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Purpose: Body Mass Index (BMI) is an important indicator for assessing obesity 
and related health risks. With the rapid socio-economic development and 
changes in lifestyle, abnormal BMI (such as underweight, overweight, and 
obesity) has become an increasingly serious public health issue. This study aims 
to explore the impact of exercise frequency on BMI among Chinese adults aged 
19 to 59, and to analyze the role of dietary behaviors in regulating BMI, providing 
a basis for BMI intervention strategies.

Method: The study employs a multi-stage sampling method across 23 provinces, 
provincial capitals, and four municipalities in China, randomly selecting 120 
cities from each region. Online surveys were conducted using Wenjuanxing by 
trained surveyors.

Result: A total of 8,611 individuals participated in the survey. Among them, 1,066 
(12.38%) had a BMI < 18.5, 5,354 (62.18%) had a BMI between 18.5 and 23.9, 
and 2,191 (25.44%) had a BMI ≥ 24. Factors such as gender, age, marital status, 
monthly household income, smoking, and alcohol consumption significantly 
affected BMI (p < 0.05). The overall impact of exercise on abnormal BMI was 
−0.003, with a direct effect of −0.005. The mediating effect of dietary behaviors 
between exercise and abnormal BMI was 0.002, accounting for 92.48% of the 
total effect.

Conclusion: This study highlights the widespread prevalence of abnormal BMI 
among individuals aged 19 to 59  in China. A single exercise intervention may 
be insufficient to effectively improve abnormal BMI; thus, it should be combined 
with strategies aimed at enhancing dietary behaviors.
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1 Introduction

Body mass index (BMI) is calculated by measuring an individual’s weight (kg) and height, 
then applying the formula weight2/height2 (kg/m2) (1). Although BMI does not 
comprehensively reflect body composition, distinguish between fat and muscle, or account for 
differences in fat distribution, it is still widely used in clinical practice and research due to its 
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simplicity, low cost, and high convenience. The Chinese Obesity 
Working Group recommends defining a BMI range of 18.5–23.9 kg/
m2 as normal, while categorizing other BMI levels as abnormal (2). 
Within the abnormal BMI range, a BMI ≥ 24.0 kg/m2 is classified as 
overweight, a BMI ≥ 28.0 kg/m2 as obese, and a BMI < 18.5 kg/m2 as 
underweight2. A BMI < 18.5 kg/m2 and BMI ≥ 24 kg/m2 represent two 
extremes of health status: undernutrition and overweight, both of 
which have adverse effects on health (3). Over the past four decades, 
the number of obese adults has more than quadrupled, and the 
number of overweight individuals has also more than doubled (4). 
However, there is currently limited research on a BMI < 18.5 kg/m2. 
In fact, a BMI < 18.5 kg/m2 is more common in Asia than in Western 
countries, and low BMI is frequently associated with health issues 
such as malnutrition, chronic diseases, and compromised immune 
function (5, 6). Abnormal BMI adversely affects individual health and 
imposes a substantial medical and economic burden on society (7–9). 
However, the global prevalence of abnormal BMI is rising annually, 
underscoring the importance of focusing on abnormal BMI for public 
health (1, 10, 11). In addition, BMI is influenced by factors such as sex, 
age, and ethnicity (12–14). Given the vast size and diversity of the 
population, the investigation of the distribution and characteristics of 
abnormal BMI among Chinese residents is of significant public 
health importance.

With the rapid development of China’s economy and the 
progression of urbanization, significant changes have occurred in 
residents’ exercise habits and dietary behaviors. These changes have 
had a substantial impact on BMI levels. Exercise refers to physical 
activities aimed at enhancing physical health and is closely associated 
with an individual’s BMI level (15). A cohort study involving 5,159 
Chinese residents aged 50 and older found that physical activity is 
significantly associated with the attenuation of long-term changes in 
BMI. This suggests that engaging in physical activity may aid older 
adults in maintaining healthy weight regulation (16). Another study, 
comprising 84 randomized controlled trials (RCTs) with 4,836 
participants, found that regular exercise significantly reduces visceral 
fat in overweight and obese individuals (17). Dietary behaviors are 
another factor influencing an individual’s BMI level, characterized 
by consistent patterns and habits in eating. A study involving 4,249 
residents aged 20 to 80 in a city in northeastern Japan found that 
eating quickly is significantly associated with an increased risk of 
overweight (18). Research conducted by O’Connor and colleagues, 
which included 38,302 adults in the U.S., demonstrates that longer 
periods of morning fasting are associated with higher obesity rates 
(19). Existing research has extensively examined the effects of 
physical activity and diet on BMI. However, most studies tend to 
focus on each factor in isolation, either considering them separately 
or treating them as independent variables, thereby overlooking the 
potential interactive relationship between the two. An online survey 
conducted in the UK during the COVID-19 social lockdown 
between April and May 2020 revealed that a higher BMI was 
associated with lower levels of physical activity and poorer dietary 
quality (20).

The 19–59 age group is currently the largest demographic in 
China, and the health status of this group significantly impacts the 
overall health level of society. Therefore, this study analyzes 
populations with a BMI < 18.5 kg/m2 and BMI ≥ 24 kg/m2, examines 
the relationship between physical activity frequency and BMI among 
Chinese residents aged 19 to 59, and investigates the role of dietary 

behavior. The findings aim to provide a basis for future 
intervention strategies.

2 Participants and methods

2.1 Study design

This study utilizes a multi-stage sampling method. Initially, the 
study includes the provincial capitals of 23 provinces, 5 autonomous 
regions, and 4 directly governed municipalities (Beijing, Tianjin, 
Shanghai, and Chongqing). Subsequently, a random number table 
method is used to select between 2 and 6 cities from each non-capital 
prefecture-level administrative district within the provinces and 
autonomous regions, resulting in a total of 120 cities. At least one 
surveyor or one survey team is recruited in each city. Each surveyor is 
tasked with collecting between 30 and 90 questionnaires, whereas 
each survey team is tasked with collecting between 100 and 200 
questionnaires. Recruitment for this survey excludes the Hong Kong 
Special Administrative Region, the Macau Special Administrative 
Region, and Taiwan Province.

The survey was conducted between July 10, 2021, and September 
15, 2021. Surveyors utilized the online platform Wenjuanxing1 to 
administer questionnaires both one-on-one and face-to-face to the 
public in their assigned areas. Respondents completed the 
questionnaires by clicking on the provided link, gave informed 
consent during the survey, and the surveyors recorded the 
questionnaire numbers. If a respondent possesses cognitive abilities 
but lacks the physical capability to complete the questionnaire, the 
surveyor will conduct a one-on-one interview and complete the 
responses on their behalf.

2.2 Participants

The data for this study were sourced from the 2021 China 
Residents’ Psychological and Behavioral Survey Database. The 
inclusion and exclusion criteria for the survey conducted in that year 
are outlined below. Inclusion Criteria: (1) Age ≥ 12 years; (2) Chinese 
nationality; (3) Resident of China (with no more than 1 month of 
annual absence); (4) Voluntarily participating in the study and signing 
the informed consent form; (5) Capable of independently completing 
the online questionnaire or with the assistance of the surveyor; (6) 
Understanding the meaning of each item in the questionnaire. 
Exclusion Criteria: (1) Individuals who are disoriented or have mental 
abnormalities; (2) Individuals currently participating in similar 
research studies; (3) Individuals unwilling to cooperate. A total of 
11,031 participants from 120 cities across 23 provinces, 5 autonomous 
regions, and 4 municipalities directly under the central government 
in China completed the questionnaire. In this study, since the primary 
focus was on the adult population, data from individuals aged 19 to 
59 were specifically selected for analysis. To ensure the 
representativeness of the sample and the accuracy of the results, 
individuals who self-reported disabilities, were aged ≤18 years, or 

1 https://www.wjx.cn/
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were aged ≥60 years were excluded. The final number of respondents 
included in the study was 8,611, as shown in Figure 1. This study was 
approved by the ethics review board (JNUKY-2021-018).

2.3 Questionnaire

The questionnaire comprises three sections: general demographic 
information, sport scale, and the short form of the Sakata Eating 
Behavior Scale (EBS-SF). The general demographic information 
encompasses gender, age, ethnicity, highest level of education, place 
of residence, marital status, monthly family income (in RMB), 
smoking status, alcohol consumption over the past 2 months, as well 
as self-reported height and weight.

2.3.1 The sport scale
At present, no standardized scale has been specifically developed 

to assess the frequency of physical activity. The physical activity scale, 
derived from the first dimension of the Self-Management Scale, is 
designed to assess the frequency of exercise over a one-week period. 
It includes six categories: physical training, walking, swimming, 

cycling, use of fitness equipment, and other aerobic activities (21). The 
specific details of the scale can be found in Table 1. Each item is rated 
on a 5-point Likert scale according to the frequency of physical 
activity, with the following categories: 0 = Not participating, 1 = Less 
than 30 min per week, 2 = 30 to 59 min per week, 3 = 1 to 3 h per 
week, and 4 = More than 3 h per week. The scores for all six items are 
aggregated to yield a total score ranging from 0 to 24, where a higher 
score signifies a greater frequency of physical activity. The Cronbach’s 
α coefficient for the physical activity scale is 0.814, reflecting a 
satisfactory level of reliability and affirming that the scale is 
appropriate for evaluating residents’ physical activity frequency.

2.3.2 The Sakata Eating Behavior Scale short form
This study employed a modified version of the dietary behavior 

scale to evaluate residents’ dietary behaviors. The Sakata Eating 
Behavior Scale Short Form (EBS-SF) is a reliable and effective 
instrument designed to assess abnormal eating behaviors associated 
with obesity (22). The EBS-SF employs a 4-point Likert scale for 
scoring, which reflects residents’ level of agreement with the 
statements (1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 
4 = Strongly Agree). The total score ranges from 7 to 28, based on 

The residents from 23 provinces, 5 autonomous regions and 4 

municipalities from 10 July 2021 to 15 September 2021

Quota sampling of the residents in a total of 120cities

Participants   N=11,031

Participants 

N=10,682

Final participants

N=8,611 

Excluded (N=2,071): 

Age 18 and Age 60

Excluded (N=349): 

persons with disabilities

FIGURE 1

Flow chart of participant enrollment.
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seven items, with higher scores indicating poorer eating behaviors. In 
this study, the Cronbach’s α coefficient for the EBS-SF was 0.873, 
demonstrating good internal consistency.

2.4 Statistical analysis

The data were statistically described and analyzed using SPSS version 
26.0 and R version 4.2.0 software. For non-normally distributed 
quantitative data, medians and interquartile ranges (IQRs) were used for 
statistical descriptions. Categorical data were presented as frequencies 
and percentages. The chi-square test was employed for categorical data, 
whereas non-parametric tests were applied to quantitative data that did 
not follow a normal distribution or to categorical data. To investigate the 
factors influencing body mass index (BMI), this study utilized multiple 
logistic regression analysis, with individuals having a BMI between 18.5 
and 23.9 as the reference group. Initially, Z-score standardization was 
performed on the EBS-SF to eliminate variations and improve data 
comparability and analytical precision. Subsequently, the mediation 
package in RStudio was employed to examine the mediating effect of 
dietary behavior on the relationship between exercise frequency and 
body mass index (BMI). Concurrently, the glmnet package was utilized 
for regularized regression analysis to optimize the model and manage 
high-dimensional data, thereby ensuring the reliability of the results. All 
tests were conducted with a significance level of α = 0.05.

3 Results

3.1 Basic information

In this survey, a total of 8,611 individuals were sampled: 1,066 
(12.38%) had a BMI < 18.5 kg/m2, 5,354 (62.18%) had a BMI between 
18.5 and 23.9, and 2,191 (25.44%) had a BMI ≥ 24 kg/m2. The overall 
score on the physical activity scale was 6.00 (4.00, 11.00). For 
individuals with a BMI < 18.5 kg/m2, the score was 6.00 (3.00, 11.00). 
For individuals with a BMI between 18.5 and 23.9, the score was 6.00 
(4.00, 11.00). For individuals with a BMI ≥ 24 kg/m2, the score was 
6.00 (3.00, 11.00).

Over the past week, swimming, using exercise equipment, and 
cycling were the activities with the lowest participation rates, 
whereas walking was the most frequently engaged activity. For 
further details, refer to Table 1. The overall score on the dietary 
behavior scale was 17.00 (14.00, 20.00). For individuals with a 
BMI < 18.5 kg/m2, the score was 17.00 (14.00, 20.00). For 
individuals with a BMI between 18.5 and 23.9, the score was 16.00 
(14.00, 20.00). For individuals with a BMI ≥ 24 kg/m2, the score was 
17.00 (15.00, 21.00). The three most frequently endorsed abnormal 
eating behaviors among participants, as shown in Table  2, are 
“eating quickly,” “believing oneself to be more prone to weight gain 
than others,” and “eating when others around me are eating. For 
further details, refer to Table 2.

TABLE 2 Summary of scores on the short version of the eating behavior scale (N = 8,611).

Strongly disagree Moderately disagree Moderately agree Strongly agree

No fixed mealtimes. 1790 (20.79) 2775 (32.23) 3441 (39.96) 605 (7.03)

Only when very full am I satisfied. 1712 (19.88) 3501 (40.66) 2729 (31.69) 669 (7.77)

Fast eating speed. 1231 (14.30) 2641 (30.67) 3776 (43.85) 963 (11.18)

I think I am more prone to gaining weight 

than others.

1374 (15.96) 2471 (28.70) 3503 (40.68) 1263 (14.67)

I like fatty foods. 1501 (17.43) 3005 (34.90) 3411 (39.61) 694 (8.06)

If people around me are eating, I eat too. 1252 (14.54) 3306 (38.39) 3402 (39.51) 651 (7.56)

When I buy food, I am only satisfied if 

I buy more than I need.

1865 (21.66) 3456 (40.13) 2679 (31.11) 611 (7.10)

TABLE 1 Respondents’ physical activity level in the past week (N = 8,611).

None, N (%) <30 minutes/
week, N (%)

30–59 minutes/
week, N (%)

1–3 hours/
week, N (%)

>3 hours/
week, N (%)

Fitness exercises (such as circuit 

training, weightlifting, etc.)

3100 (36) 2092 (24.3) 1345 (15.6) 1308 (15.2) 766 (8.9)

Walking 871 (10.1) 1723 (20.0) 2025 (23.5) 2025 (23.5) 1967 (22.8)

Swimming 5980 (69.4) 1052 (12.2) 683 (7.9) 652 (7.6) 244 (2.8)

Cycling 4222 (49.0) 1545 (17.9) 1242 (14.4) 1023 (11.9) 579 (6.7)

Exercising with equipment (such as a 

treadmill, trampoline, etc.)

5153 (59.8) 1322 (15.4) 918 (10.7) 798 (9.3) 420 (4.9)

Other aerobic exercises (such as 

running, playing table tennis, etc.)

3115 (36.2) 1821 (21.1) 1555 (18.1) 1262 (14.7) 858 (10.0)
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3.2 Comparison of BMI among different 
demographic groups

The results indicate that BMI variations among different genders, 
ages, ethnicities, educational levels, marital statuses, smoking statuses, 
monthly household incomes, occupational statuses, alcohol consumption 
in the past 12 months, exercise scale scores, and dietary behavior scale 
scores were statistically significant (p < 0.05), as presented in Table 3.

3.3 Results of the multivariate logistic 
regression analysis of BMI

BMI was used as the dependent variable, with normal BMI 
(18.5 kg/m2 < BMI < 24 kg/m2) serving as the reference group. 
Variables that were statistically significant in the univariate analysis 
were subsequently included as independent variables in the 
multivariate logistic regression analysis. Detailed results are provided 
in Table 4. Compared to the normal BMI group, females are more 
likely to have a BMI < 18.5 kg/m2 [AOR: 2.209 (1.862–2.621)], while 
males are more likely to have a BMI ≥ 24 kg/m2 [AOR: 0.572 (0.505–
0.647)]. Age is both a protective factor for BMI < 18.5 kg/m2 [46–59: 
AOR: 0.469 (0.364–0.604), 36–45: AOR: 0.570 (0.453–0.717)] and a 
risk factor for BMI ≥ 24 kg/m2 [46–59: AOR: 1.920 (1.642–2.244), 
36–45: AOR: 1.449 (1.239–1.695)]. The risk of having a BMI < 18.5 kg/
m2is 1.634 times higher in the unmarried group compared to the 
married group [AOR: 1.634 (1.314–2.032)]. Being unmarried is 
associated with a lower likelihood of having a BMI ≥ 24 kg/m2 [AOR: 
0.662 (0.546–0.802)]. Individuals with a household monthly income 
>9,000 yuan are less likely to have a BMI < 18.5 kg/m2 compared to 
those with an income ≤4,500 yuan [AOR: 1.290 (1.064–1.563)]. 
Individuals with higher education are less likely to have a 
BMI < 18.5 kg/m2 compared to those with only primary education or 
less [AOR: 0.684 (0.475–0.984)]. Smoking is a risk factor for both a 
BMI < 18.5 kg/m2 [AOR: 1.431 (1.097–1.868)] and a BMI ≥ 24 kg/m2 
[AOR: 1.253 (1.068–1.469)]. Additionally, both alcohol consumption 
[AOR: 1.326 (1.180–1.490)] and abnormal eating behaviors [AOR: 
1.078 (1.065–1.091)] are risk factors for a BMI ≥ 24 kg/m2. Exercise is 
a protective factor for a BMI ≥ 24 kg/m2 [AOR: 0.972 (0.963–0.982)].

3.4 Results of mediation effects analysis

The KHB method was employed to examine the mediating role of 
dietary behavior in the relationship between physical activity and 
abnormal BMI. The results are illustrated in Figure  2. Our analysis 
revealed that dietary behavior mediates the relationship between physical 
activity and abnormal BMI. The total effect of physical activity on 
abnormal BMI was −0.003, with a direct effect of −0.005. The mediating 
effect of dietary behavior in the relationship between physical activity 
and abnormal BMI was 0.002, constituting 92.48% of the total effect. For 
further details, please refer to Table 5.

4 Discussion

In this survey, the mean BMI was 22.04 ± 3.19 kg/m2, with 12.38% 
of the population classified as underweight (<18.5 kg/m2) and 25.44% 

classified as overweight (≥24 kg/m2). Another survey involving 
approximately 15.77 million Chinese participants aged 18 years and 
older indicates that the mean BMI in China is 24.1 kg/m2, with an 
overweight rate of 34.8% and an obesity rate of 14.1% (23). The results 
of this study are higher than those of our research, which may 
be attributable to variations in sample selection or research methodology.

In this study, we  observed that individuals aged 35–59 years 
exhibited a higher risk of being overweight compared to those aged 
19–35 years. This trend may be attributable to a decline in metabolic 
rate. Additionally, there are significant differences in BMI outcomes 
based on gender. Research indicates that women are more likely to 
have a lower BMI compared to men, which is associated with 
physiological characteristics and societal expectations (24, 25). A 
study involving 18,512 university students from 22 countries found 
that even when women’s BMI has not yet reached the medical 
threshold for obesity or overweight, they may still perceive the need 
to lose weight. In contrast, men are less likely to recognize that they 
are overweight and are less inclined to attempt weight loss (25). The 
influence of marital status on BMI is also evident (26). Married 
individuals are at a higher risk of adverse BMI outcomes compared 
to unmarried individuals, which may be related to lifestyle changes 
associated with marriage. For instance, the “happy weight gain” 
phenomenon suggests that satisfaction in intimate relationships may 
contribute to weight gain (27). Conversely, this study found that the 
BMI of unmarried individuals is lower, which may be attributed to 
their more frequent social activities, focus on appearance, or healthier 
eating habits. The influence of education and income levels on BMI 
should not be  overlooked. Large-scale surveys in South Korea 
indicate that low-income groups are more likely to experience severe 
underweight issues, while high-income groups exhibit relative 
stability (28). Similarly, research in the U.S. has found that higher 
education levels are associated with lower BMI, likely due to increased 
health awareness and improved dietary habits associated with higher 
education (29). Furthermore, this study found that smokers and 
drinkers are more likely to experience weight abnormalities (such as 
being underweight or overweight) compared to non-smokers and 
non-drinkers, consistent with previous research (30).

With the rapid economic development, dietary patterns 
among Chinese residents have undergone significant changes. 
There has been a sharp increase in the consumption of high-sugar 
and high-calorie foods; concurrently, rates of obesity and 
overweight have risen significantly (31). These phenomena further 
underscore the adverse impact of poor dietary habits on 
individuals’ Body Mass Index (BMI). Currently, an increasing 
number of individuals are managing their BMI through dietary 
control (32). A study conducted in Japan indicated that individuals 
with more intense dieting behaviors exhibit smaller discrepancies 
between their actual weight and their ideal weight, BMI, and body 
shape (33). Diet control is achieved by adjusting an individual’s 
intake of dietary components, whereas behavioral change focuses 
on achieving this through nutritional education and the 
establishment of healthy eating habits. In this study, abnormal 
dietary behaviors are identified as risk factors for an overweight 
BMI. Conversely, a healthy lifestyle aids individuals in maintaining 
a normal BMI. Physical activity is regarded as a crucial factor for 
promoting long-term weight loss and preventing weight regain 
(17, 34, 35). Although methods such as behavior modification, 
medication, and surgery can reduce obesity, increasing physical 
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activity is often a more preferable option when considering 
socioeconomic factors and potential side effects (36). This study 
finds that individuals with higher exercise frequencies are less 
likely to exhibit abnormal BMI, which is consistent with previous 
research (37). Additionally, physical activity is a factor that 

promotes body development, thereby aiding individuals in 
maintaining a normal BMI (38).

It is noteworthy that, in the mediation effect analysis, abnormal 
dietary behaviors were found to obscure the protective effect of exercise 
on abnormal BMI. Increasing the frequency of exercise helps mitigate 

TABLE 3 Comparison of BMI differences among respondents with different characteristics (N = 8,611).

Variables Total Body Mass Index p-value

< 18.5 18.5–23.9 ≥ 24

Subjects, n (%) 8611 1066 (12.38) 5354 (62.18) 2191 (25.44)

Gender, n (%) <0.001

Man 3895 (45.23) 290 (27.20) 2297 (42.90) 1308 (59.70)

Woman 4716 (54.77) 776 (72.80) 3057 (57.10) 883 (40.30)

Age, n (%) <0.001

19–35 4455 (51.74) 808 (75.80) 2881 (53.81) 766 (34.96)

36–45 2021 (23.47) 146 (13.70) 1263 (23.59) 612 (27.93)

46–59 2135 (24.79) 112 (10.51) 1210 (22.60) 813 (37.11)

Smoking status, n (%) <0.001

Never smoked 6922 (80.39) 941 (88.27) 4455 (83.21) 1526 (69.65)

smoking 1175 (13.65) 92 (8.63) 596 (11.13) 487 (22.23)

Abandon smoking 514 (5.97) 33 (3.10) 303 (5.66) 178 (8.12)

Drinking status, n (%) <0.001

Never drank 3728 (43.30) 394 (37.00) 2161 (40.40) 1173 (53.50)

Drinking 4883 (56.70) 672 (63.00) 3193 (59.60) 1017 (46.50)

Education level, n (%) <0.001

Primary education and below 465 (5.4) 45 (4.22) 266 (4.97) 154 (7.03)

Secondary education 2322 (26.97) 177 (16.60) 1384 (25.85) 761 (34.73)

Higher education 5824 (67.63) 844 (79.17) 3704 (69.18) 1276 (58.24)

Nation, n (%) 0.037

Han 8129 (94.40) 989 (92.78) 5060 (94.51) 2080 (94.93)

Minority nationality 482 (5.60) 77 (7.22) 294 (5.49) 111 (5.07)

Marital status, n (%) <0.001

Married 5205 (60.44) 396 (37.15) 3170 (59.20) 1639 (74.80)

Unmarried 3192 (37.07) 647 (60.69) 2060 (38.48) 485 (22.14)

Other 214 (2.49) 23 (2.16) 124 (2.32) 67 (3.06)

Per capita monthly income, n (%) 0.014

<4500 4164 (48.36) 536 (50.28) 2568 (47.96) 1060 (48.38)

4500-9000 3025 (35.13) 335 (31.43) 1941 (36.25) 749 (34.19)

>9000 1422 (16.51) 195 (18.29) 845 (15.78) 382 (17.43)

Occupational status, n (%) <0.001

Student 2199 (25.54) 466 (43.71) 1422 (26.56) 311 (14.19)

On-the-job 4521 (52.50) 430 (40.34) 2803 (52.35) 1288 (58.79)

Other 1891 (21.96) 170 (15.95) 1129 (21.09) 592 (27.02)

Place of residence, n (%) 0.342

Rural 2146 (24.92) 285 (26.75) 1322 (24.69) 539 (24.60)

Urban 6465 (75.08) 781 (73.26) 4032 (75.31) 1652 (75.40)

Physical activity level 6.00 (4.00, 11.00) 6.00 (3.00, 11.00) 6.00 (4.00, 11.00) 6.00 (3.00, 11.00) <0.001

EBS-SF 17.00 (14.00, 20.00) 17.00 (14.00, 20.00) 16.00 (14.00, 20.00) 17.00 (15.00, 21.00) <0.001
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the risk of abnormal BMI. However, the presence of abnormal dietary 
behaviors significantly diminished this protective effect. Furthermore, 
this study revealed that abnormal dietary behaviors obscured 92.48% 
of the protective effect of exercise on abnormal BMI. This masking 
effect indicates that abnormal dietary behaviors could be a crucial 
intervention point or influencing factor, playing a pivotal role in the 
relationship between exercise and abnormal BMI. Abnormal dietary 
behaviors, such as rapid eating, can result in excessive food intake 
because the brain requires time to process satiety signals (39). 
Numerous studies indicate that individuals who eat rapidly are more 
prone to consuming excess calories, which can lead to weight gain, 
whereas eating slowly may enhance satiety and aid in controlling food 
intake (40, 41). Abnormal eating behaviors can impair digestive 
efficiency, leading to symptoms such as indigestion or bloating, which 
may affect comfort and performance during exercise (42, 43). 
Therefore, future research should further investigate effective 
interventions for abnormal eating behaviors to optimize exercise 
outcomes and mitigate the risk of abnormal BMI. Additionally, a 
comprehensive intervention customized to individual dietary habits 
and exercise patterns may be essential for enhancing overall health. It 
is crucial to recognize that individual dietary habits are shaped by 
regional cultural influences. Therefore, it is essential to take the local 

TABLE 4 Results of multivariate logistic regression associated with BMI (N = 8,611).

Variables (Reference) BMI<18.5 BMI≥24

AOR (95%CI) p-value AOR (95%CI) p-value

Gender (Male) 2.209 (1.862–2.621) <0.001 0.572 (0.505–0.647) <0.001

Age (19–35)

36-45 0.469 (0.364–0.604) <0.001 1.920 (1.642–2.244) <0.001

46-59 0.570 (0.453–0.717) <0.001 1.449 (1.239–1.695) <0.001

Nation (Han) 1.247 (0.954–1.630) 0.106 0.909 (0.719–1.151) 0.430

Marital status (Married)

Other 1.441 (0.906-2.291) 0.123 1.032 (0.754-1.412) 0.845

Unmarried 1.634 (1.314–2.032) <0.001 0.662 (0.546–0.802) <0.001

Per capita monthly income (≤4500)

>9000 1.290 (1.064–1.563) 0.010 1.107 (0.950–1.291) 0.192

4501–9000 0.952 (0.814–1.114) 0.539 0.925 (0.820–1.043) 0.203

Education level (Secondary education)

Primary education and below 0.764 (0.531–1.101) 0.149 0.954 (0.752–1.210) 0.698

Higher education 0.684 (0.475–0.984) 0.041 1.042 (0.829–1.310) 0.723

Smoking status (Never smoked)

Abandon smoking 1.102 (0.747–1.627) 0.623 0.882 (0.712–1.092) 0.250

smoking 1.431 (1.097–1.868) 0.008 1.253 (1.068–1.469) 0.006

Drinking status (Never drank)

Drinking 0.995 (0.825–1.328) 0.946 1.326 (1.180–1.490) <0.001

Occupational status (on-the-job)

Other 1.078 (0.873-1.332) 0.486 1.038 (0.904, 1.191) 0.600

Student 1.157 (0.948–1.413) 0.151 0.871 (0.710–1.069) 0.188

EBS-SF 0.995 (0.980–1.010) 0.532 1.078 (1.065–1.091) <0.001

Physical activity level 0.995 (0.–1.008) 0.473 0.972 (0.963–0.982) <0.001

Physical activity BMI

Z-EBSSF

Physical activity BMI
c’ = -0.003*

a b

ab = 0.002***

c = -0.005***

Proportion of 
mediation = 92.48% 

FIGURE 2

Mediated model of Z-EBSSF. Path a is a regression analysis between 
exposure and mediator. Path b is a regression analysis between 
mediator and outcome. Path c is a regression analysis between 
exposure and outcome. Path c’ is a regression analysis between 
exposure and outcome. The indirect effect (ab) estimate is the 
amount of mediator contribution to the relationship between 
exposure and outcome. * p-value <0.05. * * p-value <0.001.
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dietary context into account when designing and implementing 
intervention strategies.

Although this is a large-scale, national cross-sectional study, it 
has several limitations. Firstly, because the national sample data is 
cross-sectional, it is not possible to analyze temporal changes in 
correlations (44). Secondly, as weight and height are self-reported, 
this could result in an underestimation of BMI. Some studies have 
indicated that the discrepancy between self-reported and measured 
weight is relatively small among overweight individuals, this bias may 
still influence the accuracy of the results (45). Additionally, the 
sample in this study predominantly comprised adults aged 19 to 59, 
which may limit the external validity of the findings when applied to 
child and older adult populations. Future research should further 
explore the patterns of BMI variation across different age groups and 
the determinants driving these changes. Furthermore, this study did 
not adequately account for cultural differences in diet, which may 
impact the applicability of the findings across different regions 
and populations.

5 Conclusion

This study indicates that 37.82% of Chinese adults aged 19–59 
have an abnormal BMI, with a higher proportion of individuals 
exhibiting a BMI ≥ 24 kg/m2. Although increased physical activity has 
a positive effect on BMI control, poor dietary behaviors significantly 
undermine the effectiveness of exercise. Therefore, it is essential to 
raise awareness of abnormal BMI and implement effective 
intervention strategies. The study also found that exercise alone is 
insufficient to significantly improve BMI; combining physical activity 
with dietary improvements is a more effective approach. Future 
research should further investigate the differential responses to dietary 
and exercise interventions across various populations (e.g., by age, 
gender, region, etc.) in order to develop more targeted health 
management strategies.
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TABLE 5 Mediating effects of Z-EBSSF in physical activity level and BMI.

Variables β (95% CI) SE Proportion p

Total effect −0.0026 (−0.0049, −0.0002) 0.001 - 0.037

Direct effect −0.0050 (−0.0073, −0.0027) 0.001 - <0.001

Mediation effect 0.0024 (0.0019, 0.0030) <0.001 92.48% <0.001

Z-EBS-SF, The Short-Form of the Eating Behavior Scale; BMI, body mass index.

https://doi.org/10.3389/fpubh.2024.1514805
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2024.1514805

Frontiers in Public Health 09 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. World Health Organization. (2024). Obesity and overweight. Available at: . (https://

www.who.int/news-room/fact-sheets/detail/obesity-and-overweight)

 2. Zhou BF. Predictive values of body mass index and waist circumference for risk 
factors of certain related diseases in Chinese adults-study on optimal cut-off points of 
body mass index and waist circumference in Chinese adults. Biomed Environ Sci. (2002) 
15:83–96. Available at: https://pubmed.ncbi.nlm.nih.gov/12046553/

 3. Du Z, Zhu W, Zhao Y, et al. The epidemic of stroke mortality attributed to high 
body mass index in mainland China: current trends and future prediction. Front Public 
Health. (2022) 10:1021646. doi: 10.3389/fpubh.2022.1021646

 4. Zeng Q, Li N, Pan XF, Chen L, Pan A. Clinical management and treatment of 
obesity in China. Lancet Diabetes Endocrinol. (2021) 9:393–405. doi: 10.1016/
s2213-8587(21)00047-4

 5. Kiss N, Prado CM, Daly RM, Denehy L, Edbrooke L, Baguley BJ, et al. Low muscle 
mass, malnutrition, sarcopenia, and associations with survival in adults with cancer in 
the UK biobank cohort. J Cachexia Sarcopenia Muscle. (2023) 14:1775–88. doi: 10.1002/
jcsm.13256

 6. Gazdikova K, Fojtova A, Wsolova L, Norek B, Slovacikova M. Nutritional status and 
risk of malnutrition. Bratisl Lek Listy. (2024) 125:399–403. doi: 10.4149/bll_2024_61

 7. Okunogbe A, Nugent R, Spencer G, Powis J, Ralston J, Wilding J. Economic impacts 
of overweight and obesity: current and future estimates for 161 countries. BMJ Glob 
Health. (2022) 7:9773. doi: 10.1136/bmjgh-2022-009773

 8. Kim G, Choi S, Lyu J. Body mass index and trajectories of cognitive decline among 
older Korean adults. Aging Ment Health. (2020) 24:758–64. doi: 10.1080/13607863. 
2018.1550628

 9. Xue Z, Yu J, Higashikuchi T, Compher C. Does low body mass index predict 
mortality in Asian hospitalized patients? JPEN J Parenter Enteral Nutr. (2020) 44:722–8. 
doi: 10.1002/jpen.1708

 10. Pan XF, Wang L, Pan A. Epidemiology and determinants of obesity in China. 
Lancet Diabetes Endocrinol. (2021) 9:373–92. doi: 10.1016/s2213-8587(21)00045-0

 11. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index in 
200 countries from 1975 to 2014: A pooled analysis of 1698 population-based 
measurement studies with 19·2 million participants. Lancet. (2016) 387:1377–96. doi: 
10.1016/s0140-6736(16)30054-x

 12. Hayes A, Gearon E, Backholer K, Bauman A, Peeters A. Age-specific changes in 
BMI and BMI distribution among Australian adults using cross-sectional surveys from 
1980 to 2008. Int J Obes. (2005) 39:1209–16. doi: 10.1038/ijo.2015.50

 13. Chen L, Juon HS, Lee S. Acculturation and BMI among Chinese, Korean and 
Vietnamese adults. J Community Health. (2012) 37:539–46. doi: 10.1007/s10900-011-9476-1

 14. Heymsfield SB, Peterson CM, Thomas DM, Heo M, Schuna JM Jr. Why are there 
race/ethnic differences in adult body mass index-adiposity relationships? A quantitative 
critical review. Obes Rev. (2016) 17:262–75. doi: 10.1111/obr.12358

 15. Dasso NA. How is exercise different from physical activity? A concept analysis. 
Nurs Forum. (2019) 54:45–52. doi: 10.1111/nuf.12296

 16. Cleven L, Syrjanen JA, Geda YE, Christenson LR, Petersen RC, Vassilaki M, et al. 
Association between physical activity and longitudinal change in body mass index in middle-
aged and older adults. BMC Public Health. (2023) 23:202. doi: 10.1186/s12889-023-15119-7

 17. Chen X, He H, Xie K, Zhang L, Cao C. Effects of various exercise types on visceral 
adipose tissue in individuals with overweight and obesity: a systematic review and 
network meta-analysis of 84 randomized controlled trials. Obes Rev. (2024) 25:e13666. 
doi: 10.1111/obr.13666

 18. Lee JS, Mishra G, Hayashi K, Watanabe E, Mori K, Kawakubo K. Combined eating 
behaviors and overweight: eating quickly, late evening meals, and skipping breakfast. 
Eat Behav. (2016) 21:84–8. doi: 10.1016/j.eatbeh.2016.01.009

 19. O'Connor SG, Reedy J, Graubard BI, Kant AK, Czajkowski SM, Berrigan D. 
Circadian timing of eating and BMI among adults in the American time use survey. Int 
J Obes. (2005) 46:287–96. doi: 10.1038/s41366-021-00983-3

 20. Robinson E, Boyland E, Chisholm A, Harrold J, Maloney NG, Marty L, et al. 
Obesity, eating behavior and physical activity during COVID-19 lockdown: a study of 
UK adults. Appetite. (2021) 156:104853. doi: 10.1016/j.appet.2020.104853

 21. Lorig KR, Sobel DS, Ritter PL, Laurent D, Hobbs M. Effect of a self-management 
program on patients with chronic disease. Eff Clin Pract. (2001) 
4:256–62. Available at: https://pubmed.ncbi.nlm.nih.gov/11769298/

 22. Tayama J, Ogawa S, Takeoka A, Kobayashi M, Shirabe S. Item response theory-
based validation of a short form of the eating behavior scale for Japanese adults. 
Medicine. (2017) 96:e8334. doi: 10.1097/md.0000000000008334

 23. Chen K, Shen Z, Gu W, Lyu Z, Qi X, Mu Y, et al. Prevalence of obesity and 
associated complications in China: a cross-sectional, real-world study in 15.8 million 
adults. Diabetes Obes Metab. (2023) 25:3390–9. doi: 10.1111/dom.15238

 24. Machluf Y, Fink D, Farkash R, Rotkopf R, Pirogovsky A, Tal O, et al. Adolescent 
BMI at northern Israel: from trends, to associated variables and comorbidities, and to 
medical signatures. Medicine. (2016) 95:e3022. doi: 10.1097/md.0000000000003022

 25. Wardle J, Haase AM, Steptoe A. Body image and weight control in young adults: 
international comparisons in university students from 22 countries. Int J Obes. (2005) 
30:644–51. doi: 10.1038/sj.ijo.0803050

 26. Mata J, Richter D, Schneider T, Hertwig R. How cohabitation, marriage, separation, 
and divorce influence BMI: a prospective panel study. Health Psychol. (2018) 37:948–58. 
doi: 10.1037/hea0000654

 27. Quan S, Zhang H. The relationship between marriage and body mass index in 
China: evidence from the China health and nutrition survey. Econ Hum Biol. (2024) 
53:101368. doi: 10.1016/j.ehb.2024.101368

 28. Joh HK, Kwon H, Son KY, Yun JM, Cho SH, Han K, et al. Trends in underweight 
and severe underweight disparities in Korean adults and older adults: a nationwide, 
repeated cross-sectional study. J Nutr Health Aging. (2024) 28:100185. doi: 10.1016/j.
jnha.2024.100185

 29. Benson R, von Hippel PT, Lynch JL. Does more education cause lower BMI, or do 
lower-BMI individuals become more educated? Evidence from the National 
Longitudinal Survey of youth 1979. Soc Sci Med. (1982) 211:370–7. doi: 10.1016/j.
socscimed.2017.03.042

 30. Liao C, Gao W, Cao W, Lv J, Yu C, Wang S, et al. The association of cigarette 
smoking and alcohol drinking with body mass index: a cross-sectional, population-
based study among Chinese adult male twins. BMC Public Health. (2016) 16:311. doi: 
10.1186/s12889-016-2967-3

 31. Calvo D, Galioto R, Gunstad J, Spitznagel MB. Uncontrolled eating is associated 
with reduced executive functioning. Clin Obes. (2014) 4:172–9. doi: 10.1111/cob.12058

 32. Ashtary-Larky D, Bagheri R, Bavi H, Baker JS, Moro T, Mancin L, et al. Ketogenic 
diets, physical activity and body composition: a review. Br J Nutr. (2022) 127:1898–920. 
doi: 10.1017/s0007114521002609

 33. Ohara K, Kato Y, Mase T, Kouda K, Miyawaki C, Fujita Y, et al. Eating behavior 
and perception of body shape in Japanese university students. Eat Weight Disord. (2014) 
19:461–8. doi: 10.1007/s40519-014-0130-7

 34. Jakicic JM, Davis KK. Obesity and physical activity. Psychiatr Clin North Am. 
(2011) 34:829–40. doi: 10.1016/j.psc.2011.08.009

 35. Skrypnik D, Bogdański P, Mądry E, Karolkiewicz J, Ratajczak M, Kryściak J, et al. 
Effects of endurance and endurance strength training on body composition and physical 
capacity in women with abdominal obesity. Obes Facts. (2015) 8:175–87. doi: 
10.1159/000431002

 36. So WY. Physical activity and sedentary behavior's association with body weight in 
Korean adolescents. Int J Sport Nutr Exerc Metab. (2013) 23:1–10. doi: 10.1123/
ijsnem.23.1.1

 37. Barte JC, Veldwijk J, Teixeira PJ, Sacks FM, Bemelmans WJ. Differences in weight 
loss across different BMI classes: a meta-analysis of the effects of interventions with diet 
and exercise. Int J Behav Med. (2014) 21:784–93. doi: 10.1007/s12529-013-9355-5

 38. Pearson AM. Muscle growth and exercise. Crit Rev Food Sci Nutr. (1990) 
29:167–96. doi: 10.1080/10408399009527522

 39. Watts AG, Kanoski SE, Sanchez-Watts G, Langhans W. The physiological control 
of eating: signals, neurons, and networks. Physiol Rev. (2022) 102:689–813. doi: 10.1152/
physrev.00028.2020

 40. Sáenz-Pardo-Reyes E, Housni FE, López-Espinoza A, Martínez Moreno AG, 
Padilla Galindo MDR, Velázquez SG. Effect of eating speed modification techniques and 
strategies on food or energy intake: a systematic review and meta-analysis. Nutr Hosp. 
(2021) 38:631–44. doi: 10.20960/nh.03467

 41. Garcidueñas-Fimbres TE, Paz-Graniel I, Nishi SK, Salas-Salvadó J, Babio N. Eating 
speed, eating frequency, and their relationships with diet quality, adiposity, and 
metabolic syndrome, or its components. Nutrients. (2021) 13:1687. doi: 10.3390/
nu13051687

https://doi.org/10.3389/fpubh.2024.1514805
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://pubmed.ncbi.nlm.nih.gov/12046553/
https://doi.org/10.3389/fpubh.2022.1021646
https://doi.org/10.1016/s2213-8587(21)00047-4
https://doi.org/10.1016/s2213-8587(21)00047-4
https://doi.org/10.1002/jcsm.13256
https://doi.org/10.1002/jcsm.13256
https://doi.org/10.4149/bll_2024_61
https://doi.org/10.1136/bmjgh-2022-009773
https://doi.org/10.1080/13607863.2018.1550628
https://doi.org/10.1080/13607863.2018.1550628
https://doi.org/10.1002/jpen.1708
https://doi.org/10.1016/s2213-8587(21)00045-0
https://doi.org/10.1016/s0140-6736(16)30054-x
https://doi.org/10.1038/ijo.2015.50
https://doi.org/10.1007/s10900-011-9476-1
https://doi.org/10.1111/obr.12358
https://doi.org/10.1111/nuf.12296
https://doi.org/10.1186/s12889-023-15119-7
https://doi.org/10.1111/obr.13666
https://doi.org/10.1016/j.eatbeh.2016.01.009
https://doi.org/10.1038/s41366-021-00983-3
https://doi.org/10.1016/j.appet.2020.104853
https://pubmed.ncbi.nlm.nih.gov/11769298/
https://doi.org/10.1097/md.0000000000008334
https://doi.org/10.1111/dom.15238
https://doi.org/10.1097/md.0000000000003022
https://doi.org/10.1038/sj.ijo.0803050
https://doi.org/10.1037/hea0000654
https://doi.org/10.1016/j.ehb.2024.101368
https://doi.org/10.1016/j.jnha.2024.100185
https://doi.org/10.1016/j.jnha.2024.100185
https://doi.org/10.1016/j.socscimed.2017.03.042
https://doi.org/10.1016/j.socscimed.2017.03.042
https://doi.org/10.1186/s12889-016-2967-3
https://doi.org/10.1111/cob.12058
https://doi.org/10.1017/s0007114521002609
https://doi.org/10.1007/s40519-014-0130-7
https://doi.org/10.1016/j.psc.2011.08.009
https://doi.org/10.1159/000431002
https://doi.org/10.1123/ijsnem.23.1.1
https://doi.org/10.1123/ijsnem.23.1.1
https://doi.org/10.1007/s12529-013-9355-5
https://doi.org/10.1080/10408399009527522
https://doi.org/10.1152/physrev.00028.2020
https://doi.org/10.1152/physrev.00028.2020
https://doi.org/10.20960/nh.03467
https://doi.org/10.3390/nu13051687
https://doi.org/10.3390/nu13051687


Zhang et al. 10.3389/fpubh.2024.1514805

Frontiers in Public Health 10 frontiersin.org

 42. Tinsley GM, La Bounty PM. Effects of intermittent fasting on body composition 
and clinical health markers in humans. Nutr Rev. (2015) 73:661–74. doi: 10.1093/
nutrit/nuv041

 43. Rowlands DS, Hopkins WG. Effect of high-fat, high-carbohydrate, and high-
protein meals on metabolism and performance during endurance cycling. Int J Sport 
Nutr Exerc Metab. (2002) 12:318–35. doi: 10.1123/ijsnem.12.3.318

 44. Connor Gorber S, Tremblay M, Moher D, Gorber B. A comparison of direct vs. 
self-report measures for assessing height, weight and body mass index: a systematic 
review. Obes Rev. (2007) 8:307–26. doi: 10.1111/j.1467-789X.2007.00347.x

 45. Christian NJ, King WC, Yanovski SZ, Courcoulas AP, Belle SH. Validity of self-
reported weights following bariatric surgery. JAMA. (2013) 310:2454–6. doi: 10.1001/
jama.2013.281043

https://doi.org/10.3389/fpubh.2024.1514805
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1093/nutrit/nuv041
https://doi.org/10.1093/nutrit/nuv041
https://doi.org/10.1123/ijsnem.12.3.318
https://doi.org/10.1111/j.1467-789X.2007.00347.x
https://doi.org/10.1001/jama.2013.281043
https://doi.org/10.1001/jama.2013.281043

	How exercise frequency affects BMI: a nationwide cross-sectional study exploring key influencing factors, including dietary behavior
	1 Introduction
	2 Participants and methods
	2.1 Study design
	2.2 Participants
	2.3 Questionnaire
	2.3.1 The sport scale
	2.3.2 The Sakata Eating Behavior Scale short form
	2.4 Statistical analysis

	3 Results
	3.1 Basic information
	3.2 Comparison of BMI among different demographic groups
	3.3 Results of the multivariate logistic regression analysis of BMI
	3.4 Results of mediation effects analysis

	4 Discussion
	5 Conclusion

	 References

