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Abstract

Objective: The purpose of the current study was to investigate associations
between spicy food intake and serum lipids levels in Chinese rural population.
Design: Information on spicy food flavour and intake frequency was obtained
using a two-item questionnaire survey. Dietary data were collected using a vali-
dated thirteen-item FFQ. Fasting blood samples were collected and measured
for total cholesterol (TC), TAG, HDL-cholesterol and LDL-cholesterol.
Multivariate linear and logistic regression models were employed to examine
the relationship between spicy food and serum lipids levels according to the spicy
food flavour and intake frequency, respectively.

Setting: A cross-sectional study in Henan Province.

Participants: 38 238 participants aged 18-79 years old.

Results: Spicy flavour and intake frequency were consistently associated with
decreased TC and non-HDL-cholesterol levels but mildly associated with elevated
TAG levels. Each level increment in spicy flavour was inversely associated with
high TC (OR: 0-91; 95 % CI 0-88, 0-93) and high non-HDL-cholesterol (OR: 0-88;
95 % CI 0-85, 0-91) but positively associated with high TAG (OR: 1-04; 95 % CI
1-01, 1-07). Similarly, 1-d increment in spicy food intake frequency was also
inversely associated with high TC (OR: 0-92; 95% CI 0-91, 0-94) and high non-
HDL-cholesterol (OR: 0-91; 95 % CI 0-89, 0-93) but positively associated with high
TAG (OR: 1-04; 95 % CI 1-02, 1-06).

Conclusions: Spicy food intake was mildly associated with increased risk of abnor-
mal TAG level, significantly associated with decreased risk of abnormal TC and
non-HDL levels. Spicy food intake may be contribute to the management of lipid
levels.
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With rapid economic growth and adverse changes in life-
style, CVD have ranked highest among the leading cause
of death in developed countries and most developing
countries as well as in China”. For instance, the annual
number of deaths owing to CVD increased from 2-51
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million to 3-97 million between 1990 and 2016 in China;
in 2016, the prevalent cases of CVD reached nearly 94 mil-
lion with a high disability-adjusted life years attributable to
CVD (78-106 million)®. Abnormal lipid levels, as one of the
leading causes of atherosclerosis, which are positively
linked with the development of CVD®, are characterised
by elevated levels of serum total cholesterol (TC), TAG
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and LDL-cholesterol, and low levels of HDL-cholesterol.
Recently, Chinese adults experienced a high prevalence
of abnormal serum lipid levels; the prevalence of high
TC, high LDL-cholesterol, low HDL-cholesterol and high
TAG was 6-9, 81, 20-4 and 13-8 %, respectively™®. There
is also accumulating evidence that other lipid measures
such as non-HDL-cholesterol and apoB may be more
accurate predictors of CVD risk®. A serum non-HDL-
cholesterol level is a comprehensive measure of athero-
genic lipids, which included LDL-cholesterol, lipoprotein
(), intermediate-density lipoprotein and VLDL remnants®.
Growing evidence suggests that elevated serum non-HDL-
cholesterol levels are related to an increased risk of CVD
events in the general population®”. Many studies show
that diet is one of the most important modifiable risk factors
for lipid metabolism®'?  providing effective means to
achieve healthy and nutritious diets is essential for CVD
prevention.

Chili is one of the most popular and important spices,
used as food flavouring!. Spiciness or pungency was
regarded as one of the basic tastes in ancient India and
China®!? . According to the FAO of United Nations in
2017, the domestic supply quantity of spices in China
was up to 253 000 tonnes and the annual food supply quan-
tity per capita was about 0-17 kg'"®. In China, more than
30 % of adults eat spicy food, daily™®. A lot of studies have
been conducted to explore the effects of spicy food and
their bioactive ingredients such as capsaicin. Many studies
have shown healthy benefits of chili, including
antimicrobial, anti-oxidative®, anti-inflammatory, anti-
obesity!® and hypolipidaemic effects’”. It is also demon-
strated that spicy food has a beneficial effect on supporting
weight management'®, controlling hypertension™ and
both total and certain cause-specific mortality**??, But
some studies also have found there are positive associa-
tions between spicy food consumption or spicy strength
and risk of several health outcomes: a meta-analysis based
on evidence from case—control studies (7884 patients with
cancer and 10 142 controls) suggested that a higher level of
spicy food intake may be associated with an increased inci-
dence of cancer®?; a total of 434 556 adults cross-sectional
study indicated that spicy food intake (including frequency,
strength and duration of spicy food eating) is a risk factor
for obesity in China®?; another cross-sectional study con-
ducted among 512 891 Chinese adults found a positive
association between the level of spicy food intake and his-
tory of fractures®”. In addition, although two studies have
explored the association between spicy food and lipid pro-
files in Chinese people®®*? however, there were some
inconsistent results on lipid measures, and the association
of spicy strength with lipids levels has not been examined.
For example, Xue et al.*® have found that spicy food con-
sumption was inversely associated with TC and positively
associated with serum TAG in adults, while Yu et al.®>
only observed that women with higher frequency of spicy
food consumption had lower TC, LDL-cholesterol and
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LDL-cholesterol/HDL-cholesterol. Moreover, Almotayri
et al®® suggested that the antioxidant and anti-
inflammatory properties of spices may play an important
role in ameliorating the inflammatory process of some
chronic diseases such as abnormal serum lipid levels.
However, the epidemiological evidence on the association
of spicy food intake with serum lipid levels is limited and
needed to be further explored.

Given the context as mentioned above, therefore, the
current study aimed to investigate the associations between
spicy food flavour or intake frequency and blood lipid
levels and risk of abnormal serum lipid levels in a large
Chinese rural population from the Henan Rural
Cohort Study.

Methods

Study population

Henan province is located in central China, which is an
important province in agricultural production, with a rural
population accounting for 79 % of the total population
(approximately 94 million in 2010)*”. The rural population
of Henan province accounts for 10 % of China’s rural pop-
ulation and is typical of rural areas in China. The study
design is cross-sectional, based on the baseline survey of
the Henan Rural Cohort Study, which was registered on
the Chinese Clinical Trial Register (Registration number:
ChiCTR-OOC-15006699). The cohort profile has been
described®”. A multistage, stratified cluster sampling
method was used to obtain samples in the general popula-
tion. Briefly, the baseline survey was carried out in Yuzhou,
Suiping, Tongxu, Xinxiang and Yima counties of Henan
province in China between July 2015 and September
2017. A total of 39 259 people aged 18-79 years old and
with complete information of the questionnaire and physi-
cal measurements were recruited into the current study. To
better estimate the relationship between spicy food intake
and lipid metabolism, participants with incomplete infor-
mation of spicy food (z 29), missing data about TC,
TAG, HDL-cholesterol, LDL-cholesterol (1 197) were
excluded. We also excluded those participants who had
a self-reported doctor diagnosis of cancer (1 329) or hep-
atitis (1 466). Finally, 38 238 participants with information
of spicy flavour were included in the current analysis, of
which 29 034 participants had information on spicy food
intake frequency. In addition, information on family history
of hyperlipidaemia, CHD and stroke was collected from all
participants.

Assessment of spicy food intake and dietary
intake

Information about spicy food intake was collected using a
two-item questionnaire survey by well-trained staffs
through face-to-face interviews. Spicy food flavour and
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intake frequency were assessed as proxy of spicy food
intake. For assessment of the flavour of spicy food, partici-
pants were asked ‘How much do you like the spicy flavor in
your food? (1) no, (2) mild, (3) middle and (4) heavy.
Participants were further asked ‘During the past month,
how often did you eat spicy foods in one week? (1) never,
(2 1-2 d/week, (3) 3-5 d/week and (4) 6 or
7 d/week™® . The test—retest reliability and the internal con-
sistency of questionnaire were accredited through a pilot
study with seventy-six subjects. The internal consistency
of Cronbach’s a coefficients was 0-978 for spicy food intake
frequency, which indicated that the variable could provide
a reasonable estimation of spicy food intake.

Individual dietary intake data were collected by a vali-
dated FFQ®”. The FFQ consisted of thirteen main food
groups, including staple, livestock, poultry, fish, eggs, dairy,
fruits, vegetables, beans, nuts, pickles, cereal and animal oil.
For each food item, participants were asked to report the
quantity and frequency of food they consumed over the past
year. The interviewee was required to state the quantity of
food consumed (kg, @) according to five frequencies of
consumption (never, day, week, month, year). The three
consecutive day (1 weekend day and 2 weekdays) 24-h
dietary recalls were conducted in a small sample to validate
the FFQ, and the results demonstrated that they could be
used as a representative tool to conduct a dietary evaluation
of a rural population®. For each individual, the mean total
daily energy intake and the proportions from protein, fatand
carbohydrate were derived from dietary data according to
the Chinese Food Composition Table 20043, In addition,
four dietary patterns were identified using factor analysis
as described before (dietary pattern I: red meat, white meat
and fish; pattern II: vegetables, staple food and fruits; pat-
tern III: grains, nuts, beans, pickles and animal oils; and
pattern IV: milk and eggs)®P.

Lipid parameters quantification

After at least 8 h of overnight fasting, venous blood speci-
men was collected in vacuum tubes without anticoagula-
tion. Serum samples were separated from whole blood
through centrifugation for 10 min at 3000 rpm at room
temperature, and then were sent to measure TC, TAG,
HDL-cholesterol and LDL-cholesterol. TC, HDL-
cholesterol, LDL-cholesterol and TAG were measured by
enzymatic methods with an automatic chemistry analyser
(Cobas €501, Roche Diagnostics GmbH). Serum non-
HDL-cholesterol levels were calculated by subtracting
HDL-cholesterol from TC values. According to the latest
Chinese guidelines on prevention and treatment of dyslipi-
daemia in adults®® and National Cholesterol Education
Program Adult Treatment Panel III criteria®®, the cut-off
values for abnormal TC, TAG, HDL-cholesterol, LDLC
and non-HDL-cholesterol levels (borderline high or low)
were 5-18 mmol/l (200 mg/dD, 1-70 mmol/1 (150 mg/dD),
1-04 mmol/l (40 mg/dD), 4-14 mmol/l (160 mg/dl) and
410 mmol/l (160 mg/dD), respectively.
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Assessment and definitions of covariates

The detailed information on demographic characteristics
(name, sex, age, marital status, educational level) and life-
style factors (tobacco use, alcohol use, physical activity,
disease history) was collected through face-to-face inter-
view by the trained research staff using a standardised
questionnaire. The following variables were included in
the current study: age, education (illiterate and elementary,
middle school and high school and above), tobacco use
(current smoker was defined as smoking at least one ciga-
rette/d for 6 consecutive months), alcohol use (current
drinker was defined as alcohol drinking at least twelve
times/year as described previously)®®, physical activity
(low, middle and high) and marital status (married/cohab-
iting and widowed/single/divorced/separated).

Height and weight were obtained by physical examina-
tion. Weight and height measurements were converted to
BMlI-for-age Z-scores for individual aged 18 or 19 years old
using the WHO growth reference in 20073, BMI was cal-
culated as weight (kg) divided height (m) squared for par-
ticipants over 19 years. Combining the WHO reference
standards and criteria recommended by Working Group
on Obesity in China®>3® BMI was divided into four
groups: underweight, normal, overweight and obese.

Statistical analysis

The basic characteristics of the study participants were
described by the spicy flavour (no, mild, middle, heavy)
and the frequency of spicy food intake (never, 1-2/week,
3-5 d/week, 6 or 7 d/week), respectively. Continuous var-
iables are presented as means (sp), and categorical varia-
bles are expressed as numbers (percentages). The y? test
was used to compare basic characteristics across the cat-
egorical variables and ANOVA for continuous variables.
Tests for linear trend were conducted in all consumers
by entering the different categories of spicy food intake
(four spicy flavour levels or four spicy food intake fre-
quency levels) as ordinal categorical variables in regression
models. Spicy food flavour or intake frequency as an expo-
sure variable was regressed on lipid parameters and cova-
riates in the linear regression models; results are presented
as regression coefficients () and 95 % CI. Furthermore,
multivariable-adjusted logistic regression models were
used to investigate associations of spicy food intake with
risk of abnormal serum lipid levels, including abnormal
TC, TAG, HDL-cholesterol, LDLC and non-HDL-cholesterol
levels (borderline high or low); results are presented as OR
and corresponding 95 % CI. Same three regression models
were selected: model 1 was crude model without any
adjustments; model 2 adjusted for age, gender, education
level, marital status, smoking status, alcohol drinking,
physical activity, BMI and model 3 additionally adjusted
for total energy intake. Restricted cubic spline was per-
formed to assess the dose-response relationship between
spicy flavour level (no, mild, middle, heavy as first, second,
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third, fourth level) or intake frequency (0-7d/week) and
risk for abnormal, using the first level and 0 d/week as
the reference group, respectively.

To examine the robustness of our findings, sensitivity
analyses were also conducted by excluding participants
with self-reported CHD and stroke (72 3915) and addition-
ally adjusting for dietary pattern and family history of
hyperlipidaemia, CHD and stroke.

All statistical analyses were performed using SPSS
version 21.0 and STATA version 13.1. All tests were two
sided and P values < 0-05 indicated statistical significance.

Results

According to the spicy flavour and the spicy food intake fre-
quency, the general characteristics of the 38 238 partici-
pants, aged 18-79 years, are listed in Table 1. Compared
with participants who ate no spicy food, those who had
preference for heavier spicy flavour were more likely to
be younger, male, married/cohabiting, current smoker
and consume alcohol, and more likely have higher levels
of physical activities and higher BMI (Pyeng < 0:05).
Analogous associations were observed in age, sex, marital
status, tobacco use, alcohol use, total energy intake and
BMI, with increased frequency of spicy food intake
(Pyena < 0-05).

Multiple linear regression models showed that the
heavier flavour of spicy food was positively associated with
TAG levels in three models (Pyeng < 0-001). After adjusting
for all covariates, compared with participants who ate no
spicy food, the # of mild, middle and heavy spicy flavours
was 0-02 (95 % CI —0-01, 0-04), 0-06 (95 % CI 0-02, 0-09) and
0-15 (95 % CI0-10, 0-21), respectively. However, significant
inverse associations were found between spicy food fla-
vour and TC or non-HDL-cholesterol in unadjusted and
adjusted models (all Pyeng < 0-001). Compared with partici-
pants who did not eat spicy food, significant lower TC lev-
els in those who ate mild spicy flavour (by 0-07 mmol/l,
95% CI —0-09, —0-05), middle spicy flavour (by 0-10
mmol/l, 95 % CI —0-13, —0-07) or heavy spicy flavour (by
0-12 mmol/l; 95% CI —0-17, —0-07) were observed; simi-
larly, those who had mild, middle or heavy spicy flavour
also showed a lower non-HDL-cholesterol by 0-07 (95 %
CI —0-09, —0:05), 0-10 (95% CI —0-13, —0-07) or 0-10
(95% CI —0-15, —0-05), respectively, after adjusting for
potential cofounders (Table 2). Further multiple linear
analyses according to frequency of spicy food intake were
presented in Table 3. Similar to the findings of spicy food
flavour, the frequency of spicy food intake was also posi-
tively associated with TAG level (Pyenq<0-001) and
inversely progressively associated with TAG and non-
HDL-cholesterol levels in model 3 (Pyeng <0-001),
although the associations were only found in who con-
sumed spicy food 3-5 d/week or more. In contrast with
the flavour of spicy food, compared with participant who
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never eat spicy food, those who consumed spicy food
6-7 d/week had higher HDL-cholesterol by 0-01 mmol/I
(95% CI 0-01, 0-02) and lower LDL-cholesterol/HDL-
cholesterol ratio by 0-02 (95 % CI —0-04, —0-01) after adjust-
ing for confounding factors. Furthermore, there were no
significant associations between spicy flavour and LDL-
cholesterol level in the fully adjusted model.

The risk of abnormal serum lipid parameters according
to the categories of spicy food flavour and intake frequency
was further examined in Table 4. After adjusting for poten-
tial confounders, multivariate logistic regression analyses
showed a significant inverse association between spicy
food intake and high TC or non-HDL-cholesterol with
elevated level of spicy flavour and frequency of spicy food
intake (all Pyepq < 0-001); the adjusted OR were 0-91 (95 %
CI 0-88, 0-93) and 0-88 (95 % CI 0-85, 0-91) for high TC and
non-HDL-cholesterol as each level exposure increased in
spicy flavour, and 092 (95% CI 0-91, 0-94) and 091
(95 % CI 0-89, 0-93) for high TC and non-HDL-cholesterol
as 1-d increment in spicy food intake frequency. On the
contrary, compared with the reference, there were rela-
tively increasing trends in the prevalence of abnormal
TAG level with the elevated spicy flavour or intake fre-
quency (both Pyeng < 0-001), but significant OR were only
observed in middle flavour (by 1-10 (95 % CI 1-02, 1-17)),
heavy flavour (by 1-21 (95 % CI 1-08, 1-35)) and who ate
6-7 d/week (by 1:16 (95 % CI 1-09,1-23)). Compared with
those who did never eat spicy food, participants who ate
spicy food 1-2 d/week significantly associated with
increased risk of high LDL-cholesterol level (OR 1-10;
95 % CI 1-01, 1-21). In addition, the restricted cubic splines
demonstrated that the risk of high TAG level increased
smoothly with continuous spicy flavour level or intake
frequency, whereas the risks of high TC and non-HDL-
cholesterol decreased gradually with increasing spicy
flavour level or intake frequency (Fig. 1) (all P for non-
linear trend > 0-05).

The sensitivity analyses showed that associations of
spicy food intake with serum lipid levels or abnormal lipid
levels did not change appreciably after excluding partici-
pants with self-reported CHD and stroke, and additionally
adjusting for dietary pattern and family history of hyperli-
pidaemia, CHD and stroke (online supplementary material,
Supplemental Tables 1-4).

Discussion

To our knowledge, this is the first study by far based on
large participant population to examine the associations
between spicy flavoured food intake and serum lipid levels
as well as risk of abnormal lipid levels. Most of the associ-
ations suggested beneficial effects of spicy food intake on
blood lipid levels (i.e., associated with lower levels of TC,
LDL-cholesterol, LDL-cholesterol/HDL-cholesterol, non-
HDL-cholesterol and higher HDL-cholesterol levels),
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Table 1 Demographic characteristics of study participants according to spicy food flavour and intake frequency

Spicy food flavour (n 38 238)

Spicy food intake frequency (n 29 034)

Never 1-2 d/week 3-5 d/week 6-7 d/week
No (n 16 378) Mild (n 14 973) Middle (n 5357) Heavy (n 1530) (n12 427) (n 3285) (n 3257) (n 10 085)

Variable Mean sD Mean SD Mean sb Mean SD P Mean sb Mean sD Mean sb Mean SD P
Age (years) 58-37 11-40 54.05 12.40 52-38 12.42 52:16 11.56 <0-001*** 58-26 1.7 51.63 13.2 51-53 135 54.49 11.68 <0-001***
Male (%) 37-87 38-49 4418 46-46 <0-001*** 39-11 38.04 44.55 42.21 <0-001***
Educational level (%) <0-001*** <0-001***

llliterate and elementary 49-10 41-66 4113 42-86 48-50 33-66 34.-81 45.73

Middle school 37-03 41.74 41.76 43.51 36-04 41.55 41.29 40-65

High school and above 13.87 16-61 17-11 13-63 15.46 24.79 23-90 13.62
Marital status (%) <0-001*** <0-001***

Married/cohabiting 87-88 90-69 91-89 92.07 88-21 91.38 90-75 91.73

Widowed/single/divorced/sepa- 1212 9-31 8-11 7-93 11.79 8-62 925 8-27

rated

Current smoker (%) 14.81 19.86 26-47 31.98 <0-001*** 15.90 18.61 25.22 24.23 <0-001***
Alcohol drinking (%) 12.06 20-32 27-54 26-87 <0-001*** 11.43 18.92 23-32 22.47 <0-001***
Physical activity (%) <0-001*** <0-001***

Low 34-84 30-83 28-81 31.06 3577 34.24 3171 26-09

Middle 37-16 38.87 37-18 36-11 3548 32:41 3745 3968

High 2801 30-30 34-01 32-83 2875 3335 30-84 34.23
BMI (kg/m?) (%) <0-001*** <0-001***

Underweight 2.73 211 2.30 1.84 2.79 211 2.49 244

Normal 4248 39:19 3748 38.74 43-15 3866 40-77 40-70

Overweight 38-65 40-67 39-39 39-00 38-41 40-86 38-35 39.27

Obese 16-14 18-02 20-83 20-42 15.65 18.37 18-39 17.59

Total energy intake (kJ/d)

9984-26 2761-81

10325-10 2776-32 10590-43 2889-84 11308-66 2921-98 <0-001***

9909-15 2769-27 9912.48 2745.69 10223-52 2767-03 10892-45 2897-12 <0.001***

***P <0-001.
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Table 2 Associations between spicy food flavour and blood lipid levels

X Dong et al.

Flavour of spicy food (n 38 238)

n Mild Middle Heavy P for linear trend
No. participants 16 378 14 973 5357 1530
TC (mmol/l) 4.83 1.00 4.72 1-00 4.66 1-00 4.61 0-93 <0-001
B (95 % CI)* Ref. -011 -0-18,-0-09 -017 0-13,-0.09 -0-22 -0-27,-0-16 <0-001
Adjusted g (95 % CI)t Ref. -0-07 -0-10,-0-05 -0-11 -0-14,-0-08 -0-15 -0-20,—0-10 <0-001
Adjusted g (95 % Cht Ref. -0-07 -0-09, -0-05 -0-10 -0-13,-0-07 -0-12 -0-17,-0-07 <0-001
TAG (mmol/l) 1.64 1.05 1.68 114 1.73 1.24 1.85 1-30 <0-001
B (95 % CI)* Ref. 0-04 0.02, 0-07 0-10 0.07,0-14 0-21 0-15, 0-27 <0-001
Adjusted g (95 % CI)t Ref. 0-02 -0.01, 0-05 0-06  0:-03,0-10 017  0-11,0-23 <0-001
Adjusted g (95 % Cht Ref. 0-02 -0-01,0-04 0-06  0-02, 0-09 0-15 010, 0-21 <0-001
LDL-cholesterol (mmol/l) 290 083 286 0-81 2.85 0-81 2.80 079 <0-001
B (95 % CI)* Ref. -0-05 -0-07,-0-04 -0-06 -0-09,-0-04 -0-11 -0-15,-0-06 <0-001
Adjusted g (95 % CI)t Ref. -0-02 -0-04,-0-01 -0-01 -0-04,0-01 -0-05 -0-10, —0-01 0-015
Adjusted g (95 % Ch)t Ref. -0-02 -0-04, 0-01 -0-02 -0-04, 0-01 -0-04 -0-10, —0-01 0.046
HDL-cholesterol (mmol/l) 1.33 0-33 1.32 033 1.32 0-33 129 0-33 <0-001
B (95 % CI)* Ref. -0-02 -0-02,-0-01 -0-02 -0-03,-0-01 -0-05 -0-07,-0-03 <0-001
Adjusted g (95 % CI)t Ref. -0-01 -0-01, 0-01 0-01 -0-01, 0-01 -0-02 -0-04, —0-01 0-40
Adjusted g (95 % Cht Ref. -0-01 -0-01, 0-01 0-01 -0-01, 0-01 -0-02 -0-04, —0-01 0-38
LDL-cholesterol/HDL-cholesterol 229 0-80 2.27 080 2.28 0-82 2.29 0-81 0-51
(mmol/l)
B (95 % Cl)* Ref. -0-02 -0-03, 0-01 -0-01 -0-03, 0-02 0-01 -0.04, 0-04 0-51
Adjusted g (95 % CI)t Ref. -0-01 -0-03, 0-01 -0-02 -0-04,-0-01 -0-01 -0-05,0-03 0-14
Adjusted g (95 % CI)t Ref. -0-01 -0-08, 0-01 -0-01 -0-04, 0-01 -0-01 -0-04, 0-04 0-34
Non-HDL-cholesterol (mmol/l) 349 099 340 095 334 093 332 093 <0-001
(95 % Cl)* Ref. -0-10 -0-12,-0-07 -0-14 -0-17,-0-11 -0-17 -0-22, -0-12 <0-001
Adjusted g (95 % CI)t Ref. -0-08 -0-10,-0-05 -0-12 -0-15,-0-09 -0-13 -0-18,-0-08 <0-001
Adjusted g (95 % CI)t Ref. -0-07 -0-09,-0-05 -0-10 -0-13,-0-07 -0-10 -0-15,-0-05 <0-001

TC, total cholesterol; Ref, reference.
*Model 1: original model without any adjustments.

1tModel 2: adjusted for age, gender, education level, marital status, smoking status, alcohol drinking, physical activity and BMI.

IModel 3: additionally adjusted for total energy intake based on model 2.

though mildly positive associations were detected for TAG
levels in participants who had heavy flavours. However,
consistent inverse associations were observed between
lower risks of abnormal TC, non-HDL-cholesterol levels
with elevated level of spicy flavour or frequency of spicy
food intake in a dose-response manner.

Our findings on the beneficial association between
spicy food intake and the risk of abnormal serum lipid
are supported by many population studies as growing evi-
dence indicates that spicy food intake frequency has been
associated with obesity®”, hypertension®®, total and cer-
tain cause-specific mortality in Chinese population™ or in
American®, all of which have showed health effects of
spicy food consumption on reducing the risk of these
chronic diseases. However, few previous studies have
investigated the relation between spicy food intake and
lipid levels in large population. Recently, two cross-
sectional studies have investigated the association between
spicy food consumption and lipid profiles in Chinese adults
and older people. Xue et al.*? have found that the fre-
quency of spicy food consumption and the average amount
of spicy food intake were inversely associated with
LDL-cholesterol, LDL-cholesterol: HDL-cholesterol ratio
and positively associated with serum TAG in adults. Yu
et al.*> have also demonstrated that the frequency of spicy
food consumption exhibited significant inverse association
with lipid parameters including serum LDL-cholesterol,
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LDL-cholesterol/HDL-cholesterol, LDL-cholesterol/apoB
and apoB/apoAl and was positively associated with
apoAl in older people in China. These findings are some-
what consistent with our results. Compared with these two
studies, we have additionally found the inverse association
between spicy food intake and non-HDL-cholesterol,
which is considered as a more superior predictor than
LDL-cholesterol in predicting the severity of coronary ath-
erosclerosis and CVD risk estimation®.

Although the mechanism between spicy food consump-
tion and serum lipid levels is yet to be fully explored, many
animal studies focused on Chili pepper and capsaicinoids,
the major pungent ingredient in spicy food, have been
found potential function on preventing and treating hyper-
cholesterolaemia in cell cultures and animal models“*—=%.
Liang et al*? reported that capsaicinoids can reduce
plasma TC and non-HDL-cholesterol, which is consistent
with our study. Capsaicinoids reduced the ratio of plasma
campesterol/cholesterol, suggesting that they decreased
cholesterol absorption. Zhang et al.“? study also found
capsaicinoids significantly decreased the plasma TC,
LDL-cholesterol and TAG without affecting the HDL-
cholesterol in ovariectomised rats. One mechanism under-
lying the cholesterol-lowering activity of capsaicinoids is
that they can stimulate faecal excretion of bile acids.
When capsaicinoids were supplemented at a dosage mim-
icking its regular intake in humans, they significantly
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Table 3 Associations between spicy food intake frequency and blood lipid levels
Frequency of spicy food intake (n 29 034)
P for linear
Never 1-2 d/week 3-5 d/week 6-7 d/week trend
No. participants 12 427 3285 3257 10 085
TC (mmol/l) 4.95 1.02 490 1-00 4.81 098 4.76 0-94 <0-001
(95 % Cl)* Ref. -0-05 -0-09, -0-01 -0-13 -0-17,-0-10 -0-19 -0-21, -0-16 <0-001
Adjusted g (95 % CI)t Ref. 0-01 -0.03,0.04 -0-06 -0-10,-0-02 -0-15 -0-18, -0-12 <0-001
Adjusted g (95 % CI)% Ref. 0-01 -0.03,0.04 -0-05 -0-10,-0-02 -0-12 —0-15,-0-10 <0-001
TAG (mmol/l) 165 1.03 1.66 1.05 171 1.23 1.77 1.21 <0-001
(95 % Cl)* Ref. 0-02 -0-03, 0-06 0-07 0-02, 0-11 0-13 0-10, 0-16 <0-001
Adjusted g (95 % CI)t Ref. —-0-01 —0-04, 0-04 0-06 0-01,0-10 0-11 0.08, 0-14 <0-001
Adjusted g (95 % CI)t Ref. -0-01 —0.05, 0-04 0.05 0-01,0-10 0-10 0-07, 0-13 <0-001
LDL-cholesterol (mmol/l) 2.93 085 289 085 2.84 0-83 2.88 0-82 <0-001
(95 % Cl)* Ref. -0-04 -0.07, -0-01 -0-10 -0-13,-0-06 -0-05 -0-08, —0-03 <0-001
Adjusted g (95 % CI)t Ref. 0-02 -0.02,0.05 -0-03 -0-06,0-01 —-0-03 —0-05,-0-01 0-009
Adjusted g (95 % CI)% Ref. 0-01 -0-02,0.05 -0-08 —0-06,-0-01 —-0-01 —0-04, 0-01 0-14
HDL-cholesterol (mmol/l) 1.34 0-33 1.31 0-33 1.32 034 1.34 0-34 0-70
(95 % Cl)* Ref. -0-08 -0-04, -0-01 -0-02 -0-03, —0-01 -0-001 -0-01, 0-01 0-70
Adjusted g (95 % CI)t Ref. -0-01 —0-02, 0-01 0-01 -0-01, 0-02 0-01 0.01, 0-02 0-043
Adjusted g (95 % CI)% Ref. —-0-01 —0-02, 0-01 0-01 -0-01, 0-02 0-01 —0-01, 0-02 0-057
LDL-cholesterol/HDL-cholesterol 2.30 0-80 231 083 2:27 0-83 2:26 0-78 <0-001
(mmol/l)
(95 % Cl)* Ref. 0-02 -0.01,0.05 -0-03 -0-06,0-01 —-0.-04 —0-06, -0-02 <0-001
Adjusted g (95 % CI)t Ref. 0-02 -0.01,0-05 -0.03 -0-06,0-01 —-0-04 -—0.06, -0-02 <0-001
Adjusted $ (95 % CI)t Ref. 0-02 -0.01,0.05 -0-02 -0-05,0-01 -0-02 —0-04,-0-01 0-011
Non-HDL-cholesterol (mmol/l) 361 1.00 3.58 0-98 349 099 3-41 0-94 <0-001
(95 % Cl)* Ref. -0-03 -0-06, 0-01 -0-11 -0-15,-0.08 -0-19 -0-21, -0-16 <0-001
Adjusted g (95 % CI)t Ref. 0-01 -0.08,0-05 -0.06 -0-10,-0-02 -0-16 —0-18, -0-13 <0-001
Adjusted g (95 % CI)t Ref. 0-01 -0.03,0.05 -0-06 -0-10,-0-02 —-0-13 -0-16, —0-11 <0-001
TC, total cholesterol; Ref, reference.
*Model 1: original model without any adjustments
1tModel 2: adjusted for age, gender, education level, marital status, smoking status, alcohol drinking, physical activity and BMI.
tModel 3: additionally adjusted for total energy intake based on model 2.
Table 4 Multivariate adjusted OR (95 % CI) for abnormal lipid levels according to spicy food flavour and intake frequency*
High LDL-choles- Low HDL-choles- High non-HDL-
High TC High TAG terol terol cholesterol
OR 95% ClI OR 95 % Cl OR 95% Cl OR 95% Cl OR 95% Cl
Flavour of spicy food intake (n 38 238)
No 1-00 Ref. 1-00 Ref. 1-00 Ref. 1-00 Ref. 1-00 Ref.
Mild 0-87  0-83, 091 1.05 1.00,1.09 099 094,1.04 099 093,1.05 087 082 092
Middle 0-81 0.76, 0-87 1-10 1.02,1-17 098 092,107 099 092,1.08 078 0-72,0-84
Heavy 0-84  0-74,0.95 1.21 1.08,1.35 099 0.87,1.12 1.09 095,124 073 063,084
Each level incrementt  0-91 0-88, 0-93 1-04 1.01,1.07 099  0.96, 1-02 1.00 097,104 088 0-85,0:91
P for linear trend <0-001 <0-001 0-68 0.57 <0-001
Frequency of spicy food intake (n 29 034)
Never 1-00 Ref. 1-00 Ref. 1.00 Ref. 1.00 Ref. 1.00 Ref.
1-2 d/week 0-98  0-90, 1-06 1-09 1.00, 1-19 1-10 1.01,1-21 1.00 0-90, 1-11 099  0-91,1.09
3-5 d/week 090 0-83, 0-98 1.08 099,118 099 0-90, 1-08 1.04 094,116 090 0-82,0-99
6-7 d/week 078 0-73,0-82 116 1.09, 1-23 1.02 096,109 099 092,1.07 074 0-70,0-80
One day increment} 092  0.91, 0-.94 1.04 1.02, 1.06 1.01 0-99,1.03 099 0.97,1-02 0-91 0-89, 0-93
P for linear trend <0-001 <0-001 0-77 0-96 <0-001

TC, total cholesterol; Ref, reference.

*Adjusted for age, gender, education level, marital status, smoking status, alcohol drinking, physical activity, BMI and total energy intake.

tEffect estimates of per level increment in spicy flavour levels on abnormal lipid levels.

1Effect estimates of per day increment in spicy food intake frequency on abnormal lipid levels.

reduced blood TC and LDL-cholesterol in hamsters and
ovariectomised female rats via upregulating hepatic
CYP7A1 gene expression(“).

In many animal studies, spicy food and its main bioac-
tive ingredients, capsaicinoids, showed TAG-lowering
properties““>4V_ But in this large human study, spicy food

0.1017/51368980021001853 Published online by Cambridge University Press

intake was mildly associated with elevated TAG level.
Interestingly, this result was consistent with China Health
and Nutrition Survey study®®, which also found the fre-
quency of spicy food consumption and the average amount
of spicy food intake were positively associated with serum
TAG concentration. There are some potential explanations
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Fig. 1 (colour online) Dose—response relationships between continuous spicy flavour level or intake frequency and risk for high TC,
TAG and non-HDL-cholesterol were estimated by restricted cubic splines. Adjusted for age, gender, education level, marital status,
smoking status, alcohol drinking, physical activity, BMI, total energy intake. TC, total cholesterol

for the findings different from animal studies. A traditional
Asian diet is characterised by higher carbohydrate intake, in
contrast with meat-based Western diet. High carbohydrate
intake from starchy foods was positively linked with the
risk of dyslipidaemia along with increased TAG and
reduced HDL-cholesterol levels in the Asian popula-
tion'%%% so different from those in the USA and Europe,
the main types of dyslipidaemias in Asian countries includ-
ing China manifest as hypertriglyceridaemia and low HDL-
cholesterol“”. Moreover, the flavour and properties of
spices make them important for culinary uses, namely as
flavouring agents, colouring agents and preservatives in
processed meat in Chinese culinary culture; some evidence
indicated that spicy food may increase intakes of carbohy-
drates, meat with heavy salt or oil, sweet food and bever-
ages to relieve the hot stimulation’®??. As we previously
reported, spicy flavour and spicy food frequency were pos-
itively associated with general obesity®, which is consis-
tent with the findings in the CKB study. In this regard,
excessive carbohydrates, fat and oil intake with spicy food
may also increase the risk of abnormal TAG levels.
Although the total energy intake (carbohydrate, fat and
protein) and dietary pattern have been adjusted in the cur-
rent study, these mild significant associations still were
observed. Because some unmeasured factors such as sweet
food intake and beverages cannot be exactly controlled,
further study is needed to explore the potential association
between spicy food intake and TAG levels.
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To the best of our knowledge, this is by far the largest
human study to investigate the association between spicy
food intake and serum lipid levels in Chinese rural popula-
tion. The strengths of the current study included a large
sample size and available information on a broad range
of covariates. Furthermore, the large-scale study popula-
tion is unique, in resource-limited setting that dyslipidae-
mia was common with low awareness, treatment and
control rates“”, which help provide some new evidence
in the identification risk factors of the dyslipidaemia and
prevention of CVD, especially in low- and middle-income
countries like China. Inevitably, there are some limitations
in our study. First, the current study was a cross-sectional
design, which was unable to reveal a causal association.
Second, the information on demographic data, lifestyles
and dietary habits was collected by a questionnaire; thus,
there may exist recall bias. Third, we did not consider par-
ticipants who took lipid-lowering drug in the definition of
lipid abnormality, which might partially bias our estimates.
Fourth, the Henan Rural Cohort Study is not a nutritional
survey, although we have collected for many potential con-
founders, some other unmeasured dietary factors such as
chilli and sweet food intake, which were difficult to be
accurately assessed by individual dietary recall, because
those left in the residue of food was uncertain. In addition,
we could not distinguish various food spices such as red
chilli, black pepper and garlic, which might limit our study
to some extent. Fifth, we did not take into account the
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survey complex sampling structure with stratification, clus-
ter and sampling weights in our analysis, which may lead to
a certain degree of bias. However, given the large sample
size and enough number of primary units, there may be a
quite limited effect of the sampling plan on variances of
estimates (and the P-values). Therefore, the results based
on this relatively large rural cross-sectional study, to some
extent, could reflect the association of spicy food intake
with blood lipid levels in Chinese rural areas. Finally,
although the assessment of dietary intake according to
the FFQ in current study may be inferior to three consecu-
tive 24-h diaries in some nutrition surveys, which is a
common problem with large epidemiological studies, the
standardised FFQ has been validated using three consecu-
tive 24-h dietary recalls. It could be used as a representative
tool to conduct a dietary evaluation of a rural population
and ensure the relatively reliable results?®.

Conclusion

Our findings firstly found that spicy flavoured food intake is
associated with altered lipid levels and the risk of abnormal
lipid levels in Chinese rural population. Although spicy
food was mildly associated with increased TAG level, most
of the associations showed favourable effects on blood
lipid markers. This suggests that spicy food intake may
be contributed to the management of lipid levels and CVD.
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