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Abstract

:

This study aimed to identify food environment factors in the local community that could affect the levels of nutritional status and frailty in 372 older adults (at least 65 years old) experiencing food insecurity and enrolled in the integrated Community Health Promotion Program (CHPP) in two districts of Seoul. The local food environment was assessed using perceived food store accessibility questionnaires. In order to quantify nutrient intake, the 24-h recall method was applied. Malnutrition was measured using the Mini Nutritional Assessment tool, while frailty was assessed using the Frailty Measurement Questionnaire developed for the CHPP. Malnourished or frail elderly adults commonly had a lower intake of cereals and potatoes, meats, and vegetables than those who were not, and their resulting intake levels of energy, protein, iron, and vitamin groups were also significantly lower (all p-values < 0.05). Among the local community food store environment factors, the sufficiency of food stores (odds ratio (OR) = 1.988, 95% confidence interval (CI] = 1.211–3.262), freshness of foods (OR = 1.767, 95% CI = 1.075–2.886), and variety in foods (OR = 1.961, 95% CI = 1.197–3.212) were significant factors affecting the risk of malnutrition. For frailty, the freshness of foods (OR = 1.997, 95% CI = 1.053–3.788), variety in foods (OR = 2.440, 95% CI = 1.277–4.661), and small purchase of foods (OR = 2.645, 95% CI = 1.362–5.139) were significant environmental factors. In conclusion, we found that the perceived food store environment in the local community can influence the occurrence of malnutrition and frailty in vulnerable, urban older adults.
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1. Introduction


The elderly population (i.e., aged 65 or older) in the Republic of Korea accounted for 14.9% of the total population in 2019, showing a rapid increase from 7% in 2000. The pace of elderly population growth is the fastest among OECD countries [1]. Healthy aging requires the maintenance of physical, mental, and social capabilities and functions, thus enabling well-being in older age [2].



A clinically recognizable state of increased vulnerability resulting from ageing can be defined as frailty, which has been operationally defined as a syndrome characterized by weight loss, decreased grip strength, severe fatigue, slow walking speed, and a low level of activity [3,4]. In a 2018 survey conducted in a metropolitan city in the Republic of Korea, 34.6% of the elderly population was found to be frail [5]. Although limited to direct comparisons across studies due to differences in measurement methods, a systematic review reported the overall frailty prevalence as 10.7% [6]. Compared to similar East Asian countries, it is higher than 8–15% in China [7] and higher than 7.4% in Japan [8].



The most prominent characteristic of frailty is muscle loss [9] and, when accompanied by weight loss, improving or reversing frailty and body functions becomes very difficult. Muscle loss and weight loss have shown a close correlation with malnutrition [10], which may occur due to the decrease in quantity and quality of food consumed with age, deterioration in gustation, decreased ability to masticate by loss of dental function, gastrointestinal disorders, decreased digestive and absorption functions [11,12], and tedious food supply and eating habits following the loss of ability for social activities [13].



Another predisposing factor affecting health and malnutrition in the elderly is food insecurity: a state of being without reliable availability to a sufficient quantity of adequate food [14]. According to the results of the Korea National Health and Nutrition Examination Survey (KNHANES), 14.3% of the elderly experience food insecurity, with this proportion being 72.4% in the elderly belonging to the low-income population [15]. The food environment refers to the physical, economic, political, and socio-cultural environment affecting the food choices and nutritional status of individuals [16]. The local food environment has been emphasized as a factor that could influence the adequacy of food intake, food insecurity, and health status [17,18,19,20]. Previous studies have shown that the factors affecting food insecurity in the elderly are their area of residence, social isolation, low economic level, housing cost, family composition or living alone, oral health status, disability, chronic comorbidity with medication, frequency of food purchase, and difficulty in preparing food [14,15,21,22]. Recently, geographic access to grocery stores in local communities has been reported as a food environment factor affecting the food insecurity of vulnerable elderly people in the rural areas of South Korea [23,24]. The results of a domestic study on the elderly in low-income families in urban areas identified the availability of food stores around the house, physical accessibility, the reasonableness of food prices, acceptability, and convenience as factors affecting food choices [25].



Considering the effects of the food environment on healthy food choices and food insecurity, understanding the local food environment factors affecting malnutrition and frailty in the elderly is crucial for the development of community nutrition services and intervention strategies. Thus, this study aims to identify local food environment factors that may affect the levels of malnutrition and frailty in the urban elderly population from low-income families experiencing food insecurity.




2. Materials and Methods


2.1. Study Participants and Setting


The study was conducted from July to August 2018, and involved 372 subjects enrolled in the integrated Community Health Promotion Program (CHPP) in 2 districts of Seoul (Geumcheon-gu, Gangbuk-gu) and who were supposed to participate in the supplemental food assistance program, Seoul city’s newly launched program in September 2018. The CHPP provides integrated health management services to people aged 65 or older who have hypertension or diabetes, among national basic livelihood act recipients, based on nurse home visits. This service aims to administer continuous health and risk factor management, and to introduce customized local resources (e.g., community health centers, dementia support centers, mental health promotion centers, and so on). The elderly population in the 2 districts was approximately 92,000, while the CHPP was provided to approximately 13,300 older adults in the 2 districts, accounting for a coverage rate of 14.5%. Of the CHPP participants, the number of older adults who regularly visited for disease management was approximately 5600 (42.1%). Among them, the supplementary food assistance program was provided to 407 people with food insecurity, who were referred by visiting nurses of CHPP and voluntarily participated in the program. The standard for the visiting nurse’s referral was based on the guidelines of the CHPP [26], which judges whether food insecure elderly people are subject to previous national nutrition support projects. The study subjects finally amounted to 372 subjects, after eliminating those with missing variables. We obtained prior approval from the Institutional Review Board of Dankook University for all the procedures performed in this study before written consent regarding voluntary participation was obtained from the subjects (IRB no.: DKU 2018-06-001-002).




2.2. General Characteristics and Food and Nutrient Intake Assessment


Trained interviewers conducted face-to-face interviews based on home visits. Sex, date of birth, whether they lived alone or not, income category, the presence of three or more chronic diseases, the presence of a physical disability, cooking ability, and level of social activities were investigated.



The food intakes of subjects were measured using a 24-h recall method for the quantity of food consumed during a day. The nutrient intake was calculated using the CAN-PRO 5.0 software (Computer Aided Nutritional Analysis Program developed by the Korean Nutrition Society for comparison with RDA for Koreans) for experts, and total energy, protein, vitamin A, vitamin C, vitamin B1, vitamin B2, niacin, calcium, iron, and sodium were calculated [27]. The quantity of intake for each food group was calculated for the following categories: cereal and potatoes, legumes, meats, eggs, fish and shellfish, vegetables, fruit, milk and dairy products, and protein sources (beans, meats, eggs, fish, and shellfish). In order to evaluate the adequacy of nutrient intakes, the following Dietary Reference Intake (DRI) values for Koreans [27] were used: Estimated Energy Requirement (EER) for total energy intake, Reference Nutrients Intake (RNI) for protein, vitamin A, vitamin C, vitamin B1, vitamin B2, niacin, calcium, and iron, and Dietary Goal (DG) for sodium.




2.3. Measurement of Malnutrition and Frailty


Malnutrition was measured using the Mini Nutritional Assessment Tool, wherein a good nutritional state is represented by a score of 24 or higher, at risk of malnutrition by a score from 17 to 23.5, and malnutrition by a score of 17 or lower [28]. Frailty was assessed using the Frailty Measurement Questionnaire developed for the CHPP [26]. Scores classified the subjects into healthy (0 to 3 points), pre-frailty (4 to 12 points), and frailty (13 points or higher) groups.




2.4. Food Store Accessibility Environment in a Local Community


For assessment of the food environment in residential areas, a perceived food store accessibility questionnaire was developed, based on the Five A’s of food access [17,29]: Availability, affordability, accessibility, accommodation, and acceptability. The questionnaire was further revised using the results of a qualitative study which derived food environment questions applicable to the domestic, urban elderly population [25].



The developed questionnaire consisted of 6 items regarding the quantitative sufficiency of food stores around the house (1 item on availability), reasonableness of the cost of food sold at the food stores (1 item on affordability), delivery service availability at the food store, as well as convenience of small purchases (2 items on accommodation), variety of food sold at local food stores, and freshness (2 items on acceptability). The questions were answered on a 5-point Likert scale, consisting of Strongly agree (5 points), Agree (4 points), Neither agree nor disagree (3 points), Disagree (2 points), and Strongly disagree (1 point). A four-point or higher answer was categorized into “Positive food environment”, otherwise it was categorized into “Negative food environment” (3 points or lower). The number of positive responses for the 6 items was used as a summary measurement for the local community food store environment.




2.5. Statistical Analysis


The demographic, socioeconomic, physical, and social characteristics, food and nutrient intakes, and food store accessibility were summarized and compared in terms of malnutrition and frailty. The results of categorical variables are presented as frequencies (N) and percentages (%), while the results of continuous variables are presented as means and standard errors. A Chi-square test and independent t-test were performed for the univariable analysis, in order to compare the distribution of covariates and food store accessibility according to malnutrition and frailty. Multiple logistic regression analysis was conducted to determine whether food store accessibility in the local community influenced malnutrition and frailty, even after adjusting for other confounding variables. All the statistical analyses were conducted using the IBM SPSS Statistics 23.0 software (IBM SPSS INC, Armonk, NY, USA) and were tested at an alpha error level of 0.05.





3. Results


3.1. Distribution and Characteristics of Malnutrition and Frailty


Table 1 shows the demographic, socioeconomic, physical, and social characteristics affecting the malnutrition and frailty of the subjects. Of the subjects, 30.4% were men and 58.3% were 75 years old or older. Approximately 45.2% of the subjects had three or more chronic diseases, while 88% had no difficulty in moving. Approximately 25% of the subjects answered that they could not cook, and half responded that they did not engage in social activities.



In the entire study population, 32.8% were malnourished and 67.2% were at high risk of malnutrition, with none of the subjects being in a good nutritional state. Malnutrition was higher in women than in men, and a significantly higher percentage of those aged 75 or older were malnourished.



Frailty was observed in 14.5% of all subjects, with women showing a higher percentage than men and those aged 75 or older showing a higher percentage than those under 75 years of age. Differences in the level of frailty were not found for sex, and were only observed for age (p = 0.012). Subjects who had restricted mobility had a significantly higher percentage of malnutrition rather than risk of malnutrition, and a significantly higher percentage of them showed frailty rather than pre-frailty (p < 0.001). The subjects who could not cook showed a significantly higher percentage of malnutrition than risk of malnutrition (p = 0.008). There was no significant relationship between malnutrition or frailty based on living alone, household income category, number of chronic diseases, social activity, and participation in the national food support program.




3.2. Food and Nutrient Intake According to Malnutrition and Frailty


Table 2 shows the distribution of the food and nutrient intake, according to malnutrition and frailty. Except for iron and sodium, the intake levels of energy and nutrients did not meet the EER and RNI for all participants.



The food sources that showed significant differences between the levels of malnutrition were cereals and potatoes (p < 0.001), meats (p = 0.006), and vegetables (p < 0.001), with malnourished subjects having a lower intake of these food groups than those at risk of malnutrition. The percentage of DRI for nutrient intakes that showed significant differences among malnutrition levels were energy (p < 0.001), proteins (p < 0.001), vitamin B1 (p < 0.001), niacin (p < 0.001), iron (p < 0.001), and sodium (p = 0.002), with malnourished subjects consuming less of these than those at risk of malnutrition.



Food groups that showed a difference in intake, depending on the level of frailty, were cereals and potatoes (p = 0.018), legumes (p = 0.045), meats (p = 0.039), fish and shellfish (p = 0.042), and vegetables (p = 0.031), with a lower intake for subjects in the frailty group than those in the pre-frailty group. In terms of the percentage of DRI for nutrient intake, the pre-frailty group showed a higher percentage of energy (p < 0.001), proteins (p < 0.001), vitamin B1 (p = 0.027), niacin (p < 0.001), and iron (p = 0.008) than the frailty group.




3.3. Food Store Accessibility According to Malnutrition and Frailty


Table 3 shows the distribution of the food store accessibility perception according to malnutrition and frailty. Among food store accessibility items, a higher proportion of subjects who had a negative perception on the sufficiency of local food stores (p < 0.001), freshness of foods (p = 0.002), variety in foods (p = 0.002), and small purchase of foods (p = 0.005) were malnourished, compared to those at risk of malnutrition, than those who had a positive perception of the above. The sum of food store accessibility items was significantly lower in the malnourished subjects than that of those who were at risk of malnutrition.



A negative perception of the sufficiency of food stores (p = 0.009), freshness of foods (p = 0.003), variety in foods (p = 0.001), and small purchase of foods (p < 0.001) showed a correlation with a higher percentage of frailty.




3.4. Food and Nutrient Intake across Food Store Accessibility


The local community food store environment factors that showed relationships with the food and nutrient intakes of participants were the sufficiency of food stores, freshness of foods, and variety in foods (Table 4). Subjects who perceived that there were sufficient food stores had a higher intake of meats than those who did not, subjects who perceived that the food sold at food stores was fresh had a significantly higher intake of vegetables and fruits than those who did not, and subjects who perceived that a variety of foods was being sold had a significantly higher intake of fruits than those who did not.



As for the percentage of DRI for nutrient intake, energy, protein, niacin, and iron intake were higher in those who had a positive perception of food store sufficiency, food freshness, and food purchase in small quantities, while vitamin B1 intake was higher in subjects who had a positive perception of food store sufficiency and food freshness than those who did not. The percentage of DRI for Vitamin C intake was higher in those who had a positive perception of food freshness. The percentage of DRI in sodium intake was higher in the subjects who had a positive perception of reasonableness in food price, while the percentage of DRI in calcium and vitamin A intake was higher in subjects with positive perceptions of small purchases of food than those who did not.




3.5. Effects of Food Store Accessibility Perception on the Risk of Malnutrition and Frailty


Some local community food store environment factors still affected the results, even after adjusting for demographic characteristics and the food and nutrient intakes affecting the levels of malnutrition and frailty (Table 5). For malnutrition, the sufficiency of food stores (odds ratio (OR) = 1.988, 95% confidence interval (CI) = 1.211–3.262), freshness of foods (OR = 1.767, 95% CI = 1.075–2.886), and variety in foods (OR = 1.961, 95% CI = 1.197–3.212) were significant environment factors affecting the risk of malnutrition. For frailty, the freshness of foods (OR = 1.997, 95% CI = 1.053–3.788), variety in foods (OR = 2.440, 95% CI = 1.277–4.661), and small purchase of foods (OR = 2.645, 95% CI = 1.362–5.139) were significant environment factors. Subjects who had a negative perception of these food store accessibility factors were at an increased risk of malnutrition or frailty, compared to those who had a positive perception of them.



With regards to the risk of malnutrition and frailty, depending on the number of local community food store accessibility items met out of six, an increase in the number of factors decreased the risk of malnutrition (OR = 0.86, 95% CI = 0.766–0.966) and frailty (OR = 0.826 95% CI = 0.709–0.961) by approximately 14% and 17%, respectively.





4. Discussion


In this study, we attempted to identify whether perceived food store accessibility, as a local community food environment factor, could affect the level of malnutrition or frailty in the vulnerable elderly population who had lower-income status and were experiencing food insecurity. The results showed that, when food store accessibility was positively perceived, the malnutrition and frailty risks decreased. Among food store accessibility factors, the ones that particularly affected the risk of malnutrition were the perceptions that there were insufficient food stores in the area, food not being fresh, or the variety of food being lacking, for which the risk of malnutrition was significantly higher. The risk of frailty significantly increased when the elderly perceived that the food sold at the food stores was not fresh, that there was not enough variety, or that making small purchases of food was not easy.



All of the subjects in this study had experienced food insecurity and were enrolled in the CHPP as part of a national public health program. The CHPP has been criticized, as there were few nutrition services specialized to diseases and that the food provided was also not sufficient [30,31]. The food sources and nutrient intake for the subjects in this study were very low [32], reaching only half to one-third of that of the elderly in the national representative survey. Existing studies have reported that food insecurity in the elderly increases their risk of malnutrition, frailty, and chronic diseases [33], and that food insecurity itself is affected by local community food environment factors [23,24]. Areas without a variety of foods, stores, and supermarkets, as well as high food prices, have been found to affect the food insecurity of subjects [34]. Recently, local community food environment factors, such as accessibility to supermarkets, long distances between home and grocery stores, and convenience of using public transport, showed a significant correlation with food security in the Korean elderly population residing in rural areas [23]. Due to differences in the local community food environment, there was a significant difference in the dietary quality and the level of food insecurity between the elderly residing in urban areas and those residing in rural areas [35].



In the food-insecure elderly of this study, the risk of malnutrition or frailty was found to increase with increased negative perceptions of local community food store accessibility, which might imply that the local community food environment affected the food or nutrient intake of individuals, even for vulnerable elderly in an urban area. Previous studies have reported that the local community food environment is an important factor for food selection, quality of meals, and health outcomes [18,19,36]. In this study, the malnourished or frail elderly had a lower intake of meats, vegetables, and fruits than those who were not, and their corresponding energy, protein, iron, and vitamin intakes were also lower, as a result.



The food environment factors that have shown correlations with food selection or dietary quality include physical accessibility, reasonableness of prices, and availability of a variety of food [34,36,37,38]. In this study, the ease of small purchases was also found to be an important food environment factor influencing the intake of healthy food groups. The ease of making small purchases of food was a significant factor derived from a qualitative survey in a previous study [25]. This factor could have affected the food intake or outcome factor, as the elderly have a high rate of living alone, especially low-income elderly people. The cost burden, as well as food quantity, could have been limiting factors in food selection. The reasonableness of food prices, which has been found to be associated with the level of healthy food group intake in previous studies [29,39,40], was found to be unrelated to the nutritional status or the health outcome of the subjects in this study; among food environment factors, the percentage of positive perception on food prices within the local community was relatively higher, compared to other food environment factors. It is possible that, given the characteristics of metropolitan cities, good accessibility to many food stores could have allowed the elderly to have access to food at reasonable cost, which may have reduced the impact of food prices in relative terms. In fact, the elderly in the Republic of Korea can use public transportation (e.g., the subway) for free and, therefore, have more opportunities to purchase fresh food at reasonable prices [25]. This finding was particularly consistent with the results of overseas studies that involved the vulnerable elderly [41,42,43]. The results of these studies showed that the urban elderly with low socioeconomic levels exhibited dynamic food purchasing behavior, as they searched for grocery stores that suited their individual needs rather than going to the nearest one to purchase major food items. This study found a relationship between perceived food accessibility and malnutrition and frailty after considering several covariates, but we could not identify the variables by which perceptions of food environment were involved in the pathway and/or mechanism, leading to malnutrition and frailty due to cross-sectional design.



In this study, we examined the food environment using perceived measurements of food store accessibility. Several studies have shown that the relationship between food environment and food purchasing and intake is more significant in perceived measures than that in objective measures, especially among disadvantaged populations [23,40], suggesting that perception of access might be a better predictor of food accessibility. Other studies have reported that perceived local food environment differs by socioeconomic status [25,44,45], showing that the disadvantaged population is more likely to have negative perceptions than the less disadvantaged population. This might be explained by non-economic factors which have impacts on perceptions of food cost and availability, such as value for money, quality of produce, and convenience, as well as economic factors, such as overall budget, proportional spending, and so on [44]. These factors could account for the socioeconomic differences in food environment perception which were not attributed to the objective food environment measures. The subjects in this study were food-insecure older adults who might more negatively perceive the environment, relative to the actual food environment. Therefore, further research is required to identify the factors affecting the perception of food accessibility. These findings could help to develop intervention programs that incorporate strategies to overcome such negative perceptions.



In this study, unmet food environment factors increased the risk of malnutrition or frailty, a finding that was still significant even after adjusting for demographic characteristics related to malnutrition and frailty, in addition to the intake of energy and food group intake related to outcome factors. This suggests that local community food environment factors could be explained by other mechanisms, in addition to food or nutrient intake. The interactions between individual and environmental factors may play important roles, in terms of the effects that the local community food environment has on eating behavior and the resulting health outcomes. For example, individual factors (e.g., self-efficacy, beliefs, and perceived disability [46,47]) or socio-environmental factors, such as the local environment (e.g., local crime rate, local deprivation index), social capital, and social networks [20,48] could interact with environmental factors to have an effect on health outcomes [43,49,50]. Therefore, in order to clearly understand the contextual effects of how the local community food environment affects malnutrition and frailty in the elderly, it would be necessary to identify the relative contributions of individual somatic and psychological factors, along with socio-environmental factors, as well as to conduct an in-depth analysis on the cross-level interactions among these factors.



The results of this study were not stratified by sex, but analyzed and presented for the entire subjects. The proportion of women in the study was large and the subjects had several chronic diseases. Because the comorbidities with consequent frailty, as well as gender, would affect the overall outcomes in the elderly [51,52], further studies with more robust design are needed to elucidate the differences between genders.



There were several limitations in the interpretation of the results of this study. First, although the items measured in this study for the local community food environment were operationally developed based on theories and previous empirical survey tools, additional validation of the questionnaire in the survey is required. Specifically, physical accessibility was not included, as the subjects of this study lived in Seoul, which is a metropolitan city with easy physical access to local grocery stores [25]. Nevertheless, as the subjective perception of accessibility may differ from subject to subject, a survey and assessment of this factor should be conducted in the future. Second, the results of this study were cross-sectional, which made it difficult to establish causal relationships among food environment perception (e.g., food store accessibility), malnutrition, and frailty. It is necessary to clarify the causality among the factors in a future prospective study. Third, the subjects of this study were food-insecure elderly individuals in two districts of Seoul, who agreed to participate in the study, which makes it difficult to generalize the study results to other populations. The intensity of local food environment perception might vary, depending on their socioeconomic position and somatic and mental conditions. However, the results of the study, which were observed in a group with limited food purchasing power, were likely attenuated. As regional characteristics could have affected the food environment within that region, conducting a study involving a variety of regions is also necessary.



Despite these limitations, the study identified perceived food store environment factors in a local community that could affect malnutrition and frailty in the vulnerable, urban elderly with low income, and was the first to show that these factors could affect their nutritional status and somatic condition (e.g., frailty). These results suggest the need for food support programs and nutritional intervention projects targeting the elderly, as well as the application of additional strategies to improve the local food environment, demonstrating that they could be used as foundational data for developing such strategies. Particularly, in the midst of the current pandemic, continuous monitoring is required, as the local community food environment factors are expected to have a greater impact on the nutritional status or health outcomes of the elderly.




5. Conclusions


This study demonstrated that the perceived food store environment in the local community can influence the occurrence of malnutrition and frailty in the vulnerable elderly. Specifically, the sufficiency of food stores in the local community, the freshness and variety of foods, and the ease of purchasing in small quantities were identified as significant factors. In the future, these results may serve as a basis for developing food support programs and establishing nutrition policies, taking into account the food environment characteristics of the local communities wherein elderly individuals with malnutrition and frailty live.







Author Contributions


K.K. conceptualized and designed this study, as well as contributing to the data collection and the critical revision of the manuscript; Y.-M.K. supported the study design and drafted the manuscript; N.Y. contributed to the data collection and performed the data analysis. All authors have read and agreed to the published version of the manuscript.




Funding


This study was conducted with the funding from the National Research Foundation of Korea (NRF-2019R1A2C1084372) and Hanyang University (grant number: HY-2020).




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki and all procedures involving human subjects were approved by the Institutional Review Board of Dankook university (DKU 2018-06-001, and approval date: 12 June 2018).




Informed Consent Statement


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




Data Availability Statement


The data used came from the CHPP and restrictions apply to the availability of these data. Data might be however available from the corresponding author upon reasonable request and with permission of the CHPP.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Statistics Korea. 2019 Statistics on the Aged; Statistics Korea: Daejeon, Korea, 2019. [Google Scholar]

	



WHO. Global Strategy and Action Plan on Ageing and Health; World Health Organization: Geneva, Switzerland, 2017. [Google Scholar]

	



Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al. Frailty in older adults: Evidence for a phenotype. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001, 56, 146–157. [Google Scholar] [CrossRef]

	



Kim, C.-O.; Kim, M. Conceptual Defi nition and Operationalization of Frailty. Korean J. Fam. Pract. 2011, 1, 85–93. [Google Scholar]

	



Kim, J.H.; Kim, Y.J. Survey on the Welfare and Living Conditions of the Elderly in Seoul, 2018; Seoul Welfare Foundation: Seoul, Korea, 2018. [Google Scholar]

	



Collard, R.M.; Boter, H.; Schoevers, R.A.; Oude Voshaar, R.C. Prevalence of frailty in community-dwelling older persons: A systematic review. J. Am. Geriatr. Soc. 2012, 60, 1487–1492. [Google Scholar] [CrossRef] [PubMed]

	



He, B.; Ma, Y.; Wang, C.; Jiang, M.; Geng, C.; Chang, X.; Ma, B.; Han, L. Prevalence and Risk Factors for Frailty among Community-Dwelling Older People in China: A Systematic Review and Meta-Analysis. J. Nutr. Health Aging 2019, 23, 442–450. [Google Scholar] [CrossRef]

	



Kojima, G.; Iliffe, S.; Taniguchi, Y.; Shimada, H.; Rakugi, H.; Walters, K. Prevalence of frailty in Japan: A systematic review and meta-analysis. J. Epidemiol. 2017, 27, 347–353. [Google Scholar] [CrossRef]

	



Clegg, A.; Young, J.; Iliffe, S.; Rikkert, M.O.; Rockwood, K. Frailty in elderly people. Lancet 2013, 381, 752–762. [Google Scholar] [CrossRef]

	



Artaza-Artabe, I.; Sáez-López, P.; Sánchez-Hernández, N.; Fernández-Gutierrez, N.; Malafarina, V. The relationship between nutrition and frailty: Effects of protein intake, nutritional supplementation, vitamin D and exercise on muscle metabolism in the elderly. A systematic review. Maturitas 2016, 93, 89–99. [Google Scholar] [CrossRef] [PubMed]

	



Landi, F.; Calvani, R.; Tosato, M.; Martone, A.M.; Ortolani, E.; Savera, G.; Sisto, A.; Marzetti, E. Anorexia of aging: Risk factors, consequences, and potential treatments. Nutrients 2016, 8, 69. [Google Scholar] [CrossRef] [PubMed]

	



Remond, D.; SHahar, D.R.; Gille, D.; Pinto, P.; Kachal, J.; Peyron, M.A.; Dos Santos, C.N.; Bordoni, A.; Dupont, D.; Tomas-Cobos, L.; et al. Understanding the gastrointestinal tract of the elderly to develop dietary solutions that prevent malnutrition. Oncotarget 2015, 6, 13858–13898. [Google Scholar] [CrossRef]

	



Edfors, E.; Westergren, A. Home-Living Elderly People’s Views on Food and Meals. J. Aging Res. 2012, 2012, 761291. [Google Scholar] [CrossRef]

	



Kim, K.; Kim, M.K.; Shin, Y.J. The concept and measurement of food security. J. Prev. Med. Public Health 2008, 41, 387–396. [Google Scholar] [CrossRef]

	



Yang, Y.J. Socio-demographic Characteristics, Nutrient Intakes and Mental Health Status of Older Korean Adults depending on Household Food Security: Based on the 2008-2010 Korea National Health and Nutrition Examination Survey. Korean J. Community Nutr. 2015, 20, 30. [Google Scholar] [CrossRef]

	



Vandevijvere, S.; Swinburn, B. Creating healthy food environments through global benchmarking of government nutrition policies and food industry practices. Arch. Public Health 2014, 72, 7. [Google Scholar] [CrossRef]

	



Andress, L.; Hallie, S.S.; White, J.L.; Thorn, B. Five A’s of food access and perception of older adults in a rural food environment in West Virginia. Austin J. Nutr. Food Sci. 2016, 4, 1079. [Google Scholar]

	



Haynes-Maslow, L.; Leone, L.A. Examining the relationship between the food environment and adult diabetes prevalence by county economic and racial composition: An ecological study. BMC Public Health 2017, 17, 648. [Google Scholar] [CrossRef] [PubMed]

	



Momosaki, R.; Wakabayashi, H.; Maeda, K.; Shamoto, H.; Nishioka, S.; Kojima, K.; Tani, Y.; Suzuki, N.; Hanazato, M.; Kondo, K. Association between Food Store Availability and the Incidence of Functional Disability among Community-Dwelling Older Adults: Results from the Japanese Gerontological Evaluation Cohort Study. Nutrients 2019, 11, 2369. [Google Scholar] [CrossRef] [PubMed]

	



Paul, C.J.; Paul, J.E.; Anderson, R.S. The Local Food Environment and Food Security: The Health Behavior Role of Social Capital. Int. J. Environ. Res. Public Health 2019, 16, 45. [Google Scholar] [CrossRef]

	



Kim, K.; Frongillo, E.A. Patterns of food insecurity and participation in food assistance programmes over time in the elderly. Public Health Nutr. 2009, 12, 2113–2119. [Google Scholar] [CrossRef]

	



Cho, J. Factors Associated With Food Insecurity Among the Korean Elderly: Using Ordered Logistic Regression Analysis. Health Soc. Welf. Rev. 2015, 35, 375–406. [Google Scholar] [CrossRef]

	



Shim, J.E.; Hwang, J.Y.; Kim, K. Objective and perceived food environment and household economic resources related to food insecurity in older adults living alone in rural areas. BMC Geriatr. 2019, 19, 234. [Google Scholar] [CrossRef] [PubMed]

	



Shim, J.E.; Kim, S.J.; Kim, K.; Hwang, J.Y. Spatial Disparity in Food Environment and Household Economic Resources Related to Food Insecurity in Rural Korean Households with Older Adults. Nutrients 2018, 10, 1514. [Google Scholar] [CrossRef]

	



Yang, N.; Kim, K. Qualitative Study on the Perception of Community Food-accessibility Environment among Urban Older Adults. Korean J. Community Nutr. 2020, 25, 137. [Google Scholar] [CrossRef]

	



Ministry of Health; Welfare and Korea Health Promotion Institute. Integrated Community Health Promotion Program in 2017: Home Visiting Healthcare; Ministry of Health and Welfare: Sejong, Korea, 2016.

	



The Korean Nutrition Society Computer Aided Nutritional Analysis Program. 2021. Available online: http://www.kns.or.kr/Center/CanPro5 (accessed on 1 December 2018).

	



Vellas, B.; Villars, H.; Abellan, G.; Soto, M.E.; Rolland, Y.; Guigoz, Y.; Morley, J.E.; Chumlea, W.; Salva, A.; Rubenstein, L.Z.; et al. Overview of the MNA—Its history and challenges. J. Nutr. Health Aging 2006, 10, 456–465. [Google Scholar]

	



Caspi, C.E.; Sorensen, G.; Subramanian, S.V.; Kawachi, I. The local food environment and diet: A systematic review. Health Place 2012, 18, 1172–1187. [Google Scholar] [CrossRef]

	



Hong, S.A.; Kim, K. Factors contributing to participation in food assistance programs in the elderly population. Nutr. Res. Pract. 2014, 8, 425–431. [Google Scholar] [CrossRef] [PubMed]

	



Yook, S.-M.; Kim, K.; Shim, J.E.; Hwang, J.-Y. A Survey on Geograhical Targeting for Elderly Food Assistance System of Public Officers at Local Agencies. J. Korean Soc. Food Sci. Nutr. 2019, 48, 1007–1014. [Google Scholar] [CrossRef]

	



The Ministry of Health and Welfare; Korea Centers for Disease Control and Prevention. Korea Health Statistics 2018: Korea National Health and Nutrition Examination Survey (KNHANES VII-3); Korea Centers for Disease Control and Prevention: Sejong, Korea, 2019.

	



Fernandes, S.G.; Rodrigues, A.M.; Nunes, C.; Santos, O.; Gregorio, M.J.; de Sousa, R.D.; Dias, S.; Canhao, H. Food Insecurity in Older Adults: Results From the Epidemiology of Chronic Diseases Cohort Study 3. Front. Med. 2018, 5, 203. [Google Scholar] [CrossRef] [PubMed]

	



Sharkey, J.R.; Johnson, C.M.; Dean, W.R. Foood access and perceptions of the community and household food environment at correlates of fruit and vegetable intake among rural seniors. BMC Geriatr. 2010, 10, 32. [Google Scholar] [CrossRef] [PubMed]

	



Park, S.; Kim, H.J.; Kim, K. Do Where The Elderly Live Matter? Factors Associated with Diet Quality among Korean Elderly Population Living in Urban Versus Rural Areas. Nutrients 2020, 12, 1314. [Google Scholar] [CrossRef]

	



Mercille, G.; Richard, L.; Gauvin, L.; Kestens, Y.; Shatenstein, B.; Daniel, M.; Payette, H. The food environment and diet quality of urban-dwelling older women and men: Assessing the moderating role of diet knowledge. Can. J. Public Health 2016, 107, 5309. [Google Scholar] [CrossRef]

	



Lee, C.H.; Lee, S.E.; Jang, M.J.; Choe, J.S.; Park, H.Y.; Kim, Y. An Analysis of Food Purchase Accessibility and Availability for Rural Households: The Cases of Bibong-myeon and Maesong-myeon, Hwaseong-si. Korean J. Community Living Sci. 2014, 25, 581–600. [Google Scholar] [CrossRef]

	



Yamaguchi, M.; Takahashi, K.; Hanazato, M.; Suzuki, N.; Kondo, K.; Kondo, N. Comparison of Objective and Perceived Access to Food Stores Associated with Intake Frequencies of Vegetables/Fruits and Meat/Fish among Community-Dwelling Older Japanese. Int. J. Environ. Res. Public Health 2019, 16, 772. [Google Scholar] [CrossRef]

	



Capone, R.; Bilali, H.E.; Debs, P.; Cardone, G.; Driouech, N. Food economic accessibility in the mediterranean region: An exploratory assessment at micor and macro level. J. Food Secur. 2014, 2, 1–12. [Google Scholar] [CrossRef]

	



Giskes, K.; Van Lenthe, F.J.; Brug, J.; Mackenbach, J.P.; Turrell, G. Socioeconomic inequalities in food purchasing: The contribution of respondent-perceived and actual (objectively measured) price and availability of foods. Prev. Med. 2007, 45, 41–48. [Google Scholar] [CrossRef]

	



Aggarwal, A.; Cook, A.J.; Jiao, J.; Seguin, R.A.; Vernez Moudon, A.; Hurvitz, P.M.; Drewnowski, A. Access to supermarket and fruit and vegetable consumption. Am. J. Public Health 2014, 104, 917–923. [Google Scholar] [CrossRef]

	



Morland, K.; Filomena, S. The utilization of local food environments by urban seniors. Prev. Med. 2008, 47, 289–293. [Google Scholar] [CrossRef] [PubMed]

	



Munoz-Plaza, C.E.; Morland, K.B.; Pierre, J.A.; Spark, A.; Filomena, S.E.; Noyes, P. Navigating the urban food environment: Challenges and resilience of community-dwelling older adults. J. Nutr. Educ. Behav. 2013, 45, 322–331. [Google Scholar] [CrossRef] [PubMed]

	



Williams, L.K.; Thornton, L.; Ball, K.; Crawford, D. Is the objective food environment associated with perceptions of the food environment? Public Health Nutr. 2012, 15, 291–298. [Google Scholar] [CrossRef] [PubMed]

	



Inglis, V.; Ball, K.; Crawford, D. Socioeconomic variations in women’s diets: What is the role of perceptions of the local food environment? J. Epidemiol. Community Health 2008, 62, 191–197. [Google Scholar] [CrossRef] [PubMed]

	



Ball, K.; Timperio, A.F.; Crawford, D.A. Understanding environmental influences on nutrition and physical activity behaviors: Where should we look and what should we count? Int. J. Behav. Nutr. Phys. Act. 2006, 3, 33. [Google Scholar] [CrossRef] [PubMed]

	



Baranowski, T.; Cullen, K.W.; Baranowski, J. Psychosocial correlates of dietary intake: Advancing dietary intervention. Annu. Rev. Nutr. 1999, 19, 17–40. [Google Scholar] [CrossRef]

	



Vilaro, M.J.; Barnett, T.E.; Mathews, A.; Pomeranz, J.; Curbow, B. Income differences in social control of eating behaviors and food choice priorities among southern rural women in the US: A qualitative study. Appetite 2016, 107, 604–612. [Google Scholar] [CrossRef] [PubMed]

	



Ball, K.; Crawford, D.; Mishra, G. Socio-economic inequalities in women’s fruit and vegetable intakes: A multilevel study of individual, social and environmental mediators. Public Health Nutr. 2006, 9, 623–630. [Google Scholar] [CrossRef] [PubMed]

	



Cannuscio, C.C.; Hillier, A.; Karpyn, A.; Glanz, K. The social dynamics of healthy food shopping and store choice in an urban environment. Soc. Sci. Med. 2014, 122, 13–20. [Google Scholar] [CrossRef] [PubMed]

	



Corrao, S.; Santalucia, P.; Argano, C.; Djade, C.D.; Barone, E.; Tettamanti, M.; Pasina, L.; Franchi, C.; Kamal Eldin, T.; Marengoni, A.; et al. Gender-differences in disease distribution and outcome in hospitalized elderly: Data from the REPOSI study. Eur. J. Intern. Med. 2014, 25, 617–623. [Google Scholar] [CrossRef] [PubMed]

	



Marcucci, M.; Franchi, C.; Nobili, A.; Mannucci, P.M.; Ardoino, I.; Tettamanti, M.; Pasina, L.; Perticone, F.; Salerno, F.; Corrao, S.; et al. Defining aging phenotypes and related outcomes: Clues to recognize frailty in hospitalized older patients. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2017, 72, 395–402. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Distribution of malnutrition and frailty in study participants.






Table 1. Distribution of malnutrition and frailty in study participants.





	

	
All

	
Malnutrition

	
Frailty




	

	
Malnutrition

	
At Risk of Malnutrition

	
p

	
Frailty

	
Pre-Frailty

	
p




	
n = 372

	
n = 122

	
(32.8%)

	
n = 250

	
(67.2%)

	

	
n = 54

	
(14.5%)

	
n = 317

	
(85.2%)

	






	
Gender

	

	

	

	

	

	

	

	

	

	

	

	




	
Male

	
113

	
(30.4)

	
26

	
(23.0)

	
87

	
(77.0)

	
0.008

	
13

	
(11.5)

	
99

	
(87.6)

	
0.290




	
Female

	
256

	
(69.6)

	
96

	
(37.5)

	
163

	
(63.7)

	

	
41

	
(16.0)

	
218

	
(85.2)

	




	
Age

	

	

	

	

	

	

	

	

	

	

	

	




	
<74

	
155

	
(41.7)

	
42

	
(27.1)

	
113

	
(72.9)

	
0.048

	
14

	
(9.0)

	
140

	
(90.3)

	
0.012




	
≥75

	
217

	
(58.3)

	
80

	
(36.9)

	
137

	
(63.1)

	

	
40

	
(18.4)

	
177

	
(81.6)

	




	
Living alone

	

	

	

	

	

	

	

	

	

	

	

	




	
Yes

	
285

	
(76.6)

	
90

	
(31.6)

	
195

	
(68.4)

	
0.366

	
43

	
(15.1)

	
242

	
(84.9)

	
0.597




	
No

	
87

	
(23.4)

	
32

	
(36.8)

	
55

	
(63.2)

	

	
11

	
(12.6)

	
75

	
(86.2)

	




	
Household Income

	

	

	

	

	

	

	

	

	

	

	

	




	
<100% of the minimum living cost

	
282

	
(75.8)

	
93

	
(33.0)

	
189

	
(67.0)

	
0.539

	
36

	
(12.8)

	
245

	
(86.9)

	
0.176




	
<50% of standard median household income

	
75

	
(20.2)

	
26

	
(34.7)

	
49

	
(65.3)

	

	
16

	
(21.3)

	
59

	
(78.7)

	




	
Others

	
15

	
(4.0)

	
3

	
(20.0)

	
12

	
(80.0)

	

	
3

	
(20.0)

	
13

	
(86.7)

	




	
Mobility

	

	

	

	

	

	

	

	

	

	

	

	




	
Not good

	
44

	
(11.9)

	
27

	
(61.4)

	
17

	
(38.6)

	
<0.001

	
16

	
(36.4)

	
28

	
(63.6)

	
<0.001




	
Good

	
327

	
(88.1)

	
94

	
(28.7)

	
233

	
(71.3)

	

	
38

	
(11.6)

	
288

	
(88.1)

	




	
Social activity

	

	

	

	

	

	

	

	

	

	

	

	




	
At least once a week

	
144

	
(38.7)

	
48

	
(33.3)

	
96

	
(66.7)

	
0.592

	
16

	
(11.1)

	
127

	
(88.2)

	
0.327




	
Sometimes

	
38

	
(10.2)

	
15

	
(39.5)

	
23

	
(60.5)

	

	
7

	
(18.4)

	
31

	
(81.6)

	




	
No

	
190

	
(51.1)

	
59

	
(31.1)

	
131

	
(68.9)

	

	
31

	
(16.3)

	
159

	
(83.7)

	




	
Number of chronic diseases

	

	

	

	

	

	

	

	

	

	

	

	




	
<3

	
204

	
(54.8)

	
67

	
(32.8)

	
137

	
(67.2)

	
0.983

	
27

	
(13.2)

	
177

	
(86.8)

	
0.426




	
≥3

	
168

	
(45.2)

	
55

	
(32.7)

	
113

	
(67.3)

	

	
27

	
(16.1)

	
140

	
(83.3)

	




	
Cooking ability

	

	

	

	

	

	

	

	

	

	

	

	




	
Not enable

	
44

	
(25.8)

	
42

	
(95.5)

	
54

	
(122.7)

	
0.008

	
9

	
(20.5)

	
87

	
(197.7)

	
0.095




	
Enable

	
276

	
(74.2)

	
80

	
(29.0)

	
196

	
(71.0)

	

	
45

	
(16.3)

	
230

	
(83.3)

	








Data are expressed as n (%), p-values were obtained by Chi-square test.
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Table 2. Food sources and nutrient intake according to malnutrition and frailty.






Table 2. Food sources and nutrient intake according to malnutrition and frailty.





	

	
All

	
Malnutrition

	
Frailty




	
Malnutrition

	
At Risk of Malnutrition

	
p

	
Frail

	
Pre-Frail

	
p




	
n = 372

	
n = 122 (38.2%)

	
n = 250 (67.2%)

	

	
n = 54 (14.5%)

	
n = 317 (85.2%)

	






	
Food sources (g)

	

	

	

	

	

	

	




	
Cereals and potatoes

	
204.7 ± 5.6

	
171.3 ± 6.7

	
221 ± 7.5

	
<0.001

	
172.4 ± 11.3

	
210.2 ± 6.3

	
0.018




	
Legumes

	
39.8 ± 4.2

	
38.7 ± 7.2

	
40.3 ± 5.1

	
0.856

	
24.9 ± 6.9

	
41.8 ± 4.7

	
0.045




	
Meats

	
21.6 ± 2.3

	
13.7 ± 2.8

	
25.5 ± 3.2

	
0.006

	
12.6 ± 4.4

	
23.2 ± 2.6

	
0.039




	
eggs

	
15.6 ± 1.7

	
16.4 ± 3.1

	
15.2 ± 2.0

	
0.727

	
10.7 ± 4.0

	
16.5 ± 1.9

	
0.238




	
Fish and shellfish

	
18.2 ± 2.0

	
15.2 ± 3.4

	
19.7 ± 2.5

	
0.294

	
11.8 ± 2.7

	
19.1 ± 2.3

	
0.042




	
Vegetables

	
168.3 ± 6.2

	
126.1 ± 8.6

	
188.9 ± 8.0

	
<0.001

	
135.5 ± 13.6

	
173.8 ± 6.9

	
0.031




	
Fruits

	
53.7 ± 5.7

	
42.3 ± 8.5

	
59.2 ± 7.4

	
0.136

	
32.6 ± 13.6

	
57.4 ± 6.3

	
0.101




	
Dairy

	
48.5 ± 5.6

	
64.5 ± 10.1

	
40.8 ± 6.7

	
0.051

	
45.1 ± 12.3

	
49.3 ± 6.3

	
0.791




	
Nutrient intakes as a percentage of DRI (%)

	

	

	

	

	




	
Energy

	
56.6 ± 21.3

	
49.0 ± 18.3

	
60.3 ± 21.7

	
<0.001

	
46.6 ± 17.8

	
58.3 ± 21.4

	
<0.001




	
Protein

	
68.9 ± 36.0

	
57.9 ± 31.5

	
74.2 ± 36.9

	
<0.001

	
52.5 ± 25.9

	
71.6 ± 36.8

	
<0.001




	
Vitamin A

	
31.7 ± 38.2

	
29.0 ± 37.8

	
33.1 ± 38.4

	
0.333

	
23.6 ± 22.6

	
33.2 ± 40.2

	
0.091




	
Vitamin C

	
31.2 ± 32.1

	
27.4 ± 30.2

	
33.0 ± 32.9

	
0.115

	
27.1 ± 32.0

	
31.9 ± 32.1

	
0.312




	
Vitamin B1

	
72.4 ± 38.7

	
60.2 ± 35.4

	
78.4 ± 38.9

	
<0.001

	
61.6 ± 37.9

	
74.2 ± 38.6

	
0.027




	
Vitamin B2

	
47.5 ± 32.3

	
44.0 ± 31.9

	
49.2 ± 32.4

	
0.147

	
39.7 ± 29.6

	
48.8 ± 32.6

	
0.056




	
Niacin

	
39.2 ± 22.2

	
32.3 ± 19.3

	
42.6 ± 22.7

	
<0.001

	
29.5 ± 15.0

	
40.8 ± 22.8

	
<0.001




	
Ca

	
33.6 ± 23.8

	
30.6 ± 20.2

	
35.1 ± 25.3

	
0.092

	
28.1 ± 19.3

	
34.5 ± 24.4

	
0.065




	
Fe

	
103.5 ± 58.1

	
83.6 ± 45.3

	
113.3 ± 61.2

	
<0.001

	
84.3 ± 45.7

	
106.8 ± 59.5

	
0.008




	
Na

	
101.5 ± 65.5

	
86.9 ± 62.4

	
108.6 ± 65.9

	
0.002

	
92.1 ± 56.4

	
102.8 ± 66.7

	
0.266








Data are expressed as mean ± standard deviation, p-values were obtained by independent t-test for the difference in nutrient intakes, compared to Dietary Reference Intakes (DRI) between nutrition or frail status.
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Table 3. Univariate relationship of food store accessibility perception with malnutrition and frailty.
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All

	
Malnutrition

	
Frailty

	




	
Malnutrition

	
At Risk of Malnutrition

	
Frail

	
Pre-Frail




	
n = 372

	
n = 122 (38.2%)

	
n = 250 (67.2%)

	
n = 54 (14.5%)

	
n = 317 (85.2%)






	
Sufficiency of food stores

	

	

	

	

	




	
Sufficient

	
185(49.7)

	
44

	
(23.8)

	
141

	
(76.2)

	
18

	
(9.7)

	
167

	
(90.3)




	
Not sufficient

	
187(50.3)

	
78

	
(41.7)

	
109

	
(58.3)

	
36

	
(19.3)

	
150

	
(80.2)




	
p

	

	
<0.001

	
0.009




	
Freshness of foods for sale

	

	

	

	

	

	

	

	




	
Fresh

	
192(51.6)

	
49

	
(25.5)

	
143

	
(74.5)

	
18

	
(9.4)

	
174

	
(90.6)




	
Not fresh

	
180(48.4)

	
73

	
(40.6)

	
107

	
(59.4)

	
36

	
(20.0)

	
143

	
(79.4)




	
p

	

	
0.002

	
0.003




	
Variety in foods for sale

	

	

	

	

	

	

	




	
Variety

	
193(51.9)

	
49

	
(25.4)

	
144

	
(74.6)

	
17

	
(8.8)

	
176

	
(91.2)




	
No variety

	
179(48.1)

	
73

	
(40.8)

	
106

	
(59.2)

	
37

	
(20.7)

	
141

	
(78.8)




	
p

	

	
0.002

	
0.001




	
Price of foods for sale

	

	

	

	

	

	

	




	
Affordable

	
227(61.0)

	
76

	
(33.5)

	
151

	
(66.5)

	
35

	
(15.4)

	
191

	
(84.1)




	
Not affordable

	
145(39.0)

	
46

	
(31.7)

	
99

	
(68.3)

	
19

	
(13.1)

	
126

	
(86.9)




	
p

	

	
0.725

	

	
0.525

	




	
Easy to purchase in small packages

	

	

	

	

	

	

	




	
Easy

	
191(51.3)

	
50

	
(26.2)

	
141

	
(73.8)

	
15

	
(7.9)

	
176

	
(92.1)




	
Not easy

	
181(48.7)

	
72

	
(39.8)

	
109

	
(60.2)

	
39

	
(21.7)

	
141

	
(78.3)




	
p

	

	
0.005

	

	
<0.001

	




	
Service of food stores

	

	

	

	

	

	

	




	
Good

	
113(30.4)

	
33

	
(29.2)

	
80

	
(70.8)

	
13

	
(11.5)

	
100

	
(88.5)




	
Not good

	
259(69.6)

	
89

	
(34.4)

	
170

	
(65.6)

	
41

	
(15.9)

	
217

	
(84.1)




	
p

	

	
0.33

	

	
0.27

	




	
Number of positive responses for food store accessibility items

	

	




	
Mean ± SD

	
3.0 ± 2.0

	
2.5 ± 2.0

	
3.2 ± 1.9

	
2.1 ± 2.0

	
3.1 ± 2.0




	
p

	

	
0.001

	

	
0.001

	








Data are presented as n (%), p-values were obtained by Chi-square test and by independent t-test for sum of items.
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Table 4. Food and nutrient intake, according to food store accessibility perception.
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Sufficiency of Food Stores

	
Freshness of Foods for Sale

	
Variety in Foods for Sale

	
Price of Foods for Sale

	
Easy to Purchase in Small Packages

	
Service of Grocery Store




	
Not Sufficient

	
Sufficient

	
p

	
Not Fresh

	
Fresh

	
p

	
No Variety

	
Variety

	
p

	
Not Affordable

	
Affordable

	
p

	
Not Easy

	
Easy

	
p

	
Not Good

	
Good

	
p






	
Food sources (g)

	




	
Cereals and potatoes

	
197.7 ± 8.7

	
211.8 ± 7.2

	
0.209

	
201.4 ± 9.2

	
207.8 ± 6.7

	
0.570

	
202.8 ± 9.4

	
206.4 ± 6.5

	
0.750

	
210.9 ± 10.1

	
200.7 ± 6.6

	
0.379

	
202.0 ± 9.2

	
207.3 ± 6.7

	
0.639

	
204.6 ± 7.3

	
204.8 ± 8.0

	
0.991




	
Legumes

	
39.7 ± 5.7

	
39.8 ± 6.1

	
0.984

	
35.7 ± 5.5

	
43.6 ± 6.2

	
0.341

	
40.1 ± 6.0

	
39.4 ± 5.8

	
0.938

	
34.6 ± 6.1

	
43.0 ± 5.6

	
0.324

	
39.4 ± 5.7

	
40.1 ± 6.1

	
0.928

	
38.3 ± 4.8

	
43.1 ± 8.1

	
0.599




	
Meats

	
16.4 ± 2.6

	
26.9 ± 3.9

	
0.026

	
17.1 ± 2.8

	
25.9 ± 3.7

	
0.056

	
20.0 ± 3.1

	
23.1 ± 3.5

	
0.512

	
22.6 ± 3.4

	
21.0 ± 3.2

	
0.730

	
17.7 ± 2.7

	
25.4 ± 3.7

	
0.100

	
23.4 ± 3.1

	
17.5 ± 3.0

	
0.173




	
Eggs

	
15.7 ± 2.6

	
15.4 ± 2.2

	
0.931

	
15.1 ± 2.6

	
16.0 ± 2.3

	
0.808

	
16.5 ± 2.6

	
14.8 ± 2.2

	
0.618

	
14.2 ± 2.6

	
16.4 ± 2.3

	
0.532

	
16.9 ± 2.5

	
14.3 ± 2.3

	
0.460

	
15.7 ± 2.1

	
15.4 ± 3.1

	
0.932




	
Fish and shellfish

	
19.1 ± 3.1

	
17.4 ± 2.6

	
0.674

	
19.9 ± 3.2

	
16.6 ± 2.4

	
0.409

	
19.6 ± 3.2

	
17.0 ± 2.5

	
0.510

	
15.5 ± 2.7

	
20.0 ± 2.8

	
0.276

	
16.5 ± 2.8

	
19.8 ± 2.8

	
0.408

	
17.2 ± 2.5

	
20.5 ± 3.4

	
0.454




	
Vegetables

	
154.2 ± 8.1

	
177.7 ± 9.1

	
0.056

	
153.3 ± 8.1

	
177.7 ± 9.1

	
0.047

	
155.8 ± 8.2

	
175.3 ± 9.0

	
0.113

	
174.0 ± 10.5

	
160.7 ± 7.5

	
0.290

	
156.1 ± 8.4

	
175.1 ± 8.9

	
0.122

	
170.0 ± 7.6

	
156.5 ± 10.4

	
0.311




	
Fruits

	
42.7 ± 7.7

	
64.7 ± 8.4

	
0.055

	
39.2 ± 7.5

	
67.2 ± 8.5

	
0.014

	
39.8 ± 7.1

	
66.5 ± 8.8

	
0.019

	
44.5 ± 7.4

	
59.5 ± 8.1

	
0.171

	
47.1 ± 7.6

	
59.9 ± 8.5

	
0.265

	
51.5 ± 6.8

	
58.6 ± 10.6

	
0.570




	
Dairy

	
51.0 ± 7.7

	
46.0 ± 8.1

	
0.659

	
48.4 ± 7.5

	
48.6 ± 8.3

	
0.985

	
46.5 ± 7.5

	
50.5 ± 8.3

	
0.723

	
45.1 ± 7.9

	
50.7 ± 7.7

	
0.630

	
47.0 ± 7.3

	
50.0 ± 8.5

	
0.789

	
48.3 ± 7.2

	
49.1 ± 8.2

	
0.949




	
Nutrient intakes as a percentage of DRI (%)

	




	
Energy

	
53.3 ± 21.4

	
59.9 ± 20.8

	
0.003

	
53.6 ± 21.4

	
59.4 ± 20.8

	
0.009

	
54.7 ± 21.6

	
58.3 ± 20.9

	
0.108

	
55.5 ± 17.9

	
57.3 ± 23.2

	
0.404

	
53.5 ± 21.0

	
59.5 ± 21.2

	
0.007

	
56.3 ± 21.8

	
57.1 ± 20.1

	
0.729




	
Protein

	
63.5 ± 34.0

	
74.2 ± 37.3

	
0.004

	
64.2 ± 35.2

	
73.2 ± 36.3

	
0.016

	
66.0 ± 34.5

	
71.5 ± 37.2

	
0.136

	
64.9 ± 29.2

	
71.4 ± 39.6

	
0.070

	
63.4 ± 32.3

	
74.1 ± 38.6

	
0.004

	
68.8 ± 38.2

	
69.0 ± 30.6

	
0.948




	
Vitamin A

	
28.8 ± 34.7

	
34.7 ± 41.4

	
0.140

	
28.0 ± 34.3

	
35.3 ± 41.4

	
0.067

	
28.6 ± 34.2

	
34.6 ± 41.5

	
0.129

	
30.6 ± 35.0

	
32.5 ± 40.3

	
0.635

	
27.7 ± 34.7

	
35.6 ± 41.0

	
0.046

	
32.0± 39.8

	
31.2 ± 34.6

	
0.863




	
Vitamin C

	
28.3 ± 27.7

	
34.1 ± 35.8

	
0.077

	
26.6 ± 25.3

	
35.5 ± 36.9

	
0.006

	
28.4 ± 26.5

	
33.8 ± 36.4

	
0.109

	
29.7 ± 26.6

	
32.1 ± 35.1

	
0.463

	
28.3 ± 28.2

	
33.9 ± 35.2

	
0.097

	
31.6 ± 30.8

	
30.3 ± 34.9

	
0.733




	
Vitamin B1

	
67.7 ± 37.4

	
77.2 ± 39.5

	
0.018

	
67.9 ± 37.4

	
76.7 ± 39.4

	
0.028

	
70.3 ± 38.7

	
74.3 ± 38.7

	
0.319

	
74.1 ± 39.1

	
71.4 ± 38.4

	
0.507

	
68.6 ± 38.5

	
76.1 ± 38.6

	
0.063

	
72.2 ± 39.5

	
72.9 ± 36.8

	
0.869




	
Vitamin B2

	
44.7 ± 31.3

	
50.3 ± 33.1

	
0.091

	
44.4 ± 29.6

	
50.4 ± 34.5

	
0.071

	
46.2 ± 29.8

	
48.7 ± 34.4

	
0.464

	
45.4 ± 26.7

	
48.9 ± 35.4

	
0.278

	
44.4 ± 29.5

	
50.4 ± 34.5

	
0.075

	
47.1 ± 32.5

	
48.4 ± 31.8

	
0.716




	
Niacin

	
35.8 ± 21.1

	
42.7 ± 22.7

	
0.002

	
36.5 ± 21.8

	
41.8 ± 22.2

	
0.022

	
37.4 ± 21.6

	
40.9 ± 22.6

	
0.134

	
39.3 ± 23.6

	
39.2 ± 21.2

	
0.967

	
35.0 ± 18.6

	
43.2 ± 24.5

	
<0.001

	
38.4 ± 21.5

	
41.1 ± 23.7

	
0.280




	
Ca

	
32.1 ± 24.8

	
35.2 ± 22.7

	
0.215

	
31.4 ± 23.9

	
35.7 ± 23.6

	
0.085

	
32.2 ± 23.7

	
34.9 ± 23.9

	
0.271

	
31.9 ± 22.6

	
34.7 ± 24.5

	
0.259

	
31.1 ± 23.3

	
36.0 ± 24.1

	
0.047

	
33.7 ± 25.5

	
33.5 ± 19.5

	
0.934




	
Fe

	
97.0 ± 61.6

	
110.2 ± 53.6

	
0.028

	
95.6 ± 57.1

	
111.0 ± 58.2

	
0.011

	
98.7 ± 59.4

	
108.0 ± 56.7

	
0.121

	
101.8 ± 56.1

	
104.7 ± 59.4

	
0.637

	
96.5 ± 57.4

	
110.2 ± 58.1

	
0.023

	
104.0 ± 61.4

	
102.6 ± 50.1

	
0.837




	
Na

	
95.0 ± 60.0

	
108 ± 70.1

	
0.056

	
98.0± 65.9

	
104.8 ± 65.0

	
0.320

	
98.3 ± 65.1

	
104.5 ± 65.8

	
0.362

	
93.2 ± 54.3

	
106.8 ± 71.3

	
0.037

	
96.6 ± 64.3

	
106.1 ± 66.4

	
0.164

	
100.9 ± 66.0

	
102.9 ± 64.6

	
0.792








Data are expressed as mean ± standard deviation, p-values were obtained by independent t-test for the difference in nutrient intakes, when compared to Dietary Reference Intakes, between the perception of food store accessibility status.
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Table 5. Effects of food store accessibility perception on malnutrition and frailty.
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Malnutrition

	
Frailty




	
Model 1

	
Model 2

	
Model 1

	
Model 2




	
aOR

	
(95% CI)

	
aOR

	
(95% CI)

	
aOR

	
(95% CI)

	
aOR

	
(95% CI)






	
Sufficiency of food stores

	

	

	

	

	

	

	

	




	
Sufficient

	
1.000

	
1.000

	
1.000

	
1.000




	
Not sufficient

	
2.257

	
(1.407–3.618)

	
1.988

	
(1.211–3.262)

	
1.936

	
(1.034–3.625)

	
1.698

	
(0.894–3.225)




	
Freshness of foods for sale

	

	

	

	

	

	

	

	




	
Fresh

	
1.000

	
1.000

	
1.000

	
1.000




	
Not fresh

	
1.985

	
(1.242–3.171)

	
1.761

	
(1.075–2.886)

	
2.175

	
(1.163–4.071)

	
1.997

	
(1.053–3.788)




	
Variety in foods for sale

	

	

	

	

	

	

	

	




	
Variety

	
1.000

	
1.000

	
1.000

	
1.000




	
No variety

	
2.040

	
(1.277–3.258)

	
1.961

	
(1.197–3.212)

	
2.492

	
(1.321–4.699)

	
2.440

	
(1.277–4.661)




	
Price of foods for sale

	

	

	

	

	

	

	

	




	
Affordable

	
1.000

	
1.000

	
1.000

	
1.000




	
Not affordable

	
0.934

	
(0.584–1.495)

	
0.964

	
(0.588–1.579)

	
0.770

	
(0.411–1.441)

	
0.793

	
(0.419–1.503)




	
Easy to purchase in small packages

	




	
Easy

	
1.000

	
1.000

	
1.000

	
1.000




	
Not Easy

	
1.679

	
(1.059–2.661)

	
1.481

	
(0.912–2.404)

	
2.944

	
(1.533–5.654)

	
2.645

	
(1.362–5.139)




	
Service of food store

	

	

	

	

	

	

	

	




	
Good

	
1.000

	
1.000

	
1.000

	
1.000




	
Not good

	
1.169

	
(0.706–1.935)

	
1.187

	
(0.700–2.013)

	
1.355

	
(0.679–2.706)

	
1.322

	
(0.654–2.673)




	
Number of positive responses for food store accessibility items

	
0.835

	
(0.747–0.933)

	
0.860

	
(0.766–0.966)

	
0.803

	
(0.690–0.934)

	
0.826

	
(0.709–0.961)








aOR, Adjusted Odds Ratio; CI, Confidence Interval; Model 1 was adjusted for gender, age, mobility, and cooking environment, for malnutrition, it was adjusted for age, and adjusted for mobility for frailty. Model 2 was adjusted for total energy, fruits, vegetables, and meats, in addition to those of Model 1.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  nutrients-13-02392


  
    		
      nutrients-13-02392
    


  




  





media/file0.png





