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Abstract 

Background: Few animal experiments and volunteer-based intervention studies have showed a controversial effect 
of spicy foods on abdominal obesity. We aimed to examine the association between spicy food frequency, spicy 
flavor, and abdominal obesity among Chinese Han population in the Sichuan Basin which area eating spicy foods 
relatively often.

Methods: A cross-sectional analysis was conducted using the Sichuan Basin baseline data from the China Multi-
Ethnic Cohort (CMEC) study, including data from electronic questionnaires, anthropometric measurements and 
blood sample collection. A total of 40,877 adults (22,503 females) aged 30–79 years were included in the final analysis. 
Multivariable logistic regression yielded adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for abdominal 
obesity associated with the strength of spicy flavor and frequency of spicy food intake.

Results: The prevalence of daily spicy food eating was 47.3% in males and 52.7% in females, the percentages of 
abdominal obesity were 52.3%, 48.8%, 51.6% and 55.5% in the spicy food intake subgroups of never, 1–2 days/week, 
3–5 days/week and 6–7 days/week, respectively. Compared with males who never consumed spicy food, the adjusted 
ORs (95% CIs) in the 1–2 days/week, 3–5 days/week and 6–7 days/week subgroups were 1.21 (1.09, 1.34), 1.35 (1.21, 
1.51), and 1.35 (1.25, 1.47), respectively (Ptrend < 0.001). The corresponding odds ratios for females were 0.95 (0.87, 1.05), 
1.14 (1.03, 1.26), and 1.25 (1.16, 1.35), respectively (Ptrend < 0.001). Similarly, compared with no spicy flavor, the adjusted 
ORs (95% CIs) of mild, middle, and strong spicy strength for abdominal obesity in males were 1.27 (1.17, 1.38), 1.51 
(1.37, 1.67), and 1.36 (1.11, 1.67) respectively (Ptrend < 0.001). The corresponding odds ratios for females were 1.14 (1.06, 
1.23), 1.27 (1.15, 1.40), and 1.32 (1.06, 1.65), respectively (Ptrend < 0.001).

Conclusions: The data indicated that spicy food consumption was a risk factor for abdominal obesity among Chi-
nese adult population in the Sichuan Basin. The results need to be approved by large cohort studies.
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Background
Obesity is associated with the common chronic diseases, 
including hypertension, type 2 diabetes, coronary heart 
disease, and certain types of cancer, and is considered as 
the fifth leading risk factors for mortality globally [1–7]. 
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Obesity is classified as general obesity and abdominal 
obesity. Compared with Western societies, Asian popula-
tion have a relatively lower body mass index (BMI) but 
are predisposed to central or abdominal obesity [8–11]. 
In particular, abdominal obesity has a close relationship 
with central fat localization and cardiovascular disease, 
independently of general obesity [12, 13]. Studies have 
shown that abdominal adipose tissue is more meta-
bolically active and is the key determinant of metabolic 
abnormalities that contribute to obesity-related dis-
ease risk [12, 14, 15]. In recent years, the prevalence of 
abdominal obesity is increasing dramatically in China 
[16]. According to the data obtained in the China Health 
and Nutrition Survey (CHNS) in 2011, the age-adjusted 
prevalence of abdominal obesity in China was 35.3% in 
men and 51.7% in women, and from 1993 to 2011, mean 
waist circumference (WC) significantly increased among 
men and women [17].

Spices are recognized as an essential part of culinary 
cultures, with a long history of using for flavoring, color-
ing and preserving food, as well as for medicinal purposes 
in the world [18, 19]. Spicy intake is substantial higher 
in ancient Asian than European countries, especially in 
India and China [20, 21]. In certain regions of China such 
as Hunan and Sichuan, almost a third of adults consume 
spicy food daily, including chili [22]. In the past decades, 
although several previous studies have indicated that the 
consumption of spicy food affects obesity-related human 
health outcomes, such as hypertension [23], irritable 
bowel syndrome [24], lipid disorders [25], cancers [26] 
and even mortality [27]. As the most practical and sim-
plest index, WC can provide information on the distri-
bution of body fat and is strongly correlated with central 
fat localization [28, 29]. The association between spicy 
food consumption and obesity has received consider-
able attention in recent years [30–32]. Sun and colleagues 
[30] conducted in five urban and five rural areas of China 
provided evidence that the frequency of spicy food con-
sumption was positively associated with WC. However, 
half a million participants come from different regions 
in the study, and with the different education level, eco-
nomic development, behavior factors, food choices and 
dietary patterns.

Therefore, it has more practical guiding significance to 
explore the associations of spicy food and risk of obesity 
in different regions and people with different dietary hab-
its. Sichuan Basin is located in the southwest of China, 
due to the humid climate, residents have formed a spicy 
food habit for a long time. Hence the aim of this study 
was to examine the relationship between spicy food con-
sumption and abdominal obesity in the Sichuan Basin 
using baseline data from the CMEC study in a large-scale 
Han Chinese population in the southwest China.

Materials and methods
Study design and participants
This cross-sectional study based on the CMEC study. 
Detailed information about the CMEC study design, 
survey methods and population have been described 
elsewhere [33, 34]. The data utilized in the current study 
were obtained from Sichuan Basin region, two (Chong-
qing and Sichuan provinces) of the 5 regions included in 
the CMEC study. In brief, 44,900 Chinese Han partici-
pants aged 30–79 years were recruited and participated 
in the baseline survey during June 2018 to February 2019. 
This population-based survey was carried out in 18 dis-
tricts/counties by multistage, stratified cluster sampling 
from Chongqing (the district and county are of the same 
administrative level in Chongqing), and Sichuan prov-
inces, including Yuzhong District, Jiulongpo District, 
Nanan District, Banan District, Changshou District, 
Jiangjin District, Hechuan District, Qijiang District, Dazu 
District, Tongnan District, Rongchang District, Wulong 
District, Fengdu County, Chenghua Distric, Qingbaijiang 
Distric, Wuhou District, Pidu District and Jianyang city.

A total of 43,993 people aged between 30 and 79 years 
have completed the questionnaire and anthropometric 
measurements and with complete information for spicy 
food intake and WC measurements were recruited into 
the current study. To better evaluate the relationship 
between spicy food consumption and abdominal obe-
sity, 2803 participants with hepatitis, liver cirrhosis and 
tuberculosis or other infectious diseases, and malignant 
tumour, and 108 women who were pregnant or lactating, 
and 205 subjects missing covariates were excluded. After 
these exclusions, a total of 40,877 (18,374 male, 22,503 
female) participants were included in the current analy-
sis (Fig.  1). All participants provided written informed 
consent prior to the survey. The study was approved by 
the Sichuan University Medical Ethical Review Board 
(K2016038) and the Research Ethics Committee of 
Chongqing Center for Disease Control and Prevention 
(2017(001)).

Assessment of spicy food consumption
Frequency of spicy food consumption was assessed 
through the question “During the past month, how often 
did you have spicy food in one week?” Answer options 
included: “Never or almost never”, “only occasion-
ally” (i.e., less than once weekly), “1–2  days per week”, 
“3–5 days per week”, and “daily or almost every day”. In 
analyses, those who chose “Never or almost never” or 
“only occasionally” were combined into one group (i.e., 
Never and only occasionally). Among those who ate spicy 
food more than once a week, participants were asked at 
what age they started to eat spicy food, and the strength 
of spicy food eating they usually preferred. Participants 
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were also asked “How much do you like the spicy flavor 
in your food?” Answer options included: “Never”, “Mild”, 
“Moderate”, and “Strong”. So the strength of spicy food 
eating was categorized as never, mild, moderate and 
strong. Further, years of eating spicy food-to-current age 
ratio is used as a measure of a life-long burden of spicy 
food consumption.

Assessment of covariates
We used a tablet computer with a self-developed appli-
cation (CMEC App) to collect the questionnaire infor-
mation. The information was collected by a face-to-face 
interview implemented by well-trained interviewers who 
were typically local college students with medical back-
grounds. The electronic questionnaire included detailed 
questions on socio-demographic status (age, sex, study 
area, education level, marital status, and annual house-
hold income), lifestyle factors (tobacco use, alcohol use, 
physical activity, the total daily energy intake), medical 
history and health status, and, among women, meno-
pause status.

For the baseline survey, dietary information was 
assessed using a quantitative food frequency question-
naire (FFQ) based on the Chinese Dietary Guidelines and 
the eating habits of Southwestern Chinese, covering 13 
major food groups: rice, wheat products, coarse grain, 
tubers, red and processed meats, poultry and processed, 
fish/sea food, eggs, dairy products, fresh vegetables, 

fresh fruits, and soybean products. For each food group, 
participants were required to report the quantity (aver-
age grams per meal according to standard serving size 
mould) and frequency (four frequency categories ranged 
from how many times per day to year) that they con-
sumed during the past 12 months. We also asked infor-
mation about alcohol, tea, Sugar Sweetened Beverages 
(SSBs), cooking oil and salt in separate sections. In par-
ticular, daily alcohol consumption was calculated as 
grams of pure alcohol according to alcohol type, amount 
drunk and frequency [35]. From the above FFQ, we 
estimated the total daily energy intake according to the 
China food exchange lists [36] and the 2018 China food 
composition tables (standard edition) [37] for each indi-
vidual. In addition, we conducted the repeated FFQ and 
24-h dietary recall (24HDRs) to assess the reproducibil-
ity and validity of the baseline FFQ. Regarding reproduc-
ibility, intraclass correlation coefficients (ICC) for food 
groups ranged from 0.15 for fresh vegetables to 0.67 for 
alcohol. Regarding validity, de-attenuated Spearman rank 
correlation coefficients for food groups ranged from 0.10 
for soybean products to 0.66 for rice. More details are 
provided in our previous study [34].

For assessment of tobacco consumption, participants 
were asked how often they had smoked tobacco during 
the previous 12  months at the time of the survey, and 
those who had not smoked weekly were asked if there 
was a period of at least a year prior to that when they 

Fig. 1 Data cleaning flow chart
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had smoked some tobacco on most days or daily. Partici-
pants were classified into three main smoking categories: 
1) nonsmokers; 2) ex-smokers; 3) current smokers. Total 
physical activity was converted into metabolic equivalent 
of task hours per day (MET-hours/day) based on trans-
portation, occupation, housework, and leisure time activ-
ities as described in previous studies [34, 38].

Body weight with light clothing was measured to 
the nearest 0.1  kg using a weight measurement device. 
Height was measured to the nearest 0.1 cm without shoes 
using a standard right-angle device and a fixed measure-
ment tape. The body mass index (BMI) was calculated as 
weight divided by height squared (kg/m2). Participants 
were classified according to BMI following the recom-
mendation of the WHO.

Assessment of outcomes
WC was measured to the nearest 0.1 cm at a point mid-
way between the lowest rib and the iliac crest in a hori-
zontal plane using a non-elastic tape. All measurements 
were made by trained staff using a standard protocol 
and instruments. Abdominal obesity was defined as a 
WC ≥ 85.0 cm for men and ≥ 80.0 cm for women accord-
ing to the guideline for prevention and control of over-
weight and obesity in Chinese adults [39].

Statistical analyses
Statistical analyses were performed using the Statistical 
Program for Social Sciences (SPSS) version 25.0 (SPSS 
Inc., Chicago, IL, USA). All analyses were performed 
separately by gender groups. According to the frequency 
of spicy food intake, descriptive statistics were presented 
as number (percentage) or median (Q1, Q3 percentiles) 
for categorical or continuous variables, respectively. Chi 
square (χ2) test and Kruskal–Wallis H test were per-
formed to compare the differences in covariates among 
various intake frequency groups. Logistic regression 
analysis was used to estimate the association between the 
frequency and strength of spicy food intake and risk of 
abdominal obesity after adjusting for potential confound-
ing variables based on the odds ratios (OR) and 95% con-
fidence interval (CI). Participants who never consumed 
spicy food were considered as the reference group. Poten-
tial confounding factors, including sociodemographic 
status and lifestyle factors were adjusted for in different 
models. A set of models were used: model 1 adjusted for 
age, gender. Model 2: further adjusted for marriage sta-
tus, education, household income, study area. Model 3: 
further adjusted for tobacco use, alcohol use, total energy 
intake and physical activity. Model 4: adjusted as for 
model 1 minus gender. Model 5: adjusted as for model 
2 minus gender. Model 6: adjusted as for model 3 minus 
gender. Model 7: adjusted as for model 2 minus gender, 

plus menopause status. Model 8: adjusted as for model 
3 minus gender, plus menopause status. Stratified sub-
group analyses were conducted according to the demo-
graphic characteristics to detect the associations of spicy 
food consumption on the risk of abdominal obesity. All 
statistical tests were two sided and a P value < 0.05 was 
considered statistical significant.

Results
General characteristics
Table  1 summarizes the general characteristics of the 
participants according to the spicy food frequency and 
strength. The median age of 40,877 subjects (18,374 
males, 22,503 females) was 49.7 (42.8, 61.0) years old, and 
the median value of waist circumference was 86.0 (80.0, 
92.0) cm for males and 80.0 (73.0, 86.0) cm for females. 
The daily spicy food consumers accounted for 47.3% in 
males and 52.7% in females, and most of them were from 
urban areas for 58.8%. The prevalence of abdominal obe-
sity among participants who consumed spicy food never, 
1–2 days/week, 3–5 days/week, and 6–7 days/week, were 
52.3%, 48.8%, 51.6% and 55.5%, respectively. There were 
significant differences in the characteristics of age, gen-
der, marital status, education level, annual household 
income, study area, tobacco and pure alcohol use, red 
and processed meats, poultry and processed, fresh veg-
etables, fresh fruits, total energy intake, physical activ-
ity, BMI, WC, abdominal obesity and age started to eat 
spicy food between the spicy food intake frequency sub-
groups, strength of spicy food intake subgroups respec-
tively (p < 0.05). Moreover, the higher the frequency and 
strength of spicy food eating, the higher the physical 
activity level, as well as total energy intake and the preva-
lence of current smokers. Among those who ate spicy 
food regularly (participants who ate spicy food more than 
1–2 days/week), the more frequently who ate spicy food, 
and the stronger the intensity of spicy flavor who pre-
ferred, and the longer the duration of eating spicy food.

Association between spicy food consumption 
and abdominal obesity
Table  2 shows the ORs of spicy food intake frequency 
for abdominal obesity in males and females. Compared 
with never having spicy food, the adjustment for poten-
tial confounders (age, gender, marriage status, educa-
tion, household income, study area, tobacco use, alcohol 
use, red and processed meats, poultry and processed, 
fresh vegetables, fresh fruits, total energy intake and 
physical activity), the ORs (95% CIs) of 1–2  days/week, 
3–5 days/week and 6–7 days/week subgroups were 1.04 
(0.97, 1.11), 1.21 (1.13, 1.31), and 1.30 (1.24, 1.38) respec-
tively. The adjusted OR (95% CI) was 1.10 (1.08, 1.12) 
(Ptrend < 0.001) for each level increment in the frequency 
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of spicy food intake. When the association was explored 
separately among males, the corresponding ORs (95% CI) 
were 1.21 (1.09, 1.34), 1.35 (1.21, 1.51), and 1.35 (1.25, 
1.47), respectively. The adjusted OR (95% CI) was 1.10 
(1.07, 1.12) (Ptrend < 0.001) for each level increment in the 
frequency of spicy food intake. When the association was 
explored separately among females, the corresponding 
ORs (95% CI) were 0.95 (0.87, 1.05), 1.14 (1.03, 1.26), and 
1.25 (1.16, 1.35), respectively. The adjusted OR (95% CI) 
was 1.10 (1.07, 1.12) (Ptrend < 0.001) for each level incre-
ment in the frequency of spicy food intake.

After adjusting for potential confounders in model 
4, compared with never preference for spicy flavor, the 
adjusted ORs (95% CIs) of mild, middle, and strong for 
abdominal obesity were 1.19 (1.13, 1.26), 1.40 (1.31, 1.50), 
and 1.29 (1.11, 1.49), respectively. The adjusted OR (95% 
CI) was 1.16 (1.12, 1.19) (Ptrend < 0.001) for each level 
increment in the strength of spicy food intake. When 
the association was explored separately among males, 
the corresponding ORs (95% CI) were 1.27 (1.18, 1.37), 
1.51 (1.37, 1.67), and 1.36 (1.11, 1.67), respectively. The 
adjusted OR (95% CI) was 1.19 (1.14, 1.24) (Ptrend < 0.001) 

for each level increment in the strength of spicy food 
intake. When the association was explored separately 
among females, the corresponding ORs (95% CI) were 
1.14 (1.06, 1.23), 1.27 (1.15, 1.40), and 1.32 (1.06, 1.65), 
respectively. The adjusted OR (95% CI) was 1.12 (1.07, 
1.17) (Ptrend < 0.001) for each level increment in the 
strength of spicy food intake (Table 3).

Subgroup analyses between spicy food consumption 
and abdominal obesity
In subgroup analyses, the strength of the association 
between spicy food consumption and abdominal obe-
sity was largely consistent across subgroups defined 
by age, marriage status, education level, annual house-
hold income, study area, alcohol status, physical activ-
ity, poultry and processed, fresh vegetables, fresh fruits, 
total energy intake, and menopause status (Pheterogene-

ity > 0.05). However, there was a significantly stronger 
association among current smoker (OR = 1.30, 95% CI, 
1.15–1.48) than among nonsmokers (OR = 1.23, 95% CI, 
1.16–1.48) (Pheterogeneity < 0.05); red and processed meats 
intake ≥ 100 g/day group (OR = 1.24, 95% CI, 1.11–1.39) 

Table 2 ORs (95% CIs) of spicy food intake frequency for abdominal obesity

Model 1: adjusted for age (continuous), gender

Model 2: age (continuous), gender, marriage status (married/cohabitation, unmarried or separated or divorced or widowed), education level(primary school and 
below, middle school, high school, college or university and above), annual household income (< 12,000 CNY, 12,000–19,999 CNY, 20,000–59,999 CNY, 60,000–99,999 
CNY, ≥ 100,000 CNY), study area (rural, urban)

Model 3: adjusted as for model 2 plus tobacco use (no smokers, ex-smokers, current smokers), alcohol use (continuous), red and processed meats (continuous), 
poultry and processed (continuous), fresh vegetables (continuous), fresh fruits (continuous), total energy intake (continuous) and physical activity (continuous)

Model 4: adjusted as for model 1 minus gender

Model 5: adjusted as for model 2 minus gender

Model 6: adjusted as for model 3 minus gender

Model 7: adjusted as for model 2 minus gender, plus menopause

Model 8: adjusted as for model 3 minus gender, plus menopause

Variables Frequency of spicy food intake

Never 1–2 days /week 3–5 days/week 6–7 days/week Each level increment Ptrend

Total
  Abdominal obesity (cases/total, n) 4383/8372 3191/6538 2541/4924 11681/21043

  Model 1 1.00 1.03 (0.96, 1.10) 1.19 (1.11, 1.28) 1.31 (1.24, 1.38) 1.10 (1.08, 1.12)  < 0.001

  Model 2 1.00 1.04 (0.98, 1.12) 1.22 (1.13, 1.31) 1.31 (1.24, 1.38) 1.10 (1.08, 1.12)  < 0.001

  Model 3 1.00 1.04 (0.97, 1.11) 1.21 (1.13, 1.31) 1.30 (1.24, 1.38) 1.10 (1.08, 1.12)  < 0.001

Male
  Abdominal obesity ( cases/total, n) 1748/3481 1543/2738 1306/2203 5870/9952

  Model 4 1.00 1.29 (1.16, 1.42) 1.45 (1.30, 1.62) 1.43 (1.32, 1.55) 1.11 (1.08, 1.14)  < 0.001

  Model 5 1.00 1.29 (1.11, 1.36) 1.38 (1.23, 1.54) 1.39 (1.28, 1.50) 1.10 (1.08, 1.13)  < 0.001

  Model 6 1.00 1.21 (1.09, 1.34) 1.35 (1.21, 1.51) 1.35 (1.25, 1.47) 1.10 (1.07, 1.12)  < 0.001

Female
  Abdominal obesity ( cases/total, n) 2635/4891 1648/3800 1235/2721 5811/11091

  Model 4 1.00 0.89 (0.81, 0.97) 1.05 (0.95, 1.16) 1.23 (1.15, 1.33) 1.09 (1.07, 1.12)  < 0.001

  Model 7 1.00 0.96 (0.88, 1.05) 1.15 (1.04, 1.27) 1.27 (1.18, 1.36) 1.10 (1.07, 1.12)  < 0.001

  Model 8 1.00 0.95 (0.87, 1.05) 1.14 (1.03, 1.26) 1.25 (1.16, 1.35) 1.10 (1.07, 1.12)  < 0.001
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than red and processed meats intake < 100  g/day group 
(OR = 1.12, 95% CI, 1.06–1.18) (Pheterogeneity < 0.05) 
(Table 4).

Discussion
To our knowledge, this is the first large study to combine 
the intake frequency of spicy food and the level of spicy 
flavor in exploring the association between spicy food 
consumption and abdominal obesity. In this cross-sec-
tional study, the increase in spicy food intake frequency 
and strength were associated with the high ratio of 
abdominal obesity and high WC values. In other words, 
the consumption of spicy food has positive association 
with abdominal obesity. Compared with participants who 
never had spicy food, the participants in the spicy food 
intake frequency subgroups (1–2  days/week, 3–5  days/
week and 6–7 days/week) were positively associated with 
an increasing risk of abdominal obesity both in males 
and females. Moreover, compared with participants who 
never had spicy food, the participants in the spicy food 
intake strength subgroups (mild, moderate and strong) 

were positively associated with abdominal obesity in 
males and females.

Previous intervention studies [20, 31, 40–42] showed 
a beneficial effect of spicy food consumption on weight 
management in studies with a small sample size from 
Western countries. Additionally, a large prospective 
cohort study [43] of the CHNS data showed that high 
intake of chilli was inversely associated with the risk of 
overweight/obesity independent of overall dietary pat-
tern, energy intake and lifestyle factors. In contrast, in the 
China Kadoorie Biobank (CKB) study [30], the strength 
and frequency of spicy food consumption was positively 
associated with adiposity among half a million Chi-
nese adults. Yang et al. found that spicy food consump-
tion was positively associated with adiposity, including 
both general [44] and abdominal [29] obesity in rural 
Chinese population, similar to the current study. This 
positive association may reflect increased palatability of 
meals including spicy food consumption [20]. The poten-
tial reason was spicy food consumption might affect 
abdominal obesity by increasing energy intake. Because 
in Chinese cuisines, spicy food are more meat-based 

Table 3 ORs (95% CIs) of spicy food intake strength for abdominal obesity

Model 1: adjusted for age (continuous), gender

Model 2: age (continuous), gender, marriage status (married/cohabitation, unmarried or separated or divorced or widowed), education level (primary school and 
below, middle school, high school, college or university and above), annual household income(< 12,000 CNY, 12,000–19,999 CNY, 20,000–59,999 CNY, 60,000–99,999 
CNY, ≥ 100,000 CNY), study area (rural, urban)

Model 3: adjusted as for model 2 plus tobacco use (no smokers, ex-smokers, current smokers), alcohol use (continuous), red and processed meats (continuous), 
poultry and processed (continuous), fresh vegetables (continuous), fresh fruits (continuous), total energy intake (continuous) and physical activity (continuous)

Model 4: adjusted as for model 1 minus gender

Model 5: adjusted as for model 2 minus gender

Model 6: adjusted as for model 3 minus gender

Model 7: adjusted as for model 2 minus gender, plus menopause

Model 8: adjusted as for model 3 minus gender, plus menopause

Variables Strength of spicy food intake

Never Mild Moderate Strong Each level increment Ptrend

Total
  Abdominal obesity (cases/total, n) 4383/8372 13125/24814 3805/6848 483/843

  Model 1 1.00 1.19 (1.13, 1.25) 1.37 (1.29, 1.47) 1.30 (1.12, 1.50) 1.15 (1.12, 1.18)  < 0.001

  Model 2 1.00 1.20 (1.14, 1.26) 1.40 (1.31, 1.50) 1.28 (1.11, 1.48) 1.15 (1.12, 1.19)  < 0.001

  Model 3 1.00 1.19 (1.13, 1.26) 1.40 (1.31, 1.50) 1.29 (1.11, 1.49) 1.16 (1.12, 1.19)  < 0.001

Male
  Abdominal obesity (cases/total, n) 1748/3481 6105/10633 2348/3802 266/458

  Model 4 1.00 1.34 (1.24, 1.45) 1.61 (1.47, 1.77) 1.38 (1.13, 1.68) 1.22 (1.17, 1.27)  < 0.001

  Model 5 1.00 1.30 (1.20, 1.40) 1.55 (1.41, 1.70) 1.38 (1.13, 1.68) 1.20 (1.15, 1.25)  < 0.001

  Model 6 1.00 1.27 (1.17, 1.38) 1.51 (1.37, 1.67) 1.36 (1.11, 1.67) 1.19 (1.14, 1.24)  < 0.001

Female
  Abdominal obesity (cases/total, n) 2635/4891 7020/14181 1457/3046 217/385

  Model 4 1.00 1.11 (1.03, 1.19) 1.18 (1.07, 1.30) 1.36 (1.09, 1.69) 1.09 (1.05, 1.14)  < 0.001

  Model 7 1.00 1.15 (1.07, 1.24) 1.29 (1.17, 1.43) 1.37 (1.10, 1.71) 1.13 (1.08, 1.18)  < 0.001

  Model 8 1.00 1.14 (1.06, 1.23) 1.27 (1.15, 1.40) 1.32 (1.06, 1.65) 1.12 (1.07, 1.17)  < 0.001
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Table 4 ORs (95% CIs) for abdominal obesity associated with consuming spicy food according to participant characteristics

Odds ratios were adjusted for age (continuous), marriage status (married/cohabitation, unmarried or separated or divorced or widowed), education level (no formal 
education, primary and above), annual household income (< 6000 CNY, ≥ 6000 CNY), study area (rural, urban), tobacco use (no smokers, ex-smokers, current smokers), 
alcohol use (no drinker, occasionally drinker, regularly drinker), physical activity (< 28.14 MET hours/day, ≥ 28.14 MET hours/day), red and processed meats (< 100 g/
day, ≥ 100 g/day), poultry and processed (< 70 g/week, ≥ 70 g/week), fresh vegetables fruits (< 400 g/day, ≥ 400 g/day) and total energy intake (< 1644.83 kcal/
day, ≥ 1644.83 kcal/day)
a  Only in women

Variables Abdominal obesity 
(n, %)

Spicy food consumption P heterogeneity

Never Yes

Age group (years) 0.623

  30–39 3126 (38.7) 1.00 1.15 (1.00, 1.33)

  40–49 6472 (50.7) 1.00 1.18 (1.07, 1.30)

  50–59 5330 (59.5) 1.00 1.25 (1.12, 1.39)

  60–69 4758 (62.0) 1.00 1.30 (1.17, 1.44)

  70–79 2110 (62.4) 1.00 1.18 (1.02, 1.38)

Marriage status 0.406

  Married/cohabitation 19331 (53.2) 1.00 1.23 (1.16, 1.30)

  Unmarried/Separated/divorced/widowed 2465 (54.6) 1.00 1.23 (1.06, 1.42)

Education level 0.518

  No formal education 19331 (53.2) 1.00 1.19 (1.04, 1.37)

  Primary and above 2465 (54.6) 1.00 1.23 (1.17, 1.30)

Annual household income (CNY) 0.227

  < 60000 2750 (63.8) 1.00 1.18 (1.11, 1.26)

  ≥ 60000 19046 (52.1) 1.00 1.33 (1.21, 1.45)

Study area 0.276

  Rural 8726 (53.4) 1.00 1.14 (1.06, 1.23)

  Urban 13070 (53.3) 1.00 1.30 (1.21, 1.39)

Tobacco use  < 0.001

  Nonsmoker 15006 (51.7) 1.00 1.23 (1.16, 1.30)

  Ex-smoker 1634 (62.3) 1.00 1.25 (1.02, 1.54)

  Current smoker 5156 (55.9) 1.00 1.30 (1.15, 1.48)

Alcohol use 0.368

  No drinker 10110 (52.8) 1.00 1.24 (1.16, 1.33)

  Occasionally drinker 6486 (50.5) 1.00 1.21 (1.09, 1.33)

  Regularly drinker 5200 (58.6) 1.00 1.17 (1.03, 1.34)

Physical activity (MET hours/day) 0.36

  < 28.14 11521 (56.4) 1.00 1.25 (1.17, 1.34)

  ≥ 28.14 10275 (50.3) 1.00 1.22 (1.13, 1.31)

Red and processed meats (g/day) 0.018

  < 100 16768 (52.8) 1.00 1.12 (1.06, 1.18)

 ≥ 100 5028 (55.3) 1.00 1.24 (1.11,1.39)

Poultry and processed (g/week) 0.359

 < 70 10817 (53.5) 1.00 1.15 (1.07, 1.23)

 ≥ 70 10979 (53.2) 1.00 1.14 (1.06, 1.23)

Fresh vegetables and fruits (g/day) 0.914

  < 400 21597 (53.3) 1.00 1.14 (1.09, 1.20)

  ≥ 400 199 (55.3) 1.00 1.32 (0.79, 2.19)

Total energy intake (kcal/day) 0.184

  < 1644.83 10483 (51.3) 1.00 1.22 (1.14, 1.30)

  ≥ 1644.83 11313 (55.4) 1.00 1.26 (1.17, 1.36)

Menopause a 0.228

  No 4605 (38.4) 1.00 1.05 (0.95, 1.17)

  Yes 6724 (63.9) 1.00 1.24 (1.13, 1.36)
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rather than vegetable-based [45], with heavy salt and/
or oil used for flavor or preservation, such as in hot pot, 
pickles, typically in Sichuan Basin regions. Additionally, 
the intake of pungent foods may be accompanied by an 
increased intake of sweet foods [46], carbohydrate-rich 
foods [47] to relieve the burning sensation. In this regard, 
excessive sweet and fat foods intake with spicy foods may 
also contribute to the positive association of spicy foods 
intake with obesity. Furthermore, 79.5% of participants 
consumed spicy food, and the prevalence of weekly spicy 
food consumption was 51.5% in the present study, much 
higher than in the CKB population as a whole, in which 
42.5% of participants consumed spicy food weekly [30]. 
But 99.7% of participants in Hunan consumed spicy food 
weekly, while only 8.8% of participants in Haikou con-
sumed spicy food weekly in the CKB study [30]. This 
discrepancy reflects geographic distribution of Chinese 
residents’ preferences for spicy food. Sichuan Basin is 
located in the southwest of China, and compared with 
residents living in most other provinces, residents in 
Sichuan Basin have a preference for a heavier diet rather 
than bland tastes.

The prospective study using CHNS data showed that 
high amounts spicy food intake was positively associated 
with energy intake [43]. Compared with non-spicy food 
intake group, mean energy intake was greater by more 
than 200  kcal/day in individuals who consumed more 
than 50  g/day of chilli. Previous studies [48, 49] have 
shown that a former exposure to spicy food may atten-
uate the weight-loss effects. Not only that, numerous 
studies [50–54] have shown that capsaicin has a poten-
tial thermogenic effect, increased energy expenditure 
associated with capsaicin intake. Therefore, the slimming 
effects of spicy food consumption on cannot be found 
in the current study, since participants ate spicy food at 
different frequencies and levels as a lifetime eating habit. 
However, capsaicin as the major pungent element in red 
pepper, and studies of its pharmacological properties on 
weight management have been inconsistent. An increase 
in diet-induced thermogenesis and lipid oxidation when 
high-fat diet is mixed with capsaicin, an increase in 
energy expenditure after capsaicin intake was shown in 
study conducted by Andrea et al. [55]. In stark contrast, 
the human study [56] conducted by Galgani et  al. indi-
cated no effect of capsaicin on energy expenditure or 
lipid oxidation. Thus, the exact underlying mechanism 
between spicy food and obesity could not be identified 
and only be speculated.

WC is regarded as the most practical and simplest indi-
cator for evaluating abdominal fat accumulation [57]. 
In this study, we found that the median WC was in the 
desirable range for females, but elevated for males. Gen-
der difference in food choice might represent one of the 

possible reasons for this phenomenon. As females are 
reported to eat more fruit and vegetables but less high-
fat foods than males [58, 59], vegetable-based spicy 
foods could be good for health; for example, chili pep-
per is rich in vitamin A, vitamin C and carotenoids. On 
the other hand, sensitivity to weight-loss effects of spicy 
food might be modulated by genetic variations [60]. The 
available studies exploring the associations between spicy 
food intake frequency and abdominal obesity are still 
limited. Snitker and collaborators [61] conducted that 
abdominal obesity decreased to a greater extent in the 
capsinoid group than in the placebo group, although the 
mean change in waist girth was not significant. However, 
the CKB study [30] showed that WC increased with the 
higher frequency of spicy food intake, which is consist-
ent with the current results. Thus, further studies are 
required to fully elucidate the effects of spicy food com-
ponents on abdominal adiposity.

Hot and spicy habits were more common in younger 
people, but abdominal obesity was higher in older peo-
ple in our study. The possible is that age is an independ-
ent risk factor for abdominal obesity. Over the past 
several decades, a substantial amount of researches [62–
65] have been indicated that the prevalence of abdomi-
nal obesity increased with age in both genders. Although 
spicy habits are more common in younger people, the 
young people have a faster metabolism and greater 
energy expenditure than the older people. Additionally, 
abdominal obesity is defined as abnormal or excessive 
fat accumulation, which is a long-term effect, and the 
statistical models have adjusted for age in our analysis.

In our subgroup analyses, significant differences in the 
association of spicy food consumption with abdominal 
obesity was observed across strata of tobacco use and red 
and processed meats consumption, with a stronger posi-
tive association among current smokers than nonsmok-
ers, red and processed meats intake ≥ 100  g/day group 
than red and processed meats intake < 100  g/day group, 
respectively. Intriguingly, prospective analyses based 
on 28,773 Henan Rural Cohort Study [29] participants 
not only showed that the positive association of spicy 
food consumption was stronger in participants who did 
smoke than among those who did not smoke. Also, the 
study indicated that spicy food intake increased the risk 
of abdominal obesity, and fat energy intake may be a 
mediator of this association in rural Chinese populations, 
which is consistent with the current results. Red and pro-
cessed meats may be an intermediate factor in the asso-
ciation between spicy food and abdominal obesity in our 
study, and the results need to be approved by large cohort 
studies or experimental studies.

Several limitations are present in this study. First, as 
a cross-sectional research, we were unable to reveal a 
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causal association between spicy food consumption 
and abdominal obesity, and studies with larger sample 
size and long-term follow-up are needed to validate the 
associations. Second, for the sake of feasibility, the FFQ 
used in our study only included 13 crude food groups, 
not specific food items, the tool might be flawed. How-
ever, the food group-based and simplified food ques-
tionnaire may be the only feasible way to collect dietary 
information in a large population-based study. By ana-
lyzing the subsample data of 24HDR, we found that 
the differences between the calculation of total energy 
intake based on crude food groups and that based on 
specific food items were small and roughly randomly 
distributed around zero. Third, the CMEC study is not 
a nutritional survey, and detailed information on die-
tary patterns is not available. Therefore, dietary factors, 
which may be important, were not included in the cur-
rent analyses. Forth, the energy intake adjusted in our 
study only included the total energy intake, not specific 
energy intake types, this might be flawed. Fifth, assess-
ment of spicy food consumption in the current study 
was self-reported, particularly the strength of spicy food 
intake was classified according to participants’ subjec-
tive evaluations and usual preferences, reporting and 
recall bias, and measurement error could not be eas-
ily ruled out. Moreover, and the variety of chili types 
might affect the associations, but potential covariates 
were adjusted and subgroup analyses were conducted 
to improve the accuracy. Sixth, although multiple estab-
lished and potential risk factors for abdominal obesity 
were adjusted for in different models, unknown con-
founders by other unmeasured or unknown biologi-
cal and social factors is still possible, which prevented 
us from judging the association. Finally, the partici-
pants in the current study were from two provinces in 
the southwest region of China, which area eating spicy 
foods relatively often, and thus the conclusions may not 
be generalized to other areas in the country. Neverthe-
less, the results of this study provide some insights into 
the association between spicy food consumption and 
abdominal obesity.

Conclusions
The findings of this large-scare study indicated that 
spicy food consumption may be a risk factor for abdom-
inal obesity in Chinese adult population. To some 
extent, we recommend that the residents in the Sichuan 
Basin may consume spicy food in moderation to reduce 
the risk of abdominal obesity. However, further multi-
centre, prospective and long-term follow-up cohort 
studies are needed to elucidate the mechanisms under-
lying this association.
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