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Abstract: Objective: The objective of this study was to evaluate the home food environment of
the elderly in Beijing and analyze its association with the body mass index (BMI) of the elderly,
as well as to provide recommendations for improving the home food environment for the elderly.
Methods: This study was conducted in Beijing, China, in 2019. The participants were 1764 elderly
individuals aged 65 to 80, recruited from 12 communities through a multistage stratified random
sampling method. The study involved the use of questionnaire surveys to gather data on participants’
demographics, the availability of various foods in their households, and their living conditions.
Socioeconomic status (SES) was evaluated based on their educational level, occupation, and income
level. Height and weight measurements were taken to calculate BMI. We conducted both univariate
analysis and multiple linear regression analysis to evaluate the relationship between the home food
environment and BMI. Results: A total of 1800 questionnaires were distributed, of which 1775 were
retrieved, resulting in a questionnaire recovery rate of 98.6%. Among these, 1764 questionnaires
were deemed valid, corresponding to a questionnaire validity rate of 99.4%. The participants had
a mean age of 69.7 ± 4.3 years old, over 40% of whom were overweight or obese. In terms of
low-energy/high-nutrient-density foods, the most readily available items were fresh vegetables
(95.6%), followed by coarse grains (94.1%), fresh fruits (90.4%), and dairy products (83.6%). Among
high-energy/low-nutrient-density foods, preserved foods were the most available (51.9%), followed
by salted snacks (40.6%), sugary beverages (28.2%), and fried foods (9.4%). Approximately 7.3% of
participants lived alone. Elderly individuals with higher SES had a lower BMI compared to those
with medium to low SES (25.9 vs. 26.5, 25.9 vs. 26.4, p < 0.05). Those living alone had a higher BMI
than those who did not (27.2 vs. 26.2, p = 0.001). After controlling for potential confounding variables,
older adults with high SES exhibited a BMI reduction of 0.356 kg/m2 (p = 0.001), whereas those living
alone exhibited an increase in BMI of 1.155 kg/m2 (p < 0.001). The presence of preserved foods at
home was linked to a BMI increase of 0.442 kg/m2 (p = 0.008). Conclusion: This study underscores
the significant impact of family SES, living conditions, and the availability of preserved foods on the
BMI of elderly individuals.

Keywords: home food environment; body mass index; BMI; older adults

1. Introduction

The world is experiencing a rapid aging phenomenon compared to the past. China
transitioned into an aging society in 2000 and currently hosts the largest population of
older adults (aged 60 and above) worldwide [1]. The population of individuals aged 65 and
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above in China had reached 210 million by the end of 2022, accounting for 13.5% of the total
population [2]. As the population ages, China has undergone a significant epidemiological
shift from infectious diseases to non-communicable diseases (NCDs). Overweight and
obesity are closely linked to increased morbidity from NCDs and cardiovascular disease
mortality [3]. In recent decades, Chinese residents have undergone a dietary transition
characterized by a move towards a diet rich in fats and energy but low in fiber [4]. Con-
currently, the issues of overweight and obesity have come to the forefront. Based on the
“Report on the Nutrition and Chronic Disease Status of Chinese Residents (2020)”, the rate
of overweight individuals aged 60 and above increased from 31.9% in 2012 to 36.6% in
2018, and the obesity rate rose from 11.6% to 13.6% [5].

The occurrence and development of obesity are influenced by various factors, includ-
ing genetic factors, dietary factors, environmental factors, etc. Among these factors, the
food environment, as one of the significant influencing factors of obesity, has received
increasing attention [6,7]. An ecological framework that illustrates the food environment
encompasses individual-level factors, the social environment, the physical surroundings,
and macro-level factors [8]. Given that people primarily store and consume food at home,
numerous factors within the home food environment have been correlated with dietary
behaviors and weight status. Globally, significant evidence has highlighted the associa-
tions between the home food environment and body mass index (BMI). However, there
is currently no unified concept of the home food environment [9]. Richard R. divides
the home food environment into three dimensions: political and economic environments,
sociocultural environments, and built and natural environments [10]. As per the AN-
GELO framework, the obesogenic home environment comprises four dimensions: physical,
economic, political, and sociocultural dimensions [11].

Researchers have extensively focused on the physical environment in the home,
namely, the availability of food as the primary aspect of the home food environment [12].
While many of these investigations have centered on children, a few have concentrated on
adults [12–15]. A study conducted among American adults revealed that a more diverse
availability of fruits and vegetables was linked to lower odds of overweight/obesity [12].
Emery reported that homes of obese individuals had a lower availability of healthy food
options in comparison to homes of non-obese individuals [13]. Gorin’s research sim-
ilarly revealed that overweight adults had a reduced presence of low-fat snacks and
fruits/vegetables but an increased presence of high-fat snacks compared to those with
normal weight [14]. In the case of overweight and obese women, the quantity of unhealthy
foods within the household was linked to the percentage of calories derived from fat [15].
Home food availability can serve as an effective target for interventions aimed at addressing
overweight and obesity.

Socioeconomic status (SES) also has an influence on obesity. A meta-analysis primarily
derived from studies conducted in developed countries revealed a correlation between
SES and obesity in the female population [16]. In countries with low and middle incomes,
individuals with higher SES are more likely to experience obesity [17]. Notably, none of
the studies mentioned above were centered on the Chinese population. An investigation
targeting Chinese children suggested a potential positive correlation between high SES and
childhood obesity [18]. Furthermore, numerous other facets of the home food environment
exhibit associations with obesity, including family size and structure, family members
dining together, and household dining rules [8,19]. However, there is limited research
focusing on these factors.

Currently, most studies in this area are centered on developed countries, with limited
studies conducted in China. The distinctive social and cultural context in China may exert
different effects on the correlation between the home food environment and the prevalence
of overweight and obesity, highlighting the need for more China-specific research to bridge
this knowledge gap. The influence of the home food environment may vary significantly
based on the dietary habits of specific subgroups. Given the reduced mobility of older
adults, their dietary habits and weight status might be more heavily influenced by their
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home food environment. While most studies have concentrated on children, research
on older adults in this regard is notably scarce. Given the increasingly pressing aging
demographic in China, prioritizing the health status of elderly individuals is of paramount
importance. The incompleteness of current findings, along with the absence of Chinese-
specific and older-adult-focused evidence, underscores the necessity for additional research.

In this study, we aimed to comprehensively characterize the home food environment
across three dimensions and analyze its association with BMI in the elderly population.
Ultimately, our goal was to provide insights and recommendations for the enhancement of
the home food environment, thereby improving the health of the elderly.

2. Materials and Methods
2.1. Study Design

Our study employed a cross-sectional design, encompassing both urban and suburban
areas of Beijing, China.

2.2. Participants

The participants were from a 2019 cross-sectional survey that focused on the dietary
behaviors and factors influencing older adults. The recruitment of participants took place
across 12 communities spanning 3 districts in Beijing. A total of 1800 questionnaires were
distributed, with participant numbers ranging from 117 to 181 individuals per community.
Participants included in the analysis met the criteria of providing complete information
on age and gender, in addition to undergoing accurate height and weight measurements.
Among these, 1775 were retrieved, resulting in a questionnaire recovery rate of 98.6%.
In total, 1764 questionnaires were deemed valid, yielding a questionnaire efficiency rate
of 99.4%.

Inclusion criteria for the study encompassed individuals who were between 65 and
80 years old, retired from employment, residing within a single community for at least two
years, and functionally independent. Individuals unable to consume food normally and
those with cognitive impairment were excluded from the study.

2.3. Sample
2.3.1. Sampling Method

We utilized a multistage stratified random sampling approach. Initially, the survey
targeted three districts: Haidian, Shunyi, and Miyun. These districts were selected to repre-
sent varying economic statuses and geographical locations within Beijing. Haidian District,
positioned in close proximity to Beijing’s city center, exhibited the highest level of economic
development, succeeded by Shunyi District and, finally, Miyun District. Subsequently,
in each district, one urban street and one suburban street were chosen. Following this,
two communities within each selected street were identified for study inclusion. Finally, a
random selection of older adults residing in each of the chosen communities participated
in the survey.

2.3.2. Sample Size Calculation

For sample size calculation, we utilized the obesity rate among older adults in
China from previous studies [20,21]. The sample size was determined using the formula
N = Z1−α/2

2 p(1 − p)/e2, where we set α = 0.05, Z1−α/2 = 1.96, and e = 0.03. The parameter
p denotes the estimated obesity rate among the elderly population in China, which is 0.15.

Considering that we investigated three districts and accounting for a 10% anticipated
dropout rate, the determined final sample size for validity was 1800 elderly participants.

2.4. Ethical Review

The study protocol underwent a thorough review and received approval from the
Peking University Biomedical Ethics Committee (approval code: IRB00001052-17112).
Adherence to the principles outlined in the Declaration of Helsinki was ensured throughout
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the study. Prior to their participation, all participants were furnished with an informed
consent form, and their voluntary commitment to engage in the study was obtained through
the act of signing the document. Subsequently, the researchers securely retained the written
informed consent from each participant.

2.5. Measurements
2.5.1. Participants’ Basic Information

Participant information was gathered via questionnaires, encompassing fundamental
details including address; gender; age; educational level; marital status; income; living
conditions; occupation; and habits related to exercise, smoking, and drinking. Please refer
to Supplementary S1 for the specific content of the questionnaire. The questionnaire was
completed individually, with the investigator and each participant filling it out in person.

The economic status of the community was determined based on the address partici-
pants filled out in the questionnaire and by querying the Beijing Statistical Zoning Code
and Urban Rural Classification Code (2018 Edition) [22]. In this document, all communities
in Beijing are coded. The code 111 represents urban areas, 112 represents suburban areas,
and 200 represents rural areas. In this study, all communities originated from urban and
suburban areas.

2.5.2. Home Food Availability

The questionnaire employed to assess home food availability was derived from a
previously published tool [23] and modified based on the results of expert consultation.
In this study, a list of eight food items was provided and categorized into two groups
based on their nutritional value and caloric density [19]. Among these, four are low-
energy/high-nutrient-density foods, which are recommended for sufficient intake in the
Dietary Guidelines for Chinese Residents, namely fresh fruits, fresh vegetables, dairy
products, and coarse grains; while the other four are high-energy/low-nutrient-density
foods, which should be consumed less or avoided, namely salted snacks, sugary beverages,
preserved foods, and fried foods. See Table 1 for details of each food item.

Table 1. Food items used to asses home food availability.

Food Item Concept and Examples

Fresh fruits Natural, fresh, unprocessed fruits, such as apples, bananas, strawberries,
watermelons, oranges, etc.

Fresh vegetables Natural, fresh, unprocessed vegetables, such as leafy vegetables, fresh beans,
rhizomes, melons, eggplant fruits, bacteria, algae, etc.

Dairy products A variety of dairy products, such as fresh milk, cheese, yogurt, butter, cream, etc.

Coarse grains Whole grains or cereals that have not been refined, including brown rice, quinoa,
barley, oats, millet, buckwheat, etc.

Salted snacks
A category of foods that are typically savory in taste and contain added salt or
salt-based flavorings, including potato chips, pretzels, popcorn, crackers, meat
snacks like beef jerky, etc.

Sugary beverages Drinks sweetened with various forms of sugar or sweeteners, including sodas,
fruit juices, energy drinks, sweetened teas, flavored coffees, etc.

Preserved foods Foods typically made by preservation with sugar or salt, including pickled
vegetables, salted fish, salted eggs, salted meat, etc.

Fried foods Various foods that are cooked by being submerged in hot oil or fat, such as French
fries, fried chicken, tempura, onion rings, etc.

To evaluate home food availability, participants were asked, “How frequently are the
following food items available in your home?” Participants provided responses using a five-
point scale, selecting from options including “always”, “most of the time”, “sometimes”,
“occasionally”, or “never”. These response frequencies were further categorized into two
groups: “high availability”, encompassing “always” and “most of the time”, and “low
availability”, including “sometimes”, “occasionally”, and “never” [23].
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2.5.3. Food Intake Information

The participants’ food intake information was collected through a questionnaire. This
questionnaire has been applied in many previous studies and proven effective [24–26]. In
the questionnaire, the participants were asked to answer the following question: “Have
you eaten this kind of food in the past three days?”. The food classification was based on
the balanced diet pagoda of Chinese residents: cereals, vegetables, fruits, animal meat,
fish and shrimp, eggs, milk and dairy products, beans and soy products, and oil and fat.
Foods outside these 9 categories, such as carbonated beverages, alcoholic beverages, coffee,
candy, etc., were not included in the survey. We only investigated whether the participants
had eaten these foods and did not consider the frequency and amount of food intake. The
answer options were classified as “yes” or “no”. For the 9 types of food we investigated,
if the answer was “yes”, 1 point was assigned; if the answer was “no”, 0 points were
assigned. The scores of the 9 food categories were summed to obtain the total DDS score.
The minimum score was 0, and the maximum score was 9.

2.5.4. Home Socioeconomic Status (SES)

In this study, we adopted the Programme for International Student Assessment (PISA,
2009) as a reference and integrated methods outlined in the published literature [27–29] to
compute the SES of older individuals within their home environments. The specific steps
are described as follows.

The initial step involved gathering data on the educational level, occupation, and
income level of the elderly via a questionnaire survey. Subsequently, values were assigned
to these data points. Educational level was graded in accordance with the criteria used
by PISA, with, for instance, 6 points assigned to primary school and 9 points for junior
high school. To determine occupation, we considered that the occupational classification
within the International Socio Economic Status Occupational Classification Index (ISEI), as
used by PISA, was not applicable to China. Consequently, we employed the occupational
reputation index developed by Chinese scholar Li Chunling. This index encompasses a total
of 161 occupations, each assigned a score ranging from 10.4 to 90 points [30]. Household
per capita income in RMB was categorized into discrete points, with “below RMB 2000”
earning 2 points, “RMB 2000~3499” earning 3.5 points, “RMB 3500~4999” earning 5 points,
“5000~6499” earning 6.5 points, “6500~9999” earning 10 points, and “over RMB 10,000”
earning 12 points.

The second step was to address missing values within the three variables. The follow-
ing principle was used to handle missing data: if two or more variable values were missing
within a sample, that sample was classified as missing data. In cases where only one
variable value was missing, we utilized the available values of the remaining two variables
to conduct regression estimation for the missing variable and subsequently replaced the
missing value.

The third step involved calculating the SES score. After transforming the three men-
tioned variables into standardized scores, we utilized principal component analysis to
calculate the SES through the application of the following formula: SES = (β1 × Z Edu-
cational level + β2 × Z Occupation + β3 × Z Income level)/εƒ. In this equation, β1, β2,
and β3 represent factor loads, while εƒ denotes the characteristic root of the first factor.
Participants’ total scores spanned from −2.89 to 2.98. Higher SES scores reflect a higher
objective socioeconomic status of participants’ families.

In this study, home SES was categorized into three groups based on SES scores: low,
medium, and high.
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2.5.5. Physical Measurement

The investigators received prior training. They conducted height and weight measure-
ments using standardized procedures and uniform instruments (RGZ-160; Suheng, Jiangsu,
China). Each participant was measured twice. Heights were recorded to the nearest 0.1 cm,
and weights were recorded to the nearest 0.1 kg.

For height measurement [31], participants assumed a barefoot, erect posture on the
altimeter’s floor, ensuring contact of their heel, sacrum, and shoulder blades with the
altimeter’s base. With the head held upright and eyes looking straight ahead, the upper
edge of the tragus and the lower edge of the orbit were aligned horizontally.

For weight measurement [31], participants wore as little clothing as possible and
assumed a natural stance at the center of the scale. Data were read once participants
achieved a stable stance.

2.6. Variables
2.6.1. Body Mass Index

After determining the mean height and weight, the BMI was calculated and expressed
in kg/m2 to describe the characteristics of the sample. According to The Dietary Guidelines
for Chinese Residents (2022) [32], we defined a BMI below 20.0 as underweight, the range
from 20.0 to 26.9 as normal weight, and a BMI above 27.0 as overweight or obese.

2.6.2. Home Food Environment Variables

Living conditions were grouped into “living alone” and “not living alone”. Socioe-
conomic status (SES) was classified into three categories: “high”, “medium”, and “low”.
Family food availability encompassed a total of eight food items, each classified as binary,
indicating “high availability” or “low availability”.

2.6.3. Confounders

Confounding variables in our study were identified through a comprehensive liter-
ature review and expert discussions. These included individual-level sociodemographic
characteristics, such as age, gender, and marital status. Additional behavioral factors were
also considered, such as exercise frequency, smoking and drinking habits, dietary diversity
score (DDS), and the economic status of the communities.

2.7. Statistical Methods

SPSS Statistics 20.0 (IBM Corp., Armonk, NY, USA) was used for statistical analyses.
Descriptive statistics were employed to examine participant and home food environment
characteristics. Measurement data are reported as mean and standard deviation, whereas
enumeration data are represented in terms of frequency and percentage.

We conducted a univariate analysis of BMI to compare the BMI of older adults with
different characteristics. We also used multiple linear regression analysis to investigate
the correlation between each home food environment variable and BMI. Model 1 included
solely the home food environment variables, while Model 2 incorporated confounders
including demographic characteristics, neighborhood socioeconomic level, and behavioral
factors. A significance level of p < 0.05 was considered statistically significant.

3. Results
3.1. Participant Characteristics

This sample was from the same study as our previously published article. As de-
scribed in our previous article, a total of 1800 questionnaires were distributed, of which
1775 were retrieved, resulting in a questionnaire recovery rate of 98.6%. Among these,
1764 questionnaires were deemed valid, corresponding to a questionnaire validity rate of
99.4%. Among the participants (n = 1764), the average age was 69.7 ± 4.32 years old, and
the male-to-female ratio was approximately 1 to 1.4. The mean BMI was 26.3 ± 3.50 kg/m2,
with over 40% of elderly individuals being overweight or obese. Participants were approx-
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imately evenly distributed between urban and suburban areas. Only 17% of the elderly
population reported smoking habits, and 24.7% consumed alcohol once a week or more. For
a more detailed overview of the participants’ basic information, please refer to Table 2 [33].

Table 2. Participant characteristics (n, %) [33].

Item Classification n %

BMI (kg/m2) Underweight: below 20.0 45 2.6
Normal: 20–26.9 950 53.8

Overweight and obese: 27.0 and above 769 43.6
Gender Male 730 41.4

Female 1034 58.6
Age 65–69 983 55.7

70–74 483 27.4
75–79 298 16.9

Marital status Unmarried 3 0.2
Married 1482 84.0

Widowed 260 14.7
Separated or divorced 19 1.1

Educational level
Higher education 190 10.8

Secondary education 1 923 52.3
≤Primary education 651 36.9

Income level (RMB) 2

≤2000 409 23.2
2000–3500 652 37.0
3500–5000 376 21.3

5000–10,000 223 12.6
≥10,000 24 1.4
Missing 80 4.5

Neighborhood socioeconomic
level

Urban 899 51.0
Suburban 865 49.0

Frequency of exercise Never 198 11.2
1–2 times per week 55 3.1
3–4 times per week 83 4.7
5–6 times per week 35 2.0

Every day 1387 78.6
Missing 6 0.3

Smoking No 3 1464 83.0
Yes 300 17.0

Drinking Once a week or more 436 24.7
Less than once a week 1325 75.1

missing 3 0.2
1 Including junior high school, senior high school, and various specialized secondary schools. 2 Per capita monthly
income of households in RMB. 3 “No” indicates never smoking or having quit smoking.

3.2. Home Food Availability

Among the four low-energy/high-nutrient-density foods, the highest to lowest avail-
ability was fresh vegetables (1686, 95.6%), coarse grains (1660, 94.1%), fresh fruits (1594,
90.4%), and dairy products (1475, 83.6%). Among the four high-energy/low-nutrient-
density foods, the availability, ranked from highest to lowest, was preserved foods (915,
51.9%), salted snacks (717, 40.6%), sugary beverages (498, 28.2%), and fried foods (165,
9.4%) (see Figure 1).



Nutrients 2024, 16, 289 8 of 14

Nutrients 2024, 16, x FOR PEER REVIEW 8 of 15 
 

 

1 Including junior high school, senior high school, and various specialized secondary schools. 2 Per 
capita monthly income of households in RMB. 3 “No” indicates never smoking or having quit smok-
ing. 

3.2. Home Food Availability 
Among the four low-energy/high-nutrient-density foods, the highest to lowest avail-

ability was fresh vegetables (1686, 95.6%), coarse grains (1660, 94.1%), fresh fruits (1594, 
90.4%), and dairy products (1475, 83.6%). Among the four high-energy/low-nutrient-den-
sity foods, the availability, ranked from highest to lowest, was preserved foods (915, 
51.9%), salted snacks (717, 40.6%), sugary beverages (498, 28.2%), and fried foods (165, 
9.4%) (see Figure 1). 

 
Figure 1. The proportion of high and low food availability of different food items in the home. 

3.3. Living Conditions 
Among all participants, 7.3% lived alone (see Figure 2). 

 
Figure 2. Proportion of older adults with different living conditions. 

  

Figure 1. The proportion of high and low food availability of different food items in the home.

3.3. Living Conditions

Among all participants, 7.3% lived alone (see Figure 2).

Nutrients 2024, 16, x FOR PEER REVIEW 8 of 15 
 

 

1 Including junior high school, senior high school, and various specialized secondary schools. 2 Per 
capita monthly income of households in RMB. 3 “No” indicates never smoking or having quit smok-
ing. 

3.2. Home Food Availability 
Among the four low-energy/high-nutrient-density foods, the highest to lowest avail-

ability was fresh vegetables (1686, 95.6%), coarse grains (1660, 94.1%), fresh fruits (1594, 
90.4%), and dairy products (1475, 83.6%). Among the four high-energy/low-nutrient-den-
sity foods, the availability, ranked from highest to lowest, was preserved foods (915, 
51.9%), salted snacks (717, 40.6%), sugary beverages (498, 28.2%), and fried foods (165, 
9.4%) (see Figure 1). 

 
Figure 1. The proportion of high and low food availability of different food items in the home. 

3.3. Living Conditions 
Among all participants, 7.3% lived alone (see Figure 2). 

 
Figure 2. Proportion of older adults with different living conditions. 

  

Figure 2. Proportion of older adults with different living conditions.

3.4. Univariate Analysis of BMI

The results of univariate analysis of BMI are presented in Table 3. The BMI of older
adults varied with SES. Subsequent pairwise comparisons revealed that elderly individuals
with high SES had lower BMI compared to those with medium to low SES (25.9 vs. 26.5,
25.9 vs. 26.4, p < 0.05). Older adults living alone exhibited higher BMI values compared
to those not living alone (27.2 vs. 26.2, p = 0.001). No significant differences in BMI were
observed among elderly individuals with either high or low availability of various foods in
their homes (p > 0.05).
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Table 3. Univariate analysis of BMI.

Variables Group n BMI t/F p

SES High 588 25.9 ± 3.4 5.403 0.005
Medium 588 26.5 ± 3.5
Low 588 26.4 ± 3.6

Living condition Living alone 128 27.2 ± 3.8 −3.237 0.001
Not living alone 1636 26.2 ± 3.5

Availability of fresh fruits High 1594 26.3 ± 3.5 −1.738 0.082
Low 170 25.8 ± 3.6

Availability of fresh vegetables High 1686 26.2 ± 3.5 1.392 0.164
Low 78 26.8 ± 3.7

Availability of dairy products High 1475 26.2 ± 3.5 1.019 0.308
Low 289 26.5 ± 3.4

Availability of coarse grains High 1660 26.3 ± 3.5 −0.960 0.337
Low 104 26.0 ± 3.3

Availability of salted snacks High 717 26.2 ± 3.5 1.080 0.280
Low 1047 26.4 ± 3.5

Availability of sugary beverages High 498 26.2 ± 3.5 0.446 0.656
Low 1266 26.3 ± 3.5

Availability of preserved foods High 915 26.4 ± 3.4 −1.772 0.076
Low 849 26.1 ± 3.6

Availability of fried foods High 165 26.5 ± 3.7 −0.783 0.433
Low 1599 26.2 ± 3.5

3.5. Association between Home Food Environment and BMI

After adjusting for potential confounding factors, our analysis revealed several note-
worthy correlations. Specifically, we observed a negative correlation between family SES
and BMI. Older adults with higher SES had a reduced BMI of 0.356 kg/m2 (p = 0.001)
when compared to those with lower SES. Furthermore, living condition emerged as a key
contributor, as older adults living alone experienced an elevation in BMI of 1.155 kg/m2

(p < 0.001) compared to their counterparts who did not live alone. Additionally, we found
that the availability of preserved foods was positively associated with BMI, indicating that
older adults with higher availability of preserved foods experienced an increase in BMI of
0.442 kg/m2 (p = 0.008) (see Table 4 for more details).

Table 4. Association between home food environment and BMI.

Variable
Model 1 1 Model 2 2

β SE p β SE p

SES −0.280 0.104 0.007 −0.356 0.108 0.001
Living condition 1.053 0.321 0.001 1.155 0.319 <0.001

Fresh fruits 0.865 0.297 0.004 -
Fresh vegetables −0.902 0.417 0.031 -
Dairy products - -
Coarse grains - -
Salted snacks - -

Sugary beverages - -
Preserved foods - 0.442 0.166 0.008

Fried foods - -

Note. SE: standard error. 1 Model 1 represents the unadjusted model, including solely the home food environment
variables. 2 Model 2 is adjusted for age, exercise frequency, smoking habits, and neighborhood socioeconomic
level. Covariates are not displayed in the table for conciseness.

4. Discussion

The home serves as the paramount food environment, as the majority of food storage,
preparation, and consumption occurs within its confines. Our findings indicate that diverse
factors of the home food environment might be linked to BMI among elderly individuals.
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According to our results, higher availability of preserved foods within the home was
associated with a higher BMI among older adults. In many regions of China, preserved
foods constitute an integral part of family diets, including items like preserved vegetables,
preserved meat, and preserved fish. Existing research evidence has suggested that frequent
consumption of preserved foods may be linked to various health issues, such as overweight,
obesity, hypertension, fatty liver, primary liver cancer, and upper gastrointestinal cancer [34–36].
A study involving civil servants aged 30 to 50 also identified frequent consumption of
preserved foods as a risk factor for overweight and obesity, while regular intake of fresh
vegetables was found to be a protective factor against these conditions [37]. Preserved
foods are typically characterized by their high salt content, and older adults may also
consume more grains when partaking in such foods, potentially leading to excessive energy
intake and an increase in BMI. Consequently, it is advisable to reduce the availability of
preserved foods in the home, placing a stronger emphasis on consuming fresh vegetables,
meat, and other fresh food items. However, it is worth noting that in this study, preserved
foods were not further categorized into subtypes like preserved meat, preserved vegetables,
or other preserved foods. Further research is warranted to determine which specific types
of preserved foods have a significant impact on BMI.

In this study, a high SES within the household was found to be associated with lower
BMI among the elderly. This finding aligns with previous research conducted in developed
countries [16] but contrasts with results observed in low-income countries [17]. It is
noteworthy that this investigation was conducted in Beijing, the capital of China, which is
known for its elevated economic status. To establish a more comprehensive understanding,
future research should encompass diverse regions within China. Interestingly, this outcome
contradicts prior findings in Chinese children [18], highlighting the potential variability
in the influence of SES on BMI across different population groups. This underscores the
need for more targeted research specifically focusing on the elderly to better elucidate
these dynamics.

Our study revealed that living alone is a contributing factor to increased BMI in older
adults—a finding consistent with prior research. In a study involving older Japanese
adults, the adjusted prevalence ratios for obesity (BMI ≥ 30.0 kg/m2) indicated that
men who exclusively dined alone had a ratio of 1.34 (1.01–1.78) if they lived alone and
1.17 (0.84–1.64) if they lived with others [38]. Additionally, a retrospective cohort study
conducted among university students identified living alone as a significant predictor
of weight gain and overweight/obesity [39]. Moreover, research involving children and
adolescents revealed that those participating in family meals at a frequency of at least
three times per week had an increased likelihood of maintaining a normal weight, with
a corresponding 12% decrease in the odds of overweight [40]. Individuals living alone
face fewer opportunities to dine with others. While intervening in older adults’ living
conditions can be challenging, encouraging communal eating rather than solitary dining is
a feasible behavioral intervention. Community kitchen tables and food delivery services
at the community level can serve as potential solutions. The Chinese government has
made commendable efforts to date to establish such facilities and services. However,
there remain shortcomings, including limited service variety, suboptimal service quality,
constraints in terms of site scale, and suboptimal site layouts [41–43]. It should be noted
that in this study, the sample size for individuals living alone was relatively small (7.30%),
which may have introduced a certain degree of bias. Moreover, the small sample size
may have affected the representativeness and generalizability of the results. Specifically,
for the population living alone, this limitation in terms of sample size could have led to
an overestimation or underestimation of the impact on BMI. Therefore, future research
should include a larger number of individuals living alone to validate our findings and to
more accurately investigate the relationship between living alone and BMI. Additionally,
given the potential bias introduced by the small sample size, we should exercise caution in
drawing conclusions.
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Our study contributes valuable insights to the growing body of evidence regarding
the possible impact of the home food environment among Chinese older adults. Although
our study found that SES and the availability of preserved foods have only a slight impact
on BMI, these findings are still meaningful. First, research has shown that even minor
weight loss, particularly for individuals who are overweight or obese, can reduce the risk
of chronic diseases such as cardiovascular disease and diabetes [44,45]. Second, the current
results provide an indication of potential trends, laying a foundation for future health
education and intervention measures. This research highlights specific target groups for
future health education and interventions, notably individuals living alone and those with
lower SES. Enhancing food availability within the homes of the elderly, with a particular
emphasis on addressing the presence of preserved foods, should be a priority. Achievement
of this goal can be facilitated through educational efforts targeting not only the elderly
themselves but also their families and peers; the government can play a pivotal role in
addressing this issue by implementing a range of measures. These measures may include
improving community kitchen facilities and delivery services; reducing the prices of foods
characterized by low energy and high nutrient density, such as fresh vegetables and fruits
and dairy products; and providing food vouchers for older adults, among other strategies.
The combined implementation of these measures can enhance the home food environment
for the elderly, ultimately contributing to better health outcomes in this demographic.
Additionally, this study offers directions for future research. Future studies should use
standardized research tools and methods to examine the home food environment, delving
deeper into the differences in food environments across different countries and their impact
on BMI and associated health risks.

Our study boasts several notable strengths across various aspects, including innova-
tion, variable measurements, sampling method, and statistical analysis [46]. (1) Insofar
as we know, this is a pioneering exploration investigating the correlation between the
home food environment and BMI among elderly individuals within the Chinese context.
Our research not only contributes empirical evidence on this association but also lays a
scientific foundation for policymakers in China. (2) Within the scope of this research, we
comprehensively considered various dimensions of the home food environment, encom-
passing physical, economic, and social aspects. (3) In our study, we employed standardized
procedures to measure participants’ height and weight directly, enhancing the accuracy
of BMI calculations compared to relying on self-reported data. (4) We imposed no restric-
tions on participants with existing health conditions or obesity, mitigating the potential
for selection bias in our sample. (5) Employing a multistage stratified random sampling
method, our study effectively addressed neighborhood self-selection bias. (6) Our statistical
model includes a wide array of potential confounding factors, encompassing demographic
characteristics such as age, gender, and marital status, as well as neighborhood socioeco-
nomic status and behavioral attributes like drinking, smoking, and exercise frequency. This
comprehensive approach enhances the robustness of our findings.

Several limitations are inherent in our study. To begin with, the geographical scope
was confined solely to the city of Beijing. Therefore, the findings may not be entirely
representative of China as a whole. Despite implementing a multistage stratified random
sampling method that encompassed diverse economic strata and geographic locations
within Beijing, the study predominantly reflects the conditions specific to this city. Given
that Beijing is characterized by a high level of economic development in China, our findings
may not be applicable to the broader Chinese context. Thus, it is essential to replicate our
findings in other regions, especially in cities with varying economic statuses. Secondly,
due to the constrained number of questions in our questionnaire, we included only eight
food items in our assessment. Four types of low-energy/high-nutrient-density foods are
recommended for adequate intake in the Dietary Guidelines for Chinese Residents, while
four types of high-energy/low-nutrient-density foods are advised to be consumed less
or avoided. In this study, we used categories rather than individual foods. Although
this made the food list less detailed, it also ensured that that important foods were not
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missed. Thirdly, in the complex home environment, we included indicators from only three
dimensions: availability of eight food categories, living conditions, and socioeconomic
status (SES). Future research should aim for a more comprehensive assessment by including
additional relevant factors. Moreover, there is a need for the development of authoritative
home food environment questionnaires tailored to different populations. Lastly, like many
studies in this field, our research employed a cross-sectional approach. Therefore, it is
important to emphasize that causal inferences should not be drawn from our findings.

5. Conclusions

Our study suggests that socioeconomic status (SES), living conditions, and the avail-
ability of preserved foods at home may potentially impact the BMI of older adults. However,
the complexity of this relationship necessitates a cautious and detailed approach in any
potential intervention measures or policy recommendations. Further research is advised
to build upon these preliminary findings, guiding effective and contextually appropriate
strategies to support the health of the elderly.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu16020289/s1, Supplementary S1: Questionnaire on basic information
and Home food availability.

Author Contributions: Conceptualization, M.Z. and G.M.; methodology, M.Z. and G.M.; formal
analysis, M.Z. and Y.F.; investigation, M.Z., R.C., Z.L. and N.Z.; resources, Q.W. and G.M.; data
curation, M.Z. and Y.F.; writing—original draft preparation, M.Z.; writing—review and editing, Q.W.
and G.M.; supervision, G.M. and N.Z.; project administration, N.Z. and G.M. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study adhered to the principles outlined in the Declara-
tion of Helsinki and received ethical approval from Peking University Biomedical Ethics Committee
(protocol code: IRB00001052-17112; approval date: 26 February 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available as the authors are currently engaged in
further exploration and analysis of these data, and hence have chosen not to disclose them publicly
at this stage.

Acknowledgments: Our heartfelt thanks go to both the participants and coinvestigators who con-
tributed to the survey. Additionally, we wish to convey our gratitude to the reviewers for their
invaluable comments, which have greatly enhanced the quality of this manuscript.

Conflicts of Interest: The authors have no conflicts of interest to declare.

References
1. National Bureau of Statistics. National Data. Available online: https://data.stats.gov.cn/easyquery.htm?cn=C01 (accessed on 26

September 2023).
2. Chen, X.; Iles, J.; Yao, Y.; Yip, W.; Meng, Q.; Berkman, L.; Chen, H.; Chen, X.; Feng, J.; Feng, Z.; et al. The path to healthy ageing in

China: A Peking University-Lancet Commission. Lancet 2022, 400, 1967–2006. [CrossRef] [PubMed]
3. Asia Pacific Cohort Studies Collaboration. The burden of overweight and obesity in the Asia-Pacific region. Obes. Rev. 2007, 8,

191–196. [CrossRef] [PubMed]
4. Du, S.; Lu, B.; Zhai, F.; Popkin, B.M. A new stage of the nutrition transition in China. Public Health Nutr. 2002, 5, 169–174.

[CrossRef] [PubMed]
5. National Health Commission Disease Prevention and Control Bureau. Report on Nutrition and Chronic Disease Status of Chinese

Residents; People’s Medical Publishing House: Beijing, China, 2020.
6. Swinburn, B.A.; Sacks, G.; Hall, K.D.; McPherson, K.; Finegood, D.T.; Moodie, M.L.; Gortmaker, S.L. The global obesity pandemic:

Shaped by global drivers and local environments. Lancet 2011, 378, 804–814. [CrossRef] [PubMed]
7. Bleich, S.; Cutler, D.; Murray, C.; Adams, A. Why is the developed world obese? Annu. Rev. Public Health 2008, 29, 273–295.

[CrossRef]

https://www.mdpi.com/article/10.3390/nu16020289/s1
https://www.mdpi.com/article/10.3390/nu16020289/s1
https://data.stats.gov.cn/easyquery.htm?cn=C01
https://doi.org/10.1016/S0140-6736(22)01546-X
https://www.ncbi.nlm.nih.gov/pubmed/36423650
https://doi.org/10.1111/j.1467-789X.2006.00292.x
https://www.ncbi.nlm.nih.gov/pubmed/17444961
https://doi.org/10.1079/PHN2001290
https://www.ncbi.nlm.nih.gov/pubmed/12027281
https://doi.org/10.1016/S0140-6736(11)60813-1
https://www.ncbi.nlm.nih.gov/pubmed/21872749
https://doi.org/10.1146/annurev.publhealth.29.020907.090954


Nutrients 2024, 16, 289 13 of 14

8. Story, M.; Kaphingst, K.M.; Robinson-O’Brien, R.; Glanz, K. Creating healthy food and eating environments: Policy and
environmental approaches. Annu. Rev. Public Health 2008, 29, 253–272. [CrossRef] [PubMed]

9. Campbell, K.J.; Crawford, D.A.; Salmon, J.; Carver, A.; Garnett, S.P.; Baur, L.A. Associations between the home food environment
and obesity-promoting eating behaviors in adolescence. Obesity 2007, 15, 719–730. [CrossRef]

10. Rosenkranz, R.R.; Dzewaltowski, D.A. Model of the home food environment pertaining to childhood obesity. Nutr. Rev. 2008, 66,
123–140. [CrossRef]

11. Swinburn, B.; Egger, G.; Raza, F. Dissecting obesogenic environments: The development and application of a framework for
identifying and prioritizing environmental interventions for obesity. Prev. Med. 1999, 29, 563–570. [CrossRef]

12. Kegler, M.C.; Hermstad, A.; Haardorfer, R. Home food environment and associations with weight and diet among U.S. adults: A
cross-sectional study. BMC Public Health 2021, 21, 1032. [CrossRef]

13. Emery, C.F.; Olson, K.L.; Lee, V.S.; Habash, D.L.; Nasar, J.L.; Bodine, A. Home environment and psychosocial predictors of obesity
status among community-residing men and women. Int. J. Obes. 2015, 39, 1401–1407. [CrossRef] [PubMed]

14. Gorin, A.A.; Phelan, S.; Raynor, H.; Wing, R.R. Home food and exercise environments of normal-weight and overweight adults.
Am. J. Health Behav. 2011, 35, 618–626. [CrossRef] [PubMed]

15. Kegler, M.C.; Alcantara, I.; Haardorfer, R.; Gazmararian, J.A.; Ballard, D.; Sabbs, D. The influence of home food environments on
eating behaviors of overweight and obese women. J. Nutr. Educ. Behav. 2014, 46, 188–196. [CrossRef]

16. Newton, S.; Braithwaite, D.; Akinyemiju, T.F. Socio-economic status over the life course and obesity: Systematic review and
meta-analysis. PLoS ONE 2017, 12, e0177151. [CrossRef] [PubMed]

17. Dinsa, G.D.; Goryakin, Y.; Fumagalli, E.; Suhrcke, M. Obesity and socioeconomic status in developing countries: A systematic
review. Obes. Rev. 2012, 13, 1067–1079. [CrossRef]

18. He, W.; James, S.A.; Merli, M.G.; Zheng, H. An increasing socioeconomic gap in childhood overweight and obesity in China. Am.
J. Public Health 2014, 104, e14–e22. [CrossRef]

19. Su, X.; Liu, T.; Li, N.N.; Sun, J.; Cui, J.M.; Zhu, W.L. Development and Assessment of Home Food Environment Measurement
Questionnaire for School-aged Children. Food Nutr. China 2020, 26, 74–79. [CrossRef]

20. Song, M.N.; Cheng, X.; Kong, J.X.; Wang, H.M. Prevalence and influencing factors of overweight and obesity among middle-aged
and elderly people in China. Chin. J. Dis. Control Prev. 2018, 22, 804–808. [CrossRef]

21. Zhang, M.; Jiang, Y.; Li, Y.; Wang, L.; Zhao, W. Prevalence of overweight and obesity among Chinese elderly aged 60 and above in
2010. Zhonghua Liu Xing Bing Xue Za Zhi 2014, 35, 365–369. [CrossRef]

22. Beijing Municipal Bureau of Statistics. Beijing Statistical Zoning Code and Urban Rural Classification Code (2018 Edition).
Available online: https://tjj.beijing.gov.cn/zwgkai/tjbz_31390/xzqhhcxfl_31391/cxfl_31674/202002/t20200214_1631903.html
(accessed on 9 January 2024).

23. Chai, W.; Fan, J.X.; Wen, M. Association of Individual and Neighborhood Factors with Home Food Availability: Evidence from
the National Health and Nutrition Examination Survey. J. Acad. Nutr. Diet 2018, 118, 815–823. [CrossRef]

24. Jin, Y. Study on Associations of Dietary Diversity with Nutrients Adequacy and Nutrition Related Chronic Disease in Chinese Adults;
China Centre for Disease Control and Prevention: Beijing, China, 2009.

25. Hu, Q.Q.; Han, X.X.; Ma, A.G.; Li, X.L. Investigation and analysis of dietary diversity score and health status of middle-aged and
elderly people in rural areas. Food Nutr. China 2009, 12, 58–61.

26. Jin, Y.; Li, Y.P.; Hu, X.Q.; Cui, Z.H.; He, Y.N.; Ma, G.S. Association between dietary diversity and nutrients adequacy in Chinese
adults. Acta Nutr. Sin. 2009, 31, 21–25. [CrossRef]

27. Zhan, S.L. The Influence of Family Socioeconomic Status on Student Academic Performance from Individual and School
Perspectives: Insights from the Programme for International Student Assessment (PISA). J. Shanghai Educ. Res. 2009, 10–13.

28. Chen, Y.H.; Cheng, G.; Guan, Y.S.; Zhang, D.J. The Mediating Effects of Subjective Social Status on the Relations between
Self-Esteem and Socioeconomic Status for College Students. Psychol. Dev. Educ. 2014, 30, 594–600. [CrossRef]

29. Guo, Y.R. Research on Environmental Influencing Factors of Overweight andObesity of Children and Adolescents in China; East China
Normal University: Shanghai, China, 2020.

30. Li, C.L. Stratification of Reputation in Contemporary Chinese Society: Measurement of Occupational Reputation and Socioeco-
nomic Status Index. Sociol. Stud. 2005, 74–102. [CrossRef]

31. General Administration of Sport of China. National Physical Fitness Standard Handbook; Senior Part; People’s Sports Publishing
House of China: Beijing, China, 2003.

32. Chinese Nutrition Society. Dietary Guidelines for Chinese Residents; People’s Medical Publishing House: Beijing, China, 2022.
33. Zhang, M.; Guo, W.; Zhang, N.; He, H.R.; Zhang, Y.; Zhou, M.Z.; Zhang, J.F.; Li, M.X.; Ma, G.S. Association between Neighborhood

Food Environment and Body Mass Index among Older Adults in Beijing, China: A Cross-Sectional Study. Int. J. Environ. Res.
Public Health 2020, 17, 7658. [CrossRef] [PubMed]

34. Tong, G.X.; Gao, X.; Xu, R.Y.; Qin, Y.; Huang, L.; Wang, X.M.; Song, W.J. Relationship between dietary pattern and risk of suffering
from hypertension in physical examinees aged 35 years and above in Haidian District of Beijing. Pract. Prev. Med. 2022, 29,
906–911.

35. Zhang, R.; Li, H.; Li, N.; Shi, J.F.; Li, J.; Chen, H.D.; Ren, J.S.; Chen, W.Q. Nested Case-control Study of Risk Factors for Upper
Gastrointestinal Cancer Based on Population Screening Cohort in Urban Areas of China. China Cancer 2021, 30, 321–327.

https://doi.org/10.1146/annurev.publhealth.29.020907.090926
https://www.ncbi.nlm.nih.gov/pubmed/18031223
https://doi.org/10.1038/oby.2007.553
https://doi.org/10.1111/j.1753-4887.2008.00017.x
https://doi.org/10.1006/pmed.1999.0585
https://doi.org/10.1186/s12889-021-11102-2
https://doi.org/10.1038/ijo.2015.70
https://www.ncbi.nlm.nih.gov/pubmed/25916909
https://doi.org/10.5993/AJHB.35.5.10
https://www.ncbi.nlm.nih.gov/pubmed/22040622
https://doi.org/10.1016/j.jneb.2014.01.001
https://doi.org/10.1371/journal.pone.0177151
https://www.ncbi.nlm.nih.gov/pubmed/28510579
https://doi.org/10.1111/j.1467-789X.2012.01017.x
https://doi.org/10.2105/AJPH.2013.301669
https://doi.org/10.19870/j.cnki.11-3716/ts.2020.06.018
https://doi.org/10.16462/j.cnki.zhjbkz.2018.08.010
https://doi.org/10.3760/cma.j.issn.0254-6450.2014.04.005
https://tjj.beijing.gov.cn/zwgkai/tjbz_31390/xzqhhcxfl_31391/cxfl_31674/202002/t20200214_1631903.html
https://doi.org/10.1016/j.jand.2017.11.009
https://doi.org/10.13325/j.cnki.acta.nutr.sin.2009.01.007
https://doi.org/10.16187/j.cnki.issn1001-4918.2014.06.005
https://doi.org/10.19934/j.cnki.shxyj.2005.02.004
https://doi.org/10.3390/ijerph17207658
https://www.ncbi.nlm.nih.gov/pubmed/33092232


Nutrients 2024, 16, 289 14 of 14

36. Wang, M.X.; Zhang, G.D.; Jiang, H.J.; Liu, X.M.; Peng, Y.H. Meta-analysis of the relationship between intake of pickled food in
Chinese population and primary liver cancer. Clin. Res. Pract. 2020, 5, 1–4. [CrossRef]

37. Li, H. Study on the Health Status and Related Factors of Civil Servant in Changchun District Government; Ji Lin University: Changchun,
China, 2012.

38. Tani, Y.; Kondo, N.; Takagi, D.; Saito, M.; Hikichi, H.; Ojima, T.; Kondo, K. Combined effects of eating alone and living alone on
unhealthy dietary behaviors, obesity and underweight in older Japanese adults: Results of the JAGES. Appetite 2015, 95, 1–8.
[CrossRef]

39. Yamamoto, R.; Shinzawa, M.; Yoshimura, R.; Taneike, M.; Nakanishi, K.; Nishida, M.; Yamauchi-Takihara, K.; Kudo, T.; Moriyama,
T. Living alone and prediction of weight gain and overweight/obesity in university students: A retrospective cohort study. J. Am.
Coll. Health 2023, 71, 1417–1426. [CrossRef] [PubMed]

40. Hammons, A.J.; Fiese, B.H. Is frequency of shared family meals related to the nutritional health of children and adolescents?
Pediatrics 2011, 127, e1565–e1574. [CrossRef] [PubMed]

41. Sun, Y.S. Research on Beijing Community Old Age Table Service Demand; Capital University of Economics and Business: Beijing,
China, 2017.

42. Hou, J. Research on Supply and Demand Deviation and Optimization Strategy of Catering Service for the Elderly in Xi’an Urban Community
from the Perspective of Holistic Governance—Take District X as An Example; Northwest University: Xi’an, China, 2022.

43. Yu, S.W. The Research on Service Improvement Planning of Community Canteens for the Elderly in Changsha from the Perspective of Urban
Catalyst; Hunan University: Changsha, China, 2022.

44. Wing, R.R.; Lang, W.; Wadden, T.A.; Safford, M.; Knowler, W.C.; Bertoni, A.G.; Hill, J.O.; Brancati, F.L.; Peters, A.; Wagenknecht,
L.; et al. Benefits of modest weight loss in improving cardiovascular risk factors in overweight and obese individuals with type 2
diabetes. Diabetes Care 2011, 34, 1481–1486. [CrossRef] [PubMed]

45. Klein, S.; Burke, L.E.; Bray, G.A.; Blair, S.; Allison, D.B.; Pi-Sunyer, X.; Hong, Y.; Eckel, R.H.; American Heart Association Council
on Nutrition; Physical Activity. Clinical implications of obesity with specific focus on cardiovascular disease: A statement for
professionals from the American Heart Association Council on Nutrition, Physical Activity, and Metabolism: Endorsed by the
American College of Cardiology Foundation. Circulation 2004, 110, 2952–2967. [CrossRef]

46. Cobb, L.K.; Appel, L.J.; Franco, M.; Jones-Smith, J.C.; Nur, A.; Anderson, C.A. The relationship of the local food environment with
obesity: A systematic review of methods, study quality, and results. Obesity 2015, 23, 1331–1344. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.19347/j.cnki.2096-1413.202021001
https://doi.org/10.1016/j.appet.2015.06.005
https://doi.org/10.1080/07448481.2021.1927052
https://www.ncbi.nlm.nih.gov/pubmed/34586035
https://doi.org/10.1542/peds.2010-1440
https://www.ncbi.nlm.nih.gov/pubmed/21536618
https://doi.org/10.2337/dc10-2415
https://www.ncbi.nlm.nih.gov/pubmed/21593294
https://doi.org/10.1161/01.CIR.0000145546.97738.1E
https://doi.org/10.1002/oby.21118

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Sample 
	Sampling Method 
	Sample Size Calculation 

	Ethical Review 
	Measurements 
	Participants’ Basic Information 
	Home Food Availability 
	Food Intake Information 
	Home Socioeconomic Status (SES) 
	Physical Measurement 

	Variables 
	Body Mass Index 
	Home Food Environment Variables 
	Confounders 

	Statistical Methods 

	Results 
	Participant Characteristics 
	Home Food Availability 
	Living Conditions 
	Univariate Analysis of BMI 
	Association between Home Food Environment and BMI 

	Discussion 
	Conclusions 
	References

