing height was measured to the nearest 0·1 cm using a
portable SECA stadiometer, with the subject not wearing
shoes, and weight was measured to the nearest 0·1 kg using
a calibrated beam balance, with the subject not wearing
heavy clothes and shoes(35). Other demographic and lifestyle
covariates, including date of birth, sex, ethnicity, educational
level, smoking status and alcohol consumption were collected
by trained and experienced interviewers using a structured
questionnaire.

Statistical analysis
Participants’ characteristics were presented as the mean
values with standard deviations or as the median values with
interquartile ranges for continuous variables with or without
normal distribution, and as percentages for categorical variables.
Intakes of dietary components were expressed in g/d as well as
percentage of energy. ANOVA, non-parametric Kruskal–Wallis
tests (continuous variables) and χ2 tests (categorical variables)
were used to compare participants’ characteristics according to
the frequency of spicy food consumption. To examine the
associations between the frequency of spicy food intake and
serum lipid proﬁles, we used the statistical software MLwiN
2.36 to construct multilevel (three levels) mixed-effects linear
regression models (serum lipid levels) with individuals (level 1)
nested within community (level 2) and province (level 3).
Further, the associations between serum lipid proﬁles and
different kinds (degree of pungency) as well as the average
amount of spicy food intake, were examined using the
aforementioned multilevel models. The main analysis was
replicated in four multilevel analyses: original model without
any adjustments, model 2 adjusted for age, sex, nationality,
education, smoking status, alcohol consumption, BMI and
physical activity, model 3 additionally adjusted for dietary intake
of total energy and vegetable intake, and model 4 additionally
adjusted for dietary intake of carbohydrate, fat and cholesterol.
Descriptive and difference analyses were carried out using SPSS
version 20.0 (SPSS Inc.). All statistical tests were two-sided, and
P < 0·05 was considered statistically signiﬁcant.

Results
Table 1 displays the participants’ characteristics according to the
frequency of spicy food consumption. Frequency of spicy food
intake was signiﬁcantly positively associated with the amount of
spicy food intake (Pfor trend < 0·001). Compared with participants
who consumed spicy food less frequently (1–2 times/week
or less), those who consumed spicy food more frequently
(3–4 times/week or more) were more likely to be younger, male,
belong to an ethnic minority, smoke tobacco and consume
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Table 1. Characteristics of the study participants from the China Health and Nutrition Survey according to frequency of spicy food consumption
(Mean values and standard deviations; medians and interquartile ranges (IQR))
Frequency of spicy food consumption

No. participants
Spicy food intake (g/d)
Median
IQR
Age (years)
BMI (kg/m2)
Female (%)
Han nationality (%)
Education (years)
Current smoker (%)
Alcohol consumption (%)
Physical activities (MET-h/week)
Median
IQR
Total energy intake (kcal/d)†
Median
IQR
Carbohydrate intake (g/d)
Median
IQR
Carbohydrate (E%)
Fat intake (g/d)
Median
IQR
Fat (E%)
Cholesterol intake (g/d)
Median
IQR
Salt intake (g/d)
Vegetable intake (g/d)
Median
IQR

No
(0 times/week)

Sometimes
(1–2 times/week)

Often
(3–4 times/week)

Usually
(≥5 times/week)

Mean

Mean

Mean

Mean

SD

SD

SD

SD

Total
Mean

SD

P*

1837

2723

1375

839

6774

0·0
0·0–0·0
47·5
11·7
23·4
3·3
58·3
92·7
8·0
4·1
24·5
24·1

0·0
0·0–29·7
46·4
11·7
23·5
3·4
52·1
93·2
8·2
4·2
31·7
37·2

16·7
0·0–46·7
44·8
11·6
23·3
3·4
49·0
81·6
8·5
4·1
35·5
41·7

23·3
0·0–50·0
45·0
11·3
23·4
3·2
50·8
77·9
8·3
4·0
35·8
40·8

0·0
0·0–33·3
46·1
11·7
23·4
3·4
53·0
88·8
8·2
4·2
31·0
35·0

104·0
43·5–203·5

107·9
49·4–196·0

97·0
44·3–193·7

105·4
43·7–192·0

103·9
46·1–196·1

2040·9
1677·9–2458·6

2149·8
1759·0–2603·9

2171·4
1782·9–2600·2

2115·8
1687·6–2547·9

2126·4
1732·9–2559·8

<0·001

282·4
220·3–355·5
56·1
10·7

293·2
234·5–367·1
56·2
10·5

293·3
237·2–358·1
55·5
10·8

295·8
233·9–367·3
57·0
10·9

290·6
231·4–361·5
56·1
10·7

<0·001

68·0
50·3–90·5
31·2
10·5

71·8
51·8–96·6
31·2
10·5

73·3
51·8–98·8
31·7
10·9

69·2
47·7–95·4
30·5
10·7

70·7
50·9–95·3
31·2
10·6

<0·001

227·4
116·2–369·1
7·5
4·6

225·3
120·2–370·2
7·3
4·4

225·7
129·1–369·9
7·4
4·7

203·4
100·1–345·4
7·3
4·2

221·5
118·0–367·6
7·4
4·5

<0·001

300·0
201·3–411·2

310·0
216·7–416·7

333·3
230·0–445·0

306·7
221·7–404·7

313·3
216·7–416·7

<0·001

<0·001
<0·001
0·141
<0·001
<0·001
0·005
<0·001
<0·001
0·140

0·017

0·072

0·342

MET, metabolic equivalent; E%, percentage of energy.
* Differences across all categories were obtained by using ANOVA, the Kruskal–Wallis test or χ2 test.
† To convert energy in kcal/d to kJ/d, multiply by 4·184.

alcohol, and more likely to have higher intakes of total energy
and vegetables. However, there were no signiﬁcant differences
in BMI, educational level, physical activities and dietary intakes
of carbohydrate, fat and cholesterol, as well as in proportions of
energy intake from carbohydrate or fat and salt intake between
participants who consumed spicy food less frequently and the
others.
Frequency of spicy food consumption was signiﬁcantly
positively associated with TAG in a dose–response manner
(Pfor trend < 0·05) after adjustment for potential confounders and
control for clustering of data at multiple levels (individual, community and province). In contrast, multilevel-adjusted analyses
showed a signiﬁcantly inverse association between frequency of
spicy food consumption and LDL-cholesterol (Pfor trend < 0·05).
Compared with participants who did not eat spicy food,
signiﬁcantly lower LDL-cholesterol levels in those who ate spicy
food sometime (by 0·059 mmol/l; 95 % CI −0·116, −0·002;
P = 0·046) or often (by 0·110 mmol/l; 95 % CI −0·179, −0·041;
P = 0·002) were observed. In addition, a positive association was
found between frequency of spicy food consumption and HDLcholesterol in the present study (Pfor trend < 0·01); signiﬁcantly

higher HDL-cholesterol (by 0·110 mmol/l; 95 % CI 0·031, 0·189;
P = 0·007) was found in participants who usually ate spicy
food (≥5 times/week) compared with those who did not eat.
Furthermore, a higher frequency of spicy food consumption
was associated with a progressively lower LDL-cholesterol:
HDL-cholesterol ratio (Pfor trend < 0·001). Compared with participants who did not eat spicy food, those who consumed it
sometimes, often or usually had a lower LDL-cholesterol:HDLcholesterol ratio by 0·066 (95 % CI −0·122, −0·010; P = 0·021), 0·113
(95 % CI −0·180, −0·046; P = 0·001) or 0·133 (95 % CI −0·211,
−0·055; P = 0·001), respectively (Table 2).
We further performed multilevel analyses according to the
average amount of spicy food intake (Table 3). Similar to the
frequency of spicy food consumption, the average amount of
spicy food was positively associated with TAG (Pfor trend < 0·01)
and inversely associated with LDL-cholesterol (Pfor trend < 0·01)
and LDL-cholesterol:HDL-cholesterol ratio (Pfor trend < 0·01). In
addition, compared with participants who did not consume
spicy food, those who consumed a low amount of spicy food
(0·1–25·0 g/d) had lower TC by 0·110 mmol/l (95 % CI −0·178,
−0·042; P = 0·001).
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Table 2. Multilevel-adjusted associations between categories of frequency of spicy food consumption and serum lipid profiles*
(β-Coefficients and 95 % confidence intervals)
Frequency of spicy food consumption (n 6774)
No (0 times/week) Sometimes (1–2 times/week)
β
No. participants
TC (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
TAG (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
LDL-cholesterol (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
HDL-cholesterol (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
LDL-cholesterol:HDL-cholesterol ratio
Model 1†
Model 2‡
Model 3§
Model 4||

4·86

1·55

3·03

1·41

2·26

95 % CI
1837
1·00
Ref.
Ref.
Ref.
Ref.
1·23
Ref.
Ref.
Ref.
Ref.
0·99
Ref.
Ref.
Ref.
Ref.
0·36
Ref.
Ref.
Ref.
Ref.
0·86
Ref.
Ref.
Ref.
Ref.

β

95 % CI

Often (3–4 times/week)
β

2723
4·80
−0·056
−0·032
−0·030
−0·027
1·61
0·049
0·034
0·036
0·036
2·94
−0·093
−0·063
−0·062
−0·059
1·41
0·006
0·028
0·024
0·027
2·19
−0·078
−0·072
−0·068
−0·066

95 % CI

Usually (≥ 5 times/week)
β

1375

0·99
−0·115, 0·003
−0·089, 0·025
−0·087, 0·027
−0·083, 0·029
1·25
−0·010, 0·108
−0·023, 0·091
−0·021, 0·093
−0·021, 0·093
0·92
−0·152, −0·034
−0·120, −0·006
−0·119, −0·005
−0·116, −0·002
0·37
−0·053, 0·065
−0·029, 0·085
−0·033, 0·081
−0·030, 0·084
0·81
−0·137, −0·019
−0·128, −0·016
−0·124, −0·012
−0·122, −0·010

4·77
−0·092
−0·044
−0·038
−0·041
1·67
0·092
0·069
0·072
0·066
2·86
−0·180
−0·118
−0·111
−0·110
1·42
0·029
0·054
0·049
0·051
2·13
−0·149
−0·123
−0·114
−0·113

0·99
−0·162, −0·022
−0·112, 0·024
−0·106, 0·030
−0·109, 0·027
1·31
0·022, 0·162
0·001, 0·137
0·004, 0·140
−0·002, 0·134
0·91
−0·250, −0·110
−0·187, −0·049
−0·180, −0·042
−0·179, −0·041
0·40
−0·041, 0·099
−0·014, 0·122
−0·019, 0·117
−0·017, 0·119
0·82
−0·219, −0·079
−0·190, −0·056
−0·181, −0·047
−0·180, −0·046

95 % CI

Pfor

trend

839
4·82
−0·042
−0·004
−0·004
0·006
1·68
0·106
0·091
0·090
0·091
2·90
−0·135
−0·078
−0·077
−0·072
1·45
0·104
0·102
0·102
0·110
2·11
−0·174
−0·136
−0·135
−0·133

0·93
−0·124, 0·040
−0·083, 0·075
−0·083, 0·075
−0·073, 0·085
1·28
0·024, 0·188
0·012, 0·170
0·011, 0·169
0·012, 0·170
0·97
−0·216, −0·054
−0·158, 0·002
−0·157, 0·003
−0·152, 0·008
0·38
0·022, 0·186
0·023, 0·181
0·023, 0·181
0·031, 0·189
0·83
−0·255, −0·093
−0·214, −0·058
−0·213, −0·057
−0·211, −0·055

0·213
0·078
0·615
0·674
0·762
0·005
0·002
0·010
0·010
0·013
<0·001
<0·001
0·005
0·007
0·010
0·009
0·017
0·009
0·010
0·006
<0·001
<0·001
<0·001
<0·001
<0·001

TC, total cholesterol; Ref., referent values.
* All of the models were constructed by using multilevel (three levels) mixed-effects linear regression with iterative generalised least-squares method.
† Model 1: original model without any adjustments.
‡ Model 2: adjusted for age, sex (male or female), nationality (Han or others), education (≤6·0, 7·0–9·0 or >9·0 years), smoking status (current or not current), alcohol consumption
(yes or no), BMI (<18·5, 18·5–24·9, 25–29·9, ≥30 kg/m2 and missing) and physical activity (quartile).
§ Model 3: adjusted as for model 2 plus dietary intake of total energy (quartile) and vegetables (quartile).
|| Model 4: adjusted as for model 3 plus dietary intakes of carbohydrate (quartile), fat (quartile) and cholesterol (quartile).

Associations between different degrees of pungency in spicy
food consumed and serum lipid proﬁles are shown in Table 4.
No association between the degree of pungency in spicy
food consumed and serum TC was observed in multileveladjusted analyses. Compared with participants who did not eat
spicy food, those who ate moderately hot food exhibited
signiﬁcantly higher HDL-cholesterol level (by 0·091 mmol/l;
95 % CI 0·030, 0·152; P = 0·003). In contrast, a positive association
between the degree of pungency and serum TAG was found
in the present study (P < 0·05). Participants who ate less hot
(by 0·069 mmol/l; 95 % CI −0·128, −0·010; P = 0·022), moderately
hot (by 0·072 mmol/l; 95 % CI −0·133, −0·011; P = 0·021) and
very hot (by 0·135 mmol/l; 95 % CI −0·239, −0·031; P = 0·011)
food presented signiﬁcantly lower serum LDL-cholesterol than
those who did not eat spicy food, which showed a statistically
linear trend (Pfor trend < 0·01). Further, the degree of pungency
in spicy food was observed to be inversely associated
with the LDL-cholesterol:HDL-cholesterol ratio in the current
study (Pfor trend < 0·01); LDL-cholesterol:HDL-cholesterol ratio in
participants who consumed less hot (by 0·076; 95 % CI −0·134,
−0·018; P = 0·010) and moderately hot (by 0·117; 95 % CI −0·177,
−0·057; P < 0·001) food were signiﬁcantly lower than those who
did not eat spicy food.

Discussion
To our knowledge, no published studies that examined the
relationship between spicy food consumption and serum lipids
have enrolled a geographically diverse and large-scale participant
population. In our study, we examined whether spicy food
consumption and the degree of pungency in spicy food are
associated with serum lipid proﬁles in a Chinese population. We
found that the frequency of spicy food consumption and the
average amount of spicy food intake were inversely associated
with LDL-cholesterol. In addition, it was observed that the
frequency of spicy food consumption and the average amount of
spicy food intake were inversely associated with LDL-cholesterol:
HDL-cholesterol ratio, which suggests that spicy food intake may
be an alternative choice to reduce the risk for CVD. Further
analysis of the results showed that those associations might be
due to bioactive components responsible for pungency in spicy
food. In contrast, our results showed that the frequency of spicy
food consumption and the average amount of spicy food intake
were positively associated with serum TAG.
One study(40) collected information on the pattern of spice
use, as well as the frequency and quantity of consumption of
seventeen spices routinely used in Indian cuisine, and showed
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Table 3. Multilevel-adjusted associations between categories of average amount of spicy food intake and serum lipid profiles*
(β-Coefficients and 95 % confidence intervals)
Average amount of spicy food intake (n 6774)
0·0 g/d
β
No. participants
TC (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
TAG (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
LDL-cholesterol (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
HDL-cholesterol (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
LDL-cholesterol:HDL-cholesterol ratio
Model 1†
Model 2‡
Model 3§
Model 4||

4·84

1·59

2·99

1·42

2·22

95 % CI
3846
1·00
Ref.
Ref.
Ref.
Ref.
1·23
Ref.
Ref.
Ref.
Ref.
0·96
Ref.
Ref.
Ref.
Ref.
0·37
Ref.
Ref.
Ref.
Ref.
0·84
Ref.
Ref.
Ref.
Ref.

0·1–25·0 g/d
β

95 % CI

β

951
4·71
−0·131
−0·096
−0·105
−0·110
1·56
−0·022
0·003
0·002
−0·004
2·86
−0·138
−0·100
−0·109
−0·109
1·42
0·009
−0·017
−0·017
−0·018
2·12
−0·117
−0·072
−0·081
−0·082

> 50·0 g/d

25·1–50·0 g/d
95 % CI

β

1105

0·93
−0·202, −0·060
−0·164, −0·028
−0·173, −0·037
−0·178, −0·042
1·19
−0·093, 0·049
−0·065, 0·071
−0·066, 0·070
−0·072, 0·064
0·94
−0·209, −0·067
−0·169, −0·031
−0·178, −0·040
−0·178, −0·040
0·36
−0·062, 0·080
−0·085, 0·051
−0·086, 0·052
−0·087, 0·051
0·84
−0·188, −0·046
−0·139, −0·005
−0·149, −0·013
−0·150, −0·014

4·82
−0·024
0·004
0·008
−0·003
1·70
0·088
0·092
0·089
0·081
2·94
−0·045
−0·017
−0·011
−0·016
1·40
−0·048
−0·041
−0·037
−0·039
2·21
−0·010
0·007
0·010
0·006

1·00
−0·091, 0·043
−0·060, 0·068
−0·056, 0·072
−0·067, 0·061
1·34
0·021, 0·155
0·028, 0·156
0·025, 0·153
0·017, 0·145
0·93
−0·112, 0·022
−0·081, 0·047
−0·076, 0·054
−0·081, 0·049
0·37
−0·115, 0·019
−0·105, 0·023
−0·101, 0·027
−0·104, 0·026
0·81
−0·077, 0·057
−0·056, 0·070
−0·053, 0·073
−0·058, 0·070

95 % CI

Pfor

trend

872
4·77
−0·071
−0·061
−0·041
−0·052
1·69
0·084
0·080
0·089
0·086
2·86
−0·134
−0·119
−0·100
−0·106
1·44
0·064
0·061
0·054
0·048
2·09
−0·157
−0·146
−0·122
−0·126

0·98
−0·144, 0·002
−0·131, 0·009
−0·112, 0·030
−0·123, 0·019
1·36
0·011, 0·157
0·010, 0·150
0·017, 0·161
0·014, 0·158
0·88
−0·207, −0·061
−0·190, −0·048
−0·172, −0·028
−0·178, −0·034
0·38
−0·009, 0·137
−0·009, 0·131
−0·018, 0·126
−0·024, 0·120
0·76
−0·230, −0·084
−0·215, −0·077
−0·193, −0·051
−0·197, −0·055

0·384
0·046
0·161
0·326
0·172
0·003
0·004
0·002
0·002
0·003
0·010
<0·001
0·003
0·014
0·008
0·268
0·517
0·491
0·587
0·677
0·003
<0·001
0·001
0·009
0·006

TC, total cholesterol; Ref, referent values.
* All of the models were constructed using multilevel (three levels) mixed-effects linear regression with the iterative generalised least-squares method.
† Model 1: original model without any adjustments.
‡ Model 2: adjusted for age, sex (male or female), nationality (Han or others), education (≤6·0, 7·0–9·0 or >9·0 years), smoking status (current or not current), alcohol consumption
(yes or no), BMI (<18·5, 18·5–24·9, 25–29·9, ≥30 kg/m2 and missing) and physical activity (quartile).
§ Model 3: adjusted as for model 2 plus dietary intake of total energy (quartile) and vegetables (quartile).
|| Model 4: adjusted as for model 3 plus dietary intakes of carbohydrate (quartile), fat (quartile) and cholesterol (quartile).

that the frequency of consumption of spice-containing dishes
facilitated in quantifying spice intake at the individual level. A
previous study(15) using a similar questionnaire on frequency of
spicy food consumption carried out a validated pilot investigation on dietary habits from repeated collections of dietary
information, and found that intakes of dietary factors, including
spicy food, were highly consistent over time (1·4 years).
Moreover, the frequency of spicy food consumption was found
to be positively associated with the average amount of spicy
food intake according to dietary-intake recall (Pfor trend < 0·001)
in our study, which indicates that the assessment of frequency
of spicy food consumption is consistent, reliable and
informative, at least for ranking participant behaviours and
estimating relative risks.
The effects of chillies on the modulation of lipid metabolism
have been extensively investigated in high-fat animal models.
Kim & Park(16) have reported that serum TAG, TC and LDLcholesterol in mice on a 45 % high-fat diet supplemented with
green-pepper juice (10 ml/kg per d) were signiﬁcantly lower
than those not fed green-pepper juice. Kwon et al.(41) have
shown that feeding a 1 % red-pepper powder +1 % cholesterol
diet to rabbits led to a signiﬁcant decrease in TC, TAG, LDLcholesterol and VLDL-cholesterol, and a signiﬁcant increase

in HDL-cholesterol in comparison with the control. The present
human study showed that serum LDL-cholesterol and
LDL-cholesterol:HDL-cholesterol ratio were inversely associated
with spicy food consumption; also, a signiﬁcant decrease in TC
and a signiﬁcant increase in HDL-cholesterol were found in
subgroups of spicy food consumption in comparison with those
without spicy food intake. Considering the fact that modulation
of lipid metabolism plays an important role in the process of CVD
development(1,6,35,36), chilli consumption may be an alternative
choice for cardiovascular health protection. Although improvement of lipid metabolism was not conﬁrmed in other human
studies, positive ﬁndings were reported from the regular
consumption of chillies for 4 weeks on the resistance of serum
lipoproteins to oxidation in healthy adults(24), as well as on the
increase of serum apoB with chilli supplementation in women
having GDM(23). However, another clinical study with a chilli
diet has observed no obvious beneﬁcial effects on lipid
metabolism during 3 weeks of intervention(25). The major
differences between the present study and those clinical studies
were research type, study population and sample size.
These studies(24,25) aimed to ﬁnd changes in serum lipids and
lipoproteins after only 3 or 4 weeks of chilli-food intervention,
which would prove more difﬁcult in terms of obtaining
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Table 4. Multilevel-adjusted associations between categories of degree of pungency in spicy food and serum lipid profiles*
(β-Coefficients and 95 % confidence intervals)
Degree of pungency in spicy food (n 6761)
Non-eating
β
No. participants
TC (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
TAG (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
LDL-cholesterol (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
HDL-cholesterol (mmol/l)
Model 1†
Model 2‡
Model 3§
Model 4||
LDL-cholesterol:HDL-cholesterol ratio
Model 1†
Model 2‡
Model 3§
Model 4||

4·86

1·55

3·03

1·41

2·26

95 % CI
1837
1·00
Ref.
Ref.
Ref.
Ref.
1·23
Ref.
Ref.
Ref.
Ref.
0·99
Ref.
Ref.
Ref.
Ref.
0·36
Ref.
Ref.
Ref.
Ref.
0·86
Ref.
Ref.
Ref.
Ref.

Low pungency
β

Moderate pungency

95 % CI

β

2375
4·81
−0·048
−0·039
−0·037
−0·034
1·63
0·061
0·040
0·042
0·040
2·94
−0·092
−0·074
−0·072
−0·069
1·41
0·011
0·026
0·023
0·027
2·19
−0·082
−0·080
−0·076
−0·076

95 % CI

High pungency
β

2135

0·99
−0·109, 0·013
−0·097, 0·019
−0·095, 0·021
−0·092, 0·024
1·29
0·000, 0·122
−0·019, 0·099
−0·017, 0·101
−0·019, 0·099
0·92
−0·153, −0·031
−0·133, −0·015
−0·131, −0·013
−0·128, −0·010
0·37
−0·050, 0·072
−0·033, 0·085
−0·036, 0·082
−0·032, 0·086
0·80
−0·143, −0·021
−0·138, −0·022
−0·134, −0·018
−0·134, −0·018

4·79
−0·064
−0·008
−0·004
−0·003
1·64
0·073
0·061
0·064
0·061
2·89
−0·145
−0·078
−0·075
−0·072
1·44
0·073
0·094
0·089
0·091
2·12
−0·158
−0·126
−0·119
−0·117

0·97
−0·126, −0·002
−0·068, 0·052
−0·064, 0·056
−0·063, 0·057
1·24
0·011, 0·135
0·000, 0·122
0·003, 0·125
0·000, 0·122
0·93
−0·207, −0·083
−0·139, −0·017
−0·136, −0·014
−0·133, −0·011
0·38
0·011, 0·135
0·033, 0·155
0·028, 0·150
0·030, 0·152
0·82
−0·220, −0·096
−0·186, −0·066
−0·179, −0·059
−0·177, −0·057

95 % CI

Pfor

trend

414
4·70
−0·161
−0·109
−0·106
−0·099
1·70
0·119
0·094
0·093
0·096
2·83
−0·218
−0·144
−0·140
−0·135
1·37
−0·101
−0·086
−0·085
−0·083
2·19
−0·074
−0·037
−0·034
−0·030

0·96
−0·267, −0·055
−0·211, −0·007
−0·208, −0·004
−0·201, 0·003
1·36
0·012, 0·226
−0·009, 0·197
−0·010, 0·196
−0·007, 0·199
0·91
−0·324, −0·112
−0·248, −0·040
−0·244, −0·036
−0·239, −0·031
0·40
−0·208, 0·006
−0·190, 0·018
−0·188, 0·018
−0·186, 0·020
0·86
−0·180, 0·032
−0·139, 0·065
−0·136, 0·068
−0·132, 0·072

0·003
0·003
0·257
0·304
0·351
0·026
0·008
0·023
0·021
0·022
<0·001
<0·001
0·003
0·004
0·005
0·144
0·512
0·207
0·245
0·225
0·071
<0·001
0·002
0·004
0·005

TC, total cholesterol; Ref, referent values.
* All of the models were constructed using multilevel (three levels) mixed-effects linear regression with iterative generalised least-squares method.
† Model 1: original model without any adjustments.
‡ Model 2: adjusted for age, sex (male or female), nationality (Han or others), education (≤6·0, 7·0–9·0 or >9·0 years), smoking status (current or not current), alcohol consumption
(yes or no), BMI (<18·5, 18·5–24·9, 25–29·9, ≥30 kg/m2 and missing) and physical activity (quartile).
§ Model 3: adjusted as for model 2 plus dietary intake of total energy (quartile) and vegetables (quartile).
|| Model 4: adjusted as for model 3 plus dietary intakes of carbohydrate (quartile), fat (quartile) and cholesterol (quartile).

signiﬁcant results than checking the association between spicy
food consumption and serum lipids. The strengths of our study
are the large sample size and the cautious analyses from different
dimensions (frequency and amount of spicy food intake, and the
degree of pungency of spicy food consumed). Considering the
inherent defects of a cross-sectional study, further investigations
are warranted to conﬁrm the relation between spicy food
consumption and lipid metabolism. It is noteworthy that the use
of spice has been suggested in Western countries in order to
reduce salt consumption that could increase cardiovascular risk.
However, a signiﬁcant association between spicy food and salt
consumption was not found in the present study.
The hypocholesterolaemic effect of spicy food consumption
observed in the present study may be due to the capsaicinoids or a
combined effect with other phytochemicals such as ascorbic acid,
tocopherol, carotenoids and phenolic compounds present in the
chilli. Capsaicinoids, a group of pungent compounds found in
chillies, contain capsaicin, dihydrocapsaicin, nordihydrocapsaicin,
homodihydrocapsaicin and homocapsaicin, etc.(20). Capsaicinoids
have been found to increase energy expenditure(42), reduce
adipose tissue(43,44), decrease oxidative stress(45) and enhance
lipid metabolism(19,46,47). The possible mechanism of the hypocholesterolaemic effect could be through decreased cholesterol
absorption accompanied by increased excretion of cholesterol

and bile acids in the faeces by regulating the expression of hepatic
LDL receptors(17,45). Accumulated evidence demonstrates that
dietary capsaicinoids can effectively up-regulate the expression of
hepatic cholester-7α-hydroxylase and stimulate the conversion
of cholesterol to bile acids(17,20,22,48), whereas they do not affect
the expression of 3-hydroxy-3-methylglutaryl-CoA reductase that
is involved in cholesterol synthesis(20). Our results are consistent
with the above-mentioned results from animal studies and showed
that the degree of pungency in spicy food was inversely associated
with LDL-cholesterol and LDL-cholesterol:HDL-cholesterol ratio,
indicating that capsaicinoids might play a central role in the
hypocholesterolaemic effect. In addition, capsanthin, the major
carotenoid present in chillies, attenuates obesity-induced
inﬂammation(49), inhibits LDL oxidation(50) and raises plasma
HDL-cholesterol levels(51). Moreover, chilli peppers are a
remarkable source of phenolic compounds particularly ﬂavonoids,
quercetin and luteolin(52), and these compounds exhibit antioxidant, anti-inﬂammatory and hypolipidaemic activities, which
are closely linked to the prevention and management of CVD(53).
Chilli peppers and their extracts, particularly capsaicinoids,
showed TAG-lowering properties in animal studies(16,17,20,54).
However, positive associations were found between serum TAG
concentration and the frequency of spicy food consumption as well
as the average amount of spicy food intake in the present study.
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The potential explanation may be that increased total energy and
fat intake in humans was associated with spicy food intake. The
type of dyslipidaemia (mainly hypertriacylglycerolaemia and low
HDL-cholesterol) in Chinese adults is different from those in
Western countries (mainly hypercholesteraemia and high
LDL-cholesterol)(3,4), probably because of low dietary fat and
cholesterol intake and high carbohydrate intake in Chinese
adults(4). In contrast with meat being part of the staple food in a
typical Western diet, plain and tasteless rice- or ﬂour-based foods
are staples for the Chinese population(55). Chillies can transform
those insipid foods into attractive, appetising meals by imparting
a pleasing ﬂavour, colour and pungency, which may result in
increasing total energy and carbohydrate intakes in Chinese
people(15,55) (our data partly support this theory). In addition, apart
from fresh chillies, some chilli products are popular in China,
including not only chilli powder but also mixtures known as
chilli sauce, chilli oil and pickles with substantial salt and/or TAG
content(15). Further, given the fact that spicy foods are more meatbased rather than vegetable-based in Chinese cuisines(56), such as
hot pot and beef jerky, more salt and/or oil are consumed for the
improvement of ﬂavour and preservation. Actually, Sun et al.(55)
have showed that spicy food intake is a potential risk factor for
obesity in the Chinese population, especially for central obesity in
males, which partly agreed with the ﬁndings from a Korean study
by Yoo et al.(57). Increasing the energy and fat intake would
contribute to elevated TAG levels in blood and the accumulation of
fat in tissue. However, not all hypolipidaemic mechanisms of chilli
peppers and their extracts are completely known and understood,
and more research is needed to elucidate these functional
mechanisms, especially of TAG metabolism.
Some limitations of the present study should be mentioned.
First, the cholesterol-reducing activity of chillies and related
mechanisms were reported in animal studies, which are
consistent with our results, but the serum TAG -lowering effect
of spicy food in animal studies was contradictory to our results.
It is difﬁcult to accurately assess oil intake by individual dietary
recall even when using inventory change combined with
the weighting method, because the amount of oil and fat in
processed spicy food and of those left in the residue of food
was uncertain. Future studies might develop more effective and
accurate methods to estimate oil intake for exploration of the
association between spicy food and serum TAG after controlling for potential confounders from dietary oil consumption.
Second, though this longitudinal survey has been conducted in
different years, information about the frequency of spicy food
consumption was only collected in the 2009 survey. On the
basis of the cross-sectional analysis, it is useful to outline the
associations between spicy food consumption and serum lipid
proﬁles, but it cannot establish their causal relationship.
Otherwise, the pathophysiological mechanisms underlying the
effect of spicy food consumption on serum lipid proﬁles cannot
be investigated in the present observational study.

Conclusions
To our knowledge, this cross-sectional study is the ﬁrst one
carried out in a geographically diverse and large-scale population
that shows frequency of spicy food consumption to be inversely
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related to LDL-cholesterol and LDL-cholesterol:HDL-cholesterol
ratio, and positively to HDL-cholesterol. These associations are
reinforced further by the average degree of pungency in spicy
food and the amount of spicy food intake, which indicate that
spicy food consumption may be a protective factor for cholesterol
metabolism in the Chinese adult population and that bioactive
components responsible for pungency in spicy food may play an
important role in these interactions. However, positive associations
between spicy food consumption and serum TAG concentration
are found in the present study, which may be due to increasing
energy and oil intake accompanying spicy food consumption. The
ﬁndings from our study suggest that spicy food consumption may
contribute to cardiovascular health, and additional research is
needed to conﬁrm this ﬁnding as well as the potential roles of
spicy food in cholesterol and TAG metabolisms.
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