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Abstract

Background: Spicy food consumption has been reported to be inversely associated with mortality from multiple dis@
However, the effect of spicy food intake on the incidence of vascular diseases in the Chinese population remains unclear. This
study was conducted to explore this association.

Methods: This study was performed using the large-scale China Kadoorie Biobank (CKB) prospective cohort of 486,335 partici-
pants. The primary outcomes were vascular disease, ischemic heart disease (IHD), major coronary events (MCEs), cerebrovascular
disease, stroke, and non-stroke cerebrovascular disease. A Cox proportional hazards regression model was used to assess the
association between spicy food consumption and incident vascular diseases. Subgroup analysis was also performed to evaluate
the heterogeneity of the association between spicy food consumption and the risk of vascular disease stratified by several basic
characteristics. In addition, the joint effects of spicy food consumption and the healthy lifestyle score on the risk of vascular
disease were also evaluated, and sensitivity analyses were performed to assess the reliability of the association results.

Results: During a median follow-up time of 12.1 years, a total of 136,125 patients with vascular disease, 46,689 patients with
IHD, 10,097 patients with MCEs, 80,114 patients with cerebrovascular disease, 56,726 patients with stroke, and 40,098 patients
with non-stroke cerebrovascular disease were identified. Participants who consumed spicy food 1-2 days/week (hazard ratio
[HR] = 0.95, 95% confidence interval [95% CI] = [0.93, 0.97], P <0.001), 3-5 days/week (HR = 0.96, 95% CI = [0.94, 0.99],
P =0.003), and 6-7 days/week (HR = 0.97, 95% CI = [0.95, 0.99], P = 0.002) had a significantly lower risk of vascular disease
than those who consumed spicy food less than once a week (P eng <0.001), especially in those who were younger and living in
rural areas. Notably, the disease-based subgroup analysis indicated that the inverse associations remained in IHD (Pyenqg = 0.011)
and MCEs (Pgenq = 0.002) risk. Intriguingly, there was an interaction effect between spicy food consumption and the healthy
lifestyle score on the risk of ITHD (Piyeraciion = 0.037).
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Conclusions: Our findings support an inverse association between spicy food consumption and vascular disease in the Chinese
population, which may provide additional dietary guidance for the prevention of vascular diseases.
Keywords: Prospective cohort studies; Spicy food consumption; Vascular disease; Healthy lifestyle; China Kadoorie Biobank;

Introduction

Vascular diseases, including cardiovascular and cerebrovas-
cular diseases, are becoming increasingly prevalent and
have become the main cause of morbidity and mortality
worldwide."3! Especially in China, vascular disease-spe-
cific deaths account for more than 40% of the total deaths
each year.[*8 Therefore, exploring the risk factors related
to vascular diseases is needed for early prevention.

As an important part of the human diet worldwide, spicy
food has a long history of use.”"'! Interestingly, camula-
tive evidence has demonstrated that capsaicin, the main
nutrient component of spicy food, is helpful in improv-
ing vascular function,'>'# as well as vascular disease
prognosis, which was found in a previous study.!'*! Most
studies of European populations have reported that spicy
food consumption is associated with a decreased risk of
multiple diseases, such as hypertension, diabetes, vascular
diseases, and obesity.!'1*18] However, due to ethnic dif-
ferences in diet and lifestyle, it may be inappropriate to
extrapolate the findings in European populations to Chi-
nese population. Hence, the relationship between spicy
food consumption and vascular diseases in the Chinese
population remains unclear.

Therefore, we aimed to investigate the association between
spicy food consumption and the incidence of vascular
disease, ischemic heart disease (IHD), major coronary
events (MCEs), cerebrovascular disease, stroke, and non-
stroke cerebrovascular disease in the prospective China
Kadoorie Biobank (CKB) cohort of 486,335 participants,
which may provide additional dietary guidance for the
prevention of vascular diseases.

Methods

Ethical approval

This research was conducted using CKB Resource
(application ID: DAR-2020-00120). The use of the CKB
cohort was approved by the Ethical Review Committee
of the Chinese Center for Disease Control and Prevention
(Beijing, China) and the Oxford Tropical Research Ethics
Committee, University of Oxford (Oxford, UK), and all
participants provided written informed consent before
taking part in the study. Access to CKB data was granted
under Project Number DAR-2020-00120.

Study design and participants

This study was performed using the large-scale CKB
prospective cohort of 512,723 participants from 10
different geographical regions in China who were aged
30-79 years at enrollment. Participants have been fol-
lowed up until December 31, 2018. Further details of the
CKB study design have been described elsewhere.['"-2!]

Additional information on the subjects is presented in the
Supplementary Material, http://links.lww.com/CM9/C41.

Participants with a self-reported history of cancer or
vascular disease (7 = 26,344), those with negative values
for the duration of spicy food consumption (7 = 42), and
those with missing body mass index (BMI) data (n = 2)
were excluded from the study, and 486,335 participants
were ultimately included in the study [Supplementary
Figure 1, http://links.lww.com/CM9/C41].

Assessment of spicy food consumption

The variables regarding spicy food consumption were
derived from the following: (1) consumption frequency:
never/almost never and only occasionally (i.e., <1 day/
week), 1-2 days/week, 3—-5 days/week, and 6-7 days/week;
(2) strength of spice: weak, moderate, and strong; and
(3) the main sources of spice usually used: chili sauce, chili
oil, dried chili pepper, fresh chili pepper, and others or
unknown. Participants who ate spicy food more than once
a week were defined as regular consumers. Additionally,
we included 1603 participants who completed the same
questionnaire twice within 1.5 years from baseline to the
first resurvey. The Spearman’s coefficient of the frequency of
spicy food consumption in the two questionnaires completed
within 1.5 years was 0.73, indicating good reproducibility
of spicy food consumption [Supplementary Table 1, http://
links.lww.com/CM9/C41]. Detailed information on the
assessment of spicy food consumption is provided in the
Supplementary Material, http:/links.lww.com/CM9/C41.

Follow-up and outcome measures

Participants were followed up periodically to minimize
loss to follow-up. All fatal and non-fatal disease outcomes
were obtained by linkage, using the unique national
identification number of each participant, with disease
registries and national health insurance claim databases.
The national health insurance claim databases, which
cover 96% of CKB participants, helped to improve the
accuracy of diagnosis and further data collection.

The primary outcomes of this study were vascular dis-
ease (I00-199), IHD (120-125), MCEs (I20-125 [fatal],
121-123), cerebrovascular disease (160-169), stroke (suba-
rachnoid stroke [160], hemorrhagic stroke [161], ischemic
stroke [I63], other or unspecified stroke [164]), and non-
stroke cerebrovascular disease (162, 165-169), as defined
by the International Classification of Disease, 10th Edi-
tion (ICD-10). Additional information is presented in the
Supplementary Material, http:/links.lww.com/CM9/C41.

Statistical analysis

Consumption frequency was the main exposure variable.
A Cox proportional hazards regression model was used
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to estimate the hazard ratios (HRs) and 95% confidence
intervals (Cls) for the association between spicy food con-
sumption and the risk of vascular disease. After adjusting
for potential risk factors, the following multivariable models
were established: (1) model 1: unadjusted; (2) model 2:
adjusted for sex, age, and study site; (3) model 3: addition-
ally adjusted for educational level, marital status, alcohol
consumption, smoking status, physical activity, household
income, BMI, intake frequencies of red meat, fruits, and
vegetables, and diagnosis of hypertension at baseline.

Subgroup analysis was also performed to evaluate the
heterogeneity of the association between spicy food
consumption and the risk of vascular disease stratified by
several basic characteristics, including sex, age, physical
activity in metabolic equivalent of task (MET), BMI,
urban and rural area, smoking status, and drinking status.

In addition, we calculated healthy lifestyle scores by
aggregating eight dietary and lifestyle factors, including
smoking status (health level: no current smoking or hav-
ing stopped smoking >15 years), alcohol consumption
(health level: <25 g/day and <15 g/day for men and
women, respectively), physical activity (health level: >20
MET h/day), BMI (health level: 18.5-23.9 kg/m?), waist-
to-hip ratio (WHR) (health level: <0.90 and 0.85 for men
and women, respectively), red meat consumption (health
level: <5 days/week), preserved vegetable consumption
(health level: <3 days/week), and fresh fruit/vegetable
consumption (health level: >5 days/week). Participants
were classified into three groups: a favorable lifestyle
(including 6-8 healthy factors), an intermediate lifestyle
(including 4-5 healthy factors), and an unfavorable
lifestyle (including 0-3 healthy factors) group. We then
evaluated the joint effects of spicy food consumption and
the healthy lifestyle score on the risk of vascular disease.

In addition, several sensitivity analyses were performed
to assess the reliability of the association results: (1) an
analysis in which participants who developed an event
of interest during the first two years of follow-up were
excluded; (2) an analysis in which additional seasonal
adjustments were made; (3) an analysis in which addi-
tional adjustments were made for women’s menarche
age, number of pregnancies, and menopause status; and
(4) an analysis in which additional adjustment was made
for diabetes. Moreover, we also explored the associations
of the age at which spicy food began to be eaten regularly,
the strength of spicy food eating, and the main sources of
spice with vascular diseases risk, respectively.

All statistical analyses were performed using R Statistical
Software (v4.2.2, R Foundation, Vienna, Austria). P values
(two-sided) <0.05 were considered significant.

Results

Baseline characteristics of participants

A total of 486,335 participants were included in the
current analysis, 59.07% of whom were women and
43.13% of whom were from urban areas, with a mean
age of 51.53 years at baseline [Table 1]. Overall, 42.84%
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(208,331/486,335) of the participants were regular spicy
food consumers; among these participants, 15.20%
(31,657/208,331), 13.66%  (28,459/208,331), and
71.14% (148,215/208,331) reported consuming spicy
food 1-2 days/week, 3-5 days/week, and 6-7 days/week,
respectively. The frequency of spicy food consumption
varied greatly across the 10 study areas [Figure 1]. For
example, in Hunan and Sichuan, 99.7% (56,738/56,912)
and 77.9% (42,716/54,859) of participants consumed
spicy food more than one day per week. Compared with
participants consuming spicy foods less than once a week,
those regular consumers were more likely to be current
smokers and alcohol drinkers, to consume red meat and
preserved vegetables more frequently, and to have lower
levels of systolic blood pressure (SBP). Among regular
consumers, those who consumed spicy foods almost every
day (6-7 days/week) preferred a stronger spice intensity,
consumed spice starting at an early age, and had a high pro-
portion intake of fresh chili pepper and dried chili pepper.

Association between spicy food consumption and vascular
diseases

During a median follow-up time of 12.1 years, 136,125
patients with vascular disease, 46,689 patients with IHD,
10,097 patients with MCEs, 80,114 patients with cerebrovas-
cular disease, 56,726 patients with stroke, and 40,098
patients with non-stroke cerebrovascular disease were iden-
tified. Compared with participants who consumed spicy
food less than once a week, for those who consumed spicy
food 1-2 days/week, 3-5 days/week, and 6-7 days/week,
the adjusted HRs for vascular disease were 0.95 (0.93,
0.97; P <0.001), 0.96 (0.94, 0.99; P = 0.003), and 0.97
(0.95, 0.99; P = 0.002), respectively (Pyenq <0.001;
Table 2, Supplementary Figure 2, http:/links.lww.com/
CM9/C41). Interestingly, a negative association was also
observed in the risk of IHD, with corresponding HRs of
0.95(0.91,0.99),0.98 (0.94,1.03), and 0.96 (0.93,0.99),
respectively (Pyend = 0.011) and in the risk of MCEs,
with corresponding HRs of 0.96 (0.87, 1.06), 0.87 (0.78,
0.96), and 0.91 (0.84, 0.98), respectively (Pyeng = 0.002;
Table 2, Supplementary Figure 2, http:/links.lww.com/
CMY9/C41).However, no significant association was found
between cerebrovascular disease, stroke, and non-stroke
cerebrovascular disease risk and spicy food consumption
(Ptrend >005)

Subgroup and sensitivity analyses

Furthermore, in the stratification analysis, we evaluated
the heterogeneity of associations based on different
demographic characteristics. As shown in Figure 2, when
stratified by BMI, smoking, and drinking status, there
was no significant heterogeneity in the association
between spicy food consumption and vascular disease
risk (Phererogeneiry >0.05). However, compared with partici-
pants who consumed spicy food less than once a week,
a stronger association with vascular disease risk was
observed in individuals who were female (HR = 0.94,
0.92-0.96, Ppererogenciy = 0.038), younger (<65 years,
HR = 0.87, 0.85-0.88, Ppecerogencity <0.001), had less physi-
cal activity (<10.76 MET h/day, HR = 0.92, 0.90-0.95,
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Table 1: Baseline characteristics of the participants according to weekly spicy food consumption.

Frequency of spicy food consumption per week

<1 day 1-2 days 3-5 days 6-7 days All participants
Characteristics (n = 278,004) (n = 31,657) (n = 28,459) (n=148,215) (n = 486,335)
Age (years) 52.75 +10.67 49.14 +10.01 49.08 +9.81 50.24 +10.22 51.53 +10.55
Female 167,118 (60.11) 17,458 (55.15) 15,749 (55.34) 86,969 (58.68) 287,294 (59.07)
Urban 148,771 (53.51) 18,268 (57.71) 16,537 (58.11) 26,197 (17.67) 209,773 (43.13)

Education level
Primary school or lower
Middle school
High school or higher
Household income (CNY/year)
<20,000
20,000-34,999
>35,000
Smoking status
Non-current
Current
Drinking status
Non-current
Current
SBP (mmHg)
<120
120-139
>140
BMI (kg/m?)
<18.5
18.5-23.9
24.0-27.9
>28.0
Physical activity (MET h/day)
Weekly consumption® (days)
Red meat
Fresh vegetables
Fresh fruits
Preserved vegetables
Strength of spicy food eating
Weak
Moderate
Strong

Age started to eat spicy food regularly (years)
Types of spicy food eating commonly®

Fresh chili pepper

Dried chili pepper

Chili sauce

Chili oil

Others or don’t know
Diseases

Vascular disease

IHD

MCEs

Cerebrovascular disease

Stroke

Non-stroke cerebrovascular disease

140,524 (50.55)
77,014 (27.70)
60,466 (21.75)

147,011 (52.88)
74,233 (26.70)
56,760 (20.42)

204,401 (73.52)
73,603 (26.48)

131,481 (47.29)
146,523 (52.71)

86,654 (31.17)
109,744 (39.48)
81,606 (29.35)

11,430 (4.11)
140,267 (50.46)
95,325 (34.29)
30,982 (11.14)
21.13 + 14.47

3.60 + 2.64
6.86 + 0.70
2.44 +2.69
1.88 +2.60

80,172 (28.84)
28,369 (10.20)
6060 (2.18)
46,855 (16.85)
35,607 (12.81)
21,564 (7.76)

12,973 (40.98)
9422 (29.76)
9262 (29.26)

16,254 (51.34)
8410 (26.57)
6993 (22.09)

20,816 (65.75)
10,841 (34.25)

12,003 (37.92)
19,654 (62.08)

11,318 (35.75)
12,626 (39.88)
7713 (24.36)

1022 (3.23)
16,156 (51.03)
10,891 (34.40)

3588 (11.33)
23.70 + 13.36

3.86 +2.74
6.46 + 1.52
2.91+2.80
2.62 +2.68

21,660 (68.42)

9043 (28.57)
954 (3.01)

25.39 + 13.42

19,596 (61.90)
11,894 (37.57)
13,678 (43.21)
15,467 (48.86)

7894 (24.94)

7615 (24.05)
2747 (8.68)
535 (1.69)
4328 (13.67)
3172 (10.02)
2026 (6.40)

11,297 (39.70)
8691 (30.54)
8471 (29.77)

15,131 (53.17)
6892 (24.22)
6436 (22.61)

18,448 (64.82)
10,011 (35.18)

10,355 (36.39)
18,104 (63.61)

10,332 (36.30)
11,378 (39.98)
6749 (23.71)

935 (3.29)
14,217 (49.96)
9892 (34.76)
3415 (12.00)
23.75 + 13.48

3.94 +£2.70
6.64 + 1.09
2.79 £ 2.78
2.68 +2.67

15,370 (54.01)
10,263 (36.06)
2826 (9.93)
23.81 + 13.40

19,441 (68.31)
13,265 (46.61)
13,165 (46.26)
15,383 (54.05)

( )

7106 (24.97

7166 (25.18)
2617 (9.20)
452 (1.59)
4167 (14.64)
3098 (10.89)
1880 (6.61)

82,355 (55.56) 247,149 (50.82)
43,184 (29.14) 138,311 (28.44)
22,676 (15.30) 100,875 (20.74)

99,753 (67.30) 278,149 (57.19)
30,639 (20.67) 120,174 (24.71)
17,823 (12.03) 88,012 (18.10)

97,274 (65.63) 340,939 (70.10)
50,941 (34.37) 145,396 (29.90)

68,224 (46.03) 222,063 (45.66)
79,991 (53.97) 264,272 (54.34)

49,780 (33.59) 158,084 (32.51)
62,371 (42.08) 196,119 (40.33)
36,064 (24.33) 132,132 (27.17)

8027
84,987

5.42) 21,414 (4.40)
57.34) 255,627 (52.56)
43,527 (29.37) 159,635 (32.82)
11,674 (7.88) 49,659 (10.21)
21.50 + 12.89  21.56 + 13.90

o~ — —

3.66 +2.52 3.66 +2.62
6.90 + 0.60 6.84 + 0.79
2.08 +2.39 2.38 +£2.62
1.98 +2.35 2.01 +£2.55

23,413 (15.80)
53,356 (36.00)
71,446 (48.20)
11.63 +9.38

131,031 (88.41)
115,591 (77.99)
62,876 (42.42)
63,201 (42.64)
33,890 (22.87)

41,172 (27.78)
12,956 (8.74)

3050 (2.06)
24,764 (16.71)
14,849 (10.02)
14,628 (9.87)

60,443 (12.43)
72,662 (14.94)
75,226 (15.47)
15.39 + 12.22

170,068 (34.97)
140,750 (28.94)
89,719 (18.45)
94,051 (19.34)

( )

48,890 (10.05

136,125 (27.99)
46,689 (9.60)
10,097 (2.08)
80,114 (16.47)
56,726 (11.66)
40,098 (8.24)

Data are presented as mean + standard deviation or 7 (%). "Average weekly consumptions of red meal, fresh fruit, fresh vegetables, and preserved
vegetables were calculated by assigning participants to the midpoint of their consumption category. ‘Each individual may choose multiple types. BMI:
Body mass index; IHD: Ischemic heart disease; MCEs: Major coronary events; MET: Metabolic equivalent of task; SBP: Systolic blood pressure. —

Not application.
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Pheterogencity <0.001), and lived in rural areas (HR = 0.94,
0.92-0.96, Pjererogeneiry <0.001).

Hunan (rural) | 0.3% 99.7%

Sichuan (rural) | 22.1%

o Interestingly, the heterogeneity among different age groups
sorw was also observed in individuals with IHD (Pheterogenciry =
0.006; Supplementary Figure 3, http://links.lww.com/
CM9/CA41), cerebrovascular disease (Ppecerogencity <0.001;
Supplementary Figure 4, http:/links.lww.com/CM9/C41),
stroke (Ppererogeneiry <0.001; Supplementary Figure S, http://
o9 links.lww.com/CM9/C41), and non-stroke cerebrovascu-
o lar disease (Pheerogenciry <0.001; Supplementary Figure 6,
http://links.lww.com/CM9/C41), but not in those with
MCES (Pheterogeneity = 0.100; Supplementary Figure 7, http://

links.lww.com/CM9/C41). People living in rural areas also
" ” Percontage ” ” had a lower risk of IHD (Phecerogenciry = 0.002; Supplementary
Figure 3, http:/links.lww.com/CM9/C41), MCEs (Pheerogencicy =
0.001; Supplementary Figure 7, http://links.lww.com/CM9/
C41), and non-stroke cerebrovascular disease (Phererogencity =

Gansu (rural) | 30.3%
Guangxi (urban) | 49.9% 50.1%
Heilongjiang (urban) . 67.2% 32.8%
Jiangsu (urban) | 75.8% 24.2%
Shandong (urban) | 80.1%

Henan (rural) | 87.8%

Zhejiang (rural) | 87.8% 12.2%

Hainan (urban) | 91.7%

Frequence of spicy food <tdayweck [ 1-20aysiweck [l 3-5 caysmweek [l 67 caysiweok

Figure 1: Frequency of spicy food consumption.

Table 2: The association between spicy food consumption and the risk of vascular disease.

Frequency of spicy food consumption per week

Items No. of participants <1 day 1-2 days 3-5 days 6-7 days Pyena
No. of participants 486,335
Vascular disease
No. of events” 136,125 80,172 7615 7166 41,172
Model 17 1.00 0.80 (0.78, 0.81) 0.84 (0.82, 0.86) 0.93 (0.92, 0.94) <0.001
Model 2# 1.00 0.97 (0.94, 0.99) 0.98 (0.96, 1.01) 0.98 (0.96, 1.00) 0.035
Model 3% 1.00 0.95 (0.93,0.97) 0.96 (0.94, 0.99) 0.97 (0.95, 0.99) <0.001
IHD
No. of events” 46,689 28,369 2747 2617 12,956
Model 17 1.00 0.83 (0.80, 0.86) 0.88 (0.85,0.92) 0.84 (0.82, 0.85) <0.001
Model 2# 1.00 0.97 (0.93, 1.01) 1.01 (0.96, 1.05) 0.97 (0.94,1.01) 0.152
Model 3% 1.00 0.95 (0.91, 0.99) 0.98 (0.94,1.03) 0.96 (0.93, 0.99) 0.011
MCEs
No. of events” 10,097 6060 535 452 3050
Model 11 1.00 0.76 (0.70, 0.83) 0.72 (0.65, 0.79) 0.93 (0.89,0.97) <0.001
Model 2¢ 1.00 0.98 (0.89, 1.08) 0.87 (0.78, 0.96) 0.88 (0.82,0.95) <0.001
Model 3¢ 1.00 0.96 (0.87, 1.06) 0.87 (0.78, 0.96) 0.91 (0.84, 0.98) 0.002
Cerebrovascular disease
No. of events” 80,114 46,855 4328 4167 24,764
Model 1* 1.00 0.78 (0.76, 0.81) 0.84 (0.82, 0.87) 0.97 (0.95, 0.98) <0.001
Model 2¢ 1.00 0.96 (0.93, 0.99) 0.99 (0.95, 1.02) 1.00 (0.98, 1.03) 0.873
Model 3¢ 1.00 0.94 (0.91, 0.97) 0.96 (0.93, 0.99) 0.99 (0.96, 1.01) 0.079
Stroke
No. of events’ 56,726 35,607 3172 3098 14,849
Model 17 1.00 0.76 (0.73, 0.79) 0.83 (0.80, 0.86) 0.76 (0.74,0.77) <0.001
Model 2¢ 1.00 0.96 (0.92, 0.99) 0.99 (0.95, 1.03) 1.01 (0.98, 1.04) 0.599
Model 3¢ 1.00 0.94 (0.90, 0.98) 0.96 (0.92, 1.00) 1.00 (0.97, 1.03) 0.444
Non-stroke cerebrovascular disease
No. of events” 40,098 21,564 2026 1880 14,628
Model 17 1.00 0.80 (0.77, 0.84) 0.83 (0.80, 0.87) 1.27 (1.24,1.29) <0.001
Model 2¢ 1.00 0.96 (0.92, 1.01) 0.98 (0.93, 1.03) 1.00 (0.96, 1.04) 0.679
Model 3¢ 1.00 0.94 (0.90, 0.99) 0.95 (0.91, 1.00) 0.97 (0.94, 1.01) 0.064

“During a median follow-up time of 12.1 years. "Model 1: The HRs (95% ClIs) were estimated using Cox proportional hazard model without
adjustment for any covariate. *Model 2: The HRs (95% ClIs) were estimated using Cox proportional hazard model adjusted for sex, study site, and
age. "Model 3: The HRs (95% Cls) were estimated using Cox proportional hazard modelpadditionally adjusted for educational level (no formal
school, primary school, middle school, high school, college, or university or higher); marital status (married, widowed, divorced or separated, or
never married); alcohol consumption (never, formerly regular, occasional, or currently regular); smoking status (non-current smoker, occasional,
most days, or daily); physical activity (MET, h/day); household income (<20,000 CNY/year, 20,000-34,999 CNY/year, >35,000 CNY/year); BMI;
intake frequencies of red meat, fruits, and vegetables (rarely/never or monthly, 1-3 days/week, 4—6 days/week, daily); diagnosis of hypertension in
the baseline (no or yes). BMI: Body mass index; Cls: Confidence intervals; HRs: Hazard ratios; IHD: Ischemic heart disease; MCEs: Major coronary
events; MET: Metabolic equivalent of task.
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Subgroup N"('N‘::_ ':’;f;ﬁ:‘;s Hazard ratio (95%CI) He:rogene:-yv:ls](es

Sex 0.77 0.038
Male 199,041 (57,068) HIlH 0.97 (0.95-0.99)
Female 287,294 (79,057) HlH 0.94 (0.92-0.96)

Age (years) 0.92 <0.001
<65 421,703 (100,012) 5 | 0.87 (0.85-0.88)
265 64,632 (36,113) — 0.93 (0.90-0.96)

Physical activity(MET h/day) 0.83 <0.001
<10.76 121,221 (49,264) Hil— 0.92 (0.90-0.95)
10.76 to 18.09 121,819 (38,106) HilH 0.95 (0.93-0.98)
18.10 to 30.58 121,689 (27,377) —— 1.00 (0.97-1.03)
230.59 121,606 (21,378) i 0.97 (0.94-1.00)

Body mass index (kg/m?) 0.00 0.548
<185 21,414 (6471) —— 0.92 (0.85-0.99)
18.51023.9 255,627 (62,758) HilH 0.96 (0.94-0.98)
24.0t027.9 159,635 (48,367) —H 0.97 (0.94-0.99)
228.0 49,659 (18,529) —— 0.95 (0.91-0.98)

Urban and rural 0.92 <0.001
Rural 276,562 (75,773) HilH 0.94 (0.92-0.96)
Urban 209,773 (60,352) HlH 0.99 (0.97-1.01)

Smoking status 0.00 0.541
Non-current 340,939 (96,295) HIlH 0.95 (0.93-0.97)
Current 145,396 (39,830) — - 0.96 (0.93-0.98)

Drinking status 0.59 0.117
Non-current 222,063 (61,883) i 0.94 (0.92-0.96)
Current 264,272 (74,242) [ 3 0.96 (0.95-0.98)

™

085

090925 09751 1.025

Figure 2: Subgroup analysis of the associations between regular consumption of spicy food and vascular disease risk. The HRs (95% Cls) for the risk of vascular disease were used
to compare participants who ate spicy foods >1 day a week with those who ate spicy foods less than once a week. Estimates were made using Cox proportional hazard models with
stratification for age, sex, region, and adjustment for educational level, marital status, alcohol consumption, smoking status, physical activity, household income, BMI, intake frequencies
of red meat, fruits, and vegetables, diagnosis of hypertension in the baseline. BMI: Body mass index; Cls: Confidence intervals; HRs: Hazard ratios; MET: Metabolic equivalent of task.

0.017; Supplementary Figure 6, http:/links.lww.com/
CMY/C41).

In the sensitivity analysis, the associations of spicy food
consumption with the risk of each event did not materially
change after further adjusting for diabetes [Supplementary
Table 2, http:/links.lww.com/CM9/C41]. However, when
participants who developed an event of interest during
the first two years of follow-up were excluded, spicy food
consumption was no longer associated with IHD risk
(Pyend = 0.100), but was significantly associated with a
decreased risk of cerebrovascular disease (Pyeng = 0.013)
and non-stroke cerebrovascular disease (Pyeng = 0.008).
After additional adjustment for season, spicy food con-
sumption was significantly negatively associated with
cerebrovascular disease risk (HR = 0.95 [0.92-0.98],
0.95[0.92-0.99], and 0.96 [0.93-0.98] among individuals
who consumed spicy food 1-2 days/week, 3-5 days/week,
and 6-7 days/week, respectively; Pyeng <0.001), which may
imply that season is one of the factors of cerebrovascular
disease. In addition to the frequency of spicy food con-
sumption, the age when one started to eat spicy food, the
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strength of spicy food eating, and the main source of spice
also had a significant inverse association with the risk of
vascular disease [Supplementary Table 3, http://links.lww.
com/CM9/C41].

Joint effects of spicy food consumption and the healthy
lifestyle score

Subsequently, eight lifestyle factors were used to construct
a healthy lifestyle score, which was significantly associated
with a lower risk of vascular disease (Puenq <0.001,
Supplementary Table 4, http:/links.lww.com/CM9/C41).
By integrating spicy food consumption and the healthy
lifestyle score, we found that among participants eating
spicy food 3-5 days/week, those who lived in a favorable
lifestyle had stronger inverse associations with the risk of
cerebrovascular disease (Ppecerogencity = 0-039) and stroke
(Pheterogencity = 0.045, Figure 3). In addition, there was an
interaction effect between spicy food consumption and
the healthy lifestyle score on the risk of IHD (Piyeraction =
0.037, Supplementary Table 5, http:/links.lww.com/
CM9I/C41).
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Favorable lifestyle Intermediate lifestyle Unfavorable lifestyle Heterogeneity test
Hazard ratio (95%Cl) P-value Hazard ratio (95%CI) P-value Hazard ratio (95%Cl) P-value r P-value

Vascular disease

<1day 1 1 1

1-2 days 0.94 (0.87-1.02) [ 0.120 0.96 (0.93-1.00) - 0.037 0.94 (0.90-0.99) HlH 0014 0.00 0752

3-5 days 094 (0.87-1.02) - 0115 095 (0.91-0.99) HH 0009 097 (0.93-1.02) ] 0273 000 0727

6-7 days 0.95 (0.90-1.01) | ] 0.104 0.94 (0.92-0.97) » <0.001 0.97 (0.93-1.00) I 1 0.048 0.00 0391
Ischemic heart disease

<1day 1 1 1

1-2 days 098 (0.87-1.12) » 0797 0.99(0.93-1.05) HIH 0694 0.90 (0.83-0.97) = 0,005 046 0156

3-5 days 0.86 (0.75-0.98) L 0026 0.98 (0.92-1.05) HiH 0547 1.00 (0.93-1.08) L 0996 048 0147

6-7 days 101 (091-1.12) Hi 0863 093 (0.89-0.98) L 3 0005 0.95 (0.89-1.00) il 0060 001 0363
Major coronary events

<1day 1 1 1

1-2 days 1.02 (0.70-1.50) ; : 3 i 0916 1.03 (0.89-1.20) —l— 0659 0.89 (0.75-1.05) = 0.163 0.00 0429

3-5 days 076 (0.47-121) —— 0248 0.81(0.69-0.95) —— 0011 089(0.75-1.06)  + - 0.181 000 0670

6-7 days 0.94 (0.70-1.27) ., 0.686 0.84(0.75-0.93) i 0.001 0.88 (0.77-1.00) L { 0.044 0.00 0725
Cerebrovascular disease

<1 day 1 1 1

1-2 days 088 (0.79-097) L 0011 096 (0.91-1.01) HIlH 0117 0.95 (0.90-1.01) il 0125 010 0327

3-5 days 0.86 (0.78-0.96) i 0.006 0.94 (0.90-1.00) - 0032 1.00 (0.94-1.06) — 0954 069 0039

6-7 days 0.96 (0.88-1.03) H 0265 0.96 (0.93-1.00) - 0035 0.99 (0.95-1.04) - 0774 000 0560
Stroke

<1 day 1 1 1

1-2 days 0.86 (0.76-0.98) Hil 0027 0.96 (0.90-1.01) HilH 0123 097 (0.91-1.04) i 0371 030 0242

3-5 days 087 (0.76-0.99) HElH 0.040 093 (0.88-0.99) HIH 0028 1.02 (0.95-1.09) ol 0654 068 0045

6-7 days 0.96 (0.88-1.06) [} 0.459 0.96 (0.92-1.00) . 0.064 1.01(0.96-1.06) = =l 0.760 021 0281
Non-stroke cerebrovascular disease

<1 day 1 1 1

1-2 days 085 (0.74-097) HEH 0018 097 (0.90-1.04) HlH 0347 0.98 (0.90-1.07) = 0707 041 0.186

3-5 days 083 (0.72-0.96) Hilt 0012 0.96 (0.89-1.03) HilH 0245 1.00 (0.92-1.09) —— 0956 058 0091

6-7 days 0.94 (0.84-1.05) HEH 0263 0.99 (0.94-1.05) HIH 0787 0.96 (0.89-1.03) —H 0212 000 0646

AT
0.6750.750.8750 9751.0751.175

[anaazasazsssssl
0750808509095 1 1.051.1

Figure 3: The association between spicy food consumption and vascular disease risk stratified by healthy lifestyle categories. The HRs (95% Cls) were estimated using Cox proportional
hazard models with stratification for age, sex, region, and adjustment for household income, marital status, and education level. Cls: Confidence intervals; HRs: Hazard ratios.

Discussion

In this large prospective study of the Chinese population,
a significant inverse association between spicy food
consumption and the risk of vascular disease was found,
especially in young people and individuals living in rural
areas. The inverse association remained in the risk of IHD
and MCEs. Intriguingly, there was an interaction effect
between spicy food consumption and the healthy lifestyle
score on the risk of THD.

Previous studies showed the evidence that spicy food
intake had beneficial effects on cardiovascular and cere-
brovascular diseases.['?*"2] However, the association
between eating spicy food and the risk of vascular diseases
has not been well studied in large population-based
observational studies. Population studies in other coun-
tries have focused on the mortality of diseases.[!"?’! In
the Chinese population, most researches were limited in
specific regions, diseases, or age groups.?’?*l Using a
larger sample size with more factors and vascular diseases
considered, we obtained favorable evidence of the inverse
association between spicy food consumption and the risk
of vascular diseases.

The protective effect of spicy food consumption against
vascular diseases is attributed to capsaicin, the major
pungent bioactive component of chili pepper.!'3?¢! Previous
studies have shown that capsaicin affects vascular func-
tion through several pathways.!?”~2°! First, capsaicin can
upregulate the messenger RNA (mRNA) and protein levels
of cytochrome P450 family 7 subfamily A member 1
(CYP7A1), which mediates the regulatory mechanism of
cholesterol and bile acid homeostasis, and leads to the cho-
lesterol-lowering effects.!*”! Second, capsaicin can regulate
the vascular tone by activating transient receptor potential

vanilloid 1 (TRPV1), and thus increasing endothelial
nitric oxide synthase (eNOS) phosphorylation and nitric
oxide (NO) production.?®! Third, capsaicin can increase
the antioxidant capacity of blood vessels by reducing the
level of malondialdehyde (MDA, a marker of oxidative
stress) and increasing the activity of superoxide dismu-
tase (SOD, an enzyme that mitigates oxidative stress).!?’!
Consistent with previous evidence, we found a significant
inverse association between spicy food consumption and
the risk of vascular disease. Similar trends were observed
in the risk of IHD (HR ranged from 0.95 to 0.98) and
MCEs (HR ranged from 0.87 to 0.96).

The protective effect of spicy food against vascular
disease may be affected by several factors, especially
lifestyle factors and dietary habits. Previous randomized
controlled studies indicated that capsaicin showed effects
including anti-atherosclerotic, anti-obesogenic,3%3! and
appetite-reducing effects.3>331 However, these studies did
not account for the differences in lifestyles and changes in
eating habits. For these participants, pepper, as an essen-
tial seasoning, can improve dietary flavor and increase
appetite. Due to the special Chinese food culture, most
consumers who eat spicy food daily are smokers and/or
drinkers, and their diet mostly includes foods that are high
in salt, oil, and high energy.**! Therefore, we constructed
a healthy lifestyle score!®! and classified the study popu-
lation into three groups (the favorable, intermediate, and
unfavorable lifestyle groups). The inverse associations
of spicy food with the risk of vascular disease, IHD, and
MCEs were almost observed among participants with
different healthier lifestyle scores.

In addition, the bioavailability and bioaccessibility of cap-
saicin may also be involved. The pharmacological effects
of capsaicin depend on several factors, the most important
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being its concentration in the target tissues. Low doses of
capsaicin displayed various preventive effects, which were
not observed in participants with long-term high-dose
capsaicin exposure.*®! This may also partly explain why
the apparent protective association between spicy food
consumption and vascular disease risk was restricted to
participants consuming spice with weak or moderate
intensity in the present study.

This is a large-scale study to examine the association
between spicy food consumption and the risk of vascular
diseases in the Chinese population. It is important to note
that our prospective study was performed with a suffi-
cient sample size, with adjustment for several established
and potential confounders to obtain reliable estimation,
as well as with more analyses (e.g., joint analysis with the
healthy lifestyle score). However, several limitations need
to be noted. First, the impact of the level of spicy food
intake and different peppers (e.g., red pepper) should be
further refined. Second, more potential confounding fac-
tors (e.g., energy intake, oil and salt intake, triglycerides,
cholesterol, and socioeconomic status) need to be consid-
ered in the future. Third, several biases (e.g., population
selection, recall bias, self-reported dietary intake, and out-
come capture) limited the reliability of our study, which
needs to be considered in the further research.

In conclusion, this study found a significant inverse associa-
tion between spicy food consumption and the risk of vascular
disease, especially in those who were younger and living in
rural areas. The disease-based subgroup analysis indicated
that the inverse associations remained in IHD and MCEs
risk. Intriguingly, there was an interaction effect between
spicy food consumption and the healthy lifestyle score on
the risk of IHD. Overall, this large-scale study examined
the association between spicy food consumption and the
risk of vascular diseases in the Chinese population, which
may provide additional dietary guidance for the prevention
of vascular diseases. Nevertheless, further in-depth studies
are needed to elucidate the causal roles and mechanisms of
spicy food intake in reducing the risk of vascular disease.
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