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Abstract
There are few studies that evaluate dietary intakes and predictors of diet quality in older adults.
The objectives of this study were to describe nutrient intakes and examine associations between
demographic, economic, behavioral, social environment, and health status factors and diet quality.
Cross-sectional data was from Black, White, and Hispanic adults ages 60-99 years, living
independently in New York City and participating in the Cardiovascular Health of Seniors and the
Built Environment Study, 2009-2011 (n=1306). Multivariable log-linear regression estimated
associations between selected factors and good diet quality, defined as a Healthy Eating Index
score based on the 2005 Dietary Guidelines for Americans (HEI-2005)>80. Dietary intakes were
similar for men and women; intakes of energy, fiber, and the majority of micronutrients were
below recommendations, while intakes of fats, added sugar, and sodium were within the upper
range or exceeded recommendations. Hispanic ethnicity (Relative Risk, RR=1.37; 95%
Confidence Interval, CI, 1.07-1.75), caloric intake <~1500 calories/day (RR=1.93; 95%CI,
1.37-2.71), adherence to a special diet (RR=1.23; 95%CI: 1.02-1.50), purchasing food at
supermarkets at least once/week (RR=1.34; 95%CI, 1.04-1.74), and being married/living with a
partner (RR=1.37; 95%CI, 1.10-1.71) were positively associated with HEI-2005>80. Consuming
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at least restaurant one meal/day was negatively associated with HEI-2005>80 (RR=0.69; 95%CI,
0.50-0.94). These findings identify specific groups of older adults, such as Blacks or those who
live alone, who may benefit from dietary interventions, as well as specific modifiable behaviors
among older adults, such as eating restaurant meals or shopping at supermarkets, which may be
targeted through interventions.
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INTRODUCTION
Dietary quality has been described in various populations of older adults.1-5 For instance,
among older adults (>=60 years) participating in the 1999-2002 National Health and
Nutrition Examination Survey (NHANES), the average Healthy Eating Index score (HEI,
based on the Dietary Guidelines for Americans) was 66.6, well below the cut-point of 80,
which implies “good” diet quality.3,6 Less than one-third of participants met recommended
intakes of fruits or vegetables and only 23% met recommended intakes of dairy foods.3

Other studies, which examined intakes of micronutrients in older adults, show that many are
inadequate or below recommended levels.7-10

Nutritional status is important to the health of older adults. Both inadequate and excessive
intakes of certain nutrients are associated with increased risk of chronic conditions, such as
osteoporosis and cardiovascular-related diseases.11,12 A social ecological model of factors
that influence nutrition and eating behaviors, including individual characteristics,
interpersonal relationships, community networks, and public policy factors, has been
conceptualized for older adults.15 For example, self-reported good health and appetite level
are positively associated with dietary quality and intakes1,3,16, whereas chronic health
conditions and medications can diminish appetite and sense of small and taste leading to
adverse changes in food choices, and the absorption, transportation, and metabolism of
nutrients.17-20 Other factors associated with dietary quality and intakes include food
insecurity21,22, social isolation (defined as living or eating alone), gender, age, race/
ethnicity, education, and smoking status.1-3,5,16

Few studies have comprehensively described dietary intakes or investigated predictors of
diet quality in older adults. The current study provides unique and valuable information by
describing the macro- and micronutrient intakes and HEI scores of a large, independently-
living population of Black, Hispanic, and White older adults, aged 60-99 years, in the
United States (US). Moreover, the associations between many demographic, economic,
behavioral, social, and health status factors and diet quality were evaluated. This information
is useful for identifying targets for public health interventions aimed at improving the
nutritional status of older adults.

METHODS
This is a cross-sectional analysis of data from the Cardiovascular Health of Seniors and the
Built Environment Study, a longitudinal observational study designed to examine the
relationships among neighborhood environments, dietary intake and physical activity, and
the risk of cardiovascular disease. Older adults were enrolled and provided informed
consent, January 2009-June 2011 (n=1453). Participants were recruited from New York City
community centers located in Brooklyn and Queens (along the Brooklyn/Queens border).
Eligible participants spoke English or Spanish and lived in Brooklyn or Queens for at least
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one year. All study procedures were approved by the Institutional Review Board at Mount
Sinai School of Medicine.

Of the 1453 enrolled participants, 1306 were eligible and included in the current study.
Exclusion criteria included: <60 years (n=21); self-reported race/ethnicity other than Black,
White, or Hispanic (n=44); or both dietary recalls were missing or implausible, defined as
energy intakes <500 or >5000 calories (n=82).

Dietary Assessment
Participants completed two interviewer-administered 24-hour recalls on non-consecutive
days using Nutrition Data System for Research (NDSR) 2009 (Nutrition Coordinating
Center, University of Minnesota, MN). First recalls were collected in person and second
recalls were by telephone; over 95% of recalls were collected within three months of each
other. Approximately 63% of participants reported using a dietary supplement. Data on
nutrient intakes from dietary sources only were included in analyses. Nutrient intakes from
two dietary recalls were averaged when both recalls were completed and had plausible
reported energy intakes (n=1071). Nutrient intakes from one recall were used when only one
recall was completed and/or had a plausible reported energy intake (n=235).

Healthy Eating Index scores based on the 2005 Dietary Guidelines for Americans
(HEI-2005) were generated from the NDSR dietary recall data.23-26 Methods to calculate
HEI scores in NDSR based on the 2010 US Dietary Guidelines are currently not validated;
however, scoring components and standards between HEI-2005 and 2010 do not greatly
differ.27 The HEI-2005 is the sum of scores on 12 dietary components: total fruits, whole
fruit, total vegetables, dark green and orange vegetables and legumes, total grains, whole
grains, milk, meat and beans, oils, saturated fat, sodium, and calories from solid fat, alcohol,
and added sugar. The first six components have scores of 0-5 points; the component for
calories from solid fat, alcohol, and added sugar has a score of 0-20 points; and the
remaining components have scores of 0-10 points. The maximal score is 100 points, with
higher scores indicating greater compliance with the US Dietary Guidelines: a score of >80
suggests a “good” diet, 51-80 suggests a diet that “needs improvement”, and <51 suggests a
“poor” diet.6

Covariates—Data on many demographic, economic, behavioral, social environment, or
health status factors that were hypothesized to be related to diet quality were collected from
baseline questionnaires. The referent groups are noted for all factors that were included in
final statistical models (described in the Statistical Analysis section).

Demographic Factors
Age was based on birthdate and categorized as 60-70 (Referent), Factors. 71-80, and 81-99
years; race/ethnicity was categorized as White, Black (Referent), and Hispanic; and highest
attained education level was categorized as less than high school (grades 1-8, Referent), high
school (grades 9-12 and trade school), and college or higher.

Economic Factors
Food security was measured using the US Department of Agriculture Adult Food Security
Survey Module, which assesses the level of food security in the previous year.28 Food
security categories were : 0 points, High Food Security; 1-2 points, Marginal Food Security;
3-5 points, Low Food Security; and 6-10 points, Very Low Food Security (Referent).29

Income was self-reported as the annual household income from all sources during the
previous year and dichotomized at $30,000 (<=$30,000 per year, Referent).
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Behavioral Factors
Adherence to a special diet (yes or no, Referent) was defined as Factors. reporting one or
more of the following special diets: weight loss; low carbohydrate, high protein, Atkins, low
cholesterol, gluten-free, low sodium, diabetic, vegetarian or vegan, or other special diet.
Mean energy intake was divided into quartiles: very low (500-966 calories), low (967-1206
calories), moderate (1207-1512 calories), and high (>1512 calories, Referent) caloric
intakes. The number of times/week that foods were purchased at supermarkets or small
corner stores/bodegas was categorized as <once/week (Referent), once/week, and >once/
week. The primary food shopper for the household was identified as self or another person
(Referent). The number of meals/day that were prepared/consumed at home, local senior
service centers, restaurants, and government delivery programs were categorized as ≥1 meal/
day and <1 meal/day (Referent). Other behavioral factors included: cooking as much as the
participant would like; evaluation of cooking ability; amount of time spent cooking dinner
and cleaning up afterwards; distance travelled to conduct major shopping; and frequency of
grocery delivery.

Social Environment Factors
Marital status, married/living with a partner or single (Referent); retirement status, retired or
not retired (Referent); and household size (number of people supported by annual income)
were examined.

Health Status Factors
Depression was measured as a composite score from the 15-point Geriatric Depression
Scale30 : mild or severe depression (5-15 points) and no depression (0-4 points, Referent).
Other measurements of health status included: physician-diagnosed heart disease,
hypertension, diabetes, stroke, cancer, osteoporosis, arthritis, food allergies; number of
hypertensive medications being taken; and percent body fat >30%. Percent body fat was
measured by bioelectrical impedance analysis using the Tanita body composition scale
(model TBF-300A, Tanita Corporation, Tokyo, Japan).

Statistical Analysis
Participants’ characteristics and dietary intakes were stratified by gender and reported as
frequencies when categorical and means and standard deviations when continuous. Dietary
intakes were compared to gender-specific Dietary Reference Intakes31,32 for adults ≥51
years. Dietary Reference Intakes do not provide dietary recommendations for saturated fat,
trans fat, cholesterol, and added sugar. In these instances, recommendations from the
American Heart Association33 were used. Recommended energy intakes were based on the
2005 Dietary Guidelines for Americans26 specific for gender and age (>=61 years) and
assuming a sedentary activity level. Differences in mean intakes and recommended levels
for gender were tested using a two-tailed t test. A p-value of <0.05 was considered
statistically significant.

Multivariable log linear models were created using forward stepwise regression to develop a
parsimonious model of associations between the selected factors and good diet quality,
defined as HEI-2005 score>80.6 Factors were excluded from the model if they did not
explain at least 10% of the variance of HEI-2005. Excluded factors: behavioral factors
related to cooking, distance travelled to major shopping, and frequency of grocery
deliveries; household size; and health status factors related to chronic health conditions,
hypertensive medications, and percent body fat. Only factors included in the final model are
presented in the Results section.
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RESULTS
Characteristics of the study population (n=1306) are shown in Table 1. The population was
predominately female (75.6%), between 60-80 years of age (77.9%), racial/ethnic minorities
(45.6% Black and 23.7% Hispanic), and mostly retired (89.5%); less than a quarter was
married (21.1%), had attended college (22.2%), or had an annual income of >$30,000
(13.7%). More than half had high food security (53.8%). The majority reported being the
primary food shopper (76.7%), shopped at supermarkets at least once a week (64.3%) and
most meals were prepared/consumed at home or senior centers. Few differences were
observed by gender.

HEI-2005 scores and dietary intakes for women and men are shown in Table 2. The mean
HEI-2005 scores were 72.0 (range 32.5-97.5) and 69.4 (range 29.4-95.8) for women and
men, respectively; 27.2% of women and 21.7% of men had HEI-2005 scores >80. Daily
energy intakes were below recommendations; however, both genders consumed adequate
amounts of carbohydrates and protein and were within either the upper range or exceeded
recommendations for percent of calories from total fat, saturated fat, and trans fat, and grams
of added sugar. Both genders exceeded recommended intakes of sodium but had inadequate
intakes of fiber, calcium, magnesium, potassium, zinc, folate, and vitamins A, B6, C, D, and
E. Women also had thiamin intakes slightly lower than recommendations.

The associations between HEI-2005>80 and selected factors are presented in Table 3.
Compared to Blacks, Hispanics were 37% more likely to have HEI-2005 score >80
(Relative risk, RR, 1.37; 95% Confidence Interval, CI: 1.07, 1.75). Lower caloric intake and
adherence to a special diet were associated with good diet quality (RR, 1.23; 95% CI: 1.02,
1.50). Greater frequency of purchasing food at supermarkets was positively associated with
diet quality (once/week: RR, 1.34; 95% CI: 1.04-1.74 and >once/week: RR, 1.36; 95% CI:
1.05-1.78), whereas a negative association was observed consuming at least one meal/day
from a restaurant (RR, 0.69; 95% CI, 0.50-0.94). Being married/living with a partner was
positively associated with HEI-2005 score >80 (RR, 1.37; 95% CI: 1.10, 1.71).

DISCUSSION
This study assessed dietary intakes and estimated the associations between demographic,
economic, behavioral, social environment, and health status factors and dietary quality in a
multi-ethnic, urban population of independently living older adults, aged 60-99 years.
Dietary intakes were similar for both genders; intakes of calories, fiber, and many
micronutrients were below recommendations, while intakes of fats, added sugar, and sodium
were within the upper range or exceeded recommendations. Hispanic ethnicity, adhering to a
special diet, purchasing food at a supermarket at least once/week, eating less than one meal/
day at a restaurant, having a daily intake of less than ~1500 calories, and being married/
living with a partner were independently associated with diet quality.

Nutrient intakes
Mean energy intakes for men and women were below recommended levels and lower than
those reported for independently living older adults participating in NHANES.34,35 Some of
the discrepancy in energy intakes between studies may be due to differences in
characteristics of the study populations. For example, income and age are inversely
associated with energy intakes.16,34 Participants in the current study tended to be older and
have low household incomes, which may have contributed to their lower average energy
intakes. The observed low energy intakes may also be due to under-reporting, which is
common among women and adults who are older, overweight, or less educated.36,37 In one
study of community-dwelling older adults, ages 66-87 years, approximately 25% were
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classified as energy intake under-reporters; however, derived dietary patterns were not
significantly different between analyses that included and excluded under-reporters.37

Despite low energy intakes, the overall pattern of macro- and micronutrient intakes was
similar to those previously described for independently living older adults.3,7-10 The
observed high intakes of fats and added sugars are problematic. High intakes of fats and
added sugar are associated with obesity and diabetes.38 In the US, approximately 35% of
older adults (ages >=65 years) are obese 39 and 27% have diabetes.40 Similarly, high sodium
intakes are associated with age-related adverse health outcomes, including hypertension,
stroke, left ventricular hypertrophy, and proteinuric kidney disease.12 Several studies
support reductions in dietary salt intakes to lower blood pressure and prevent deaths related
to stroke and cardiovascular disease, especially among older adults.12

Low intakes of micronutrients are also of concern. For example, calcium and vitamin D are
critical for maintaining musculoskeletal health and preventing falls, as well as injuries
resulting from falls.11 Additionally, vitamins C and E can act as antioxidants and reduce
damage from age-related oxidative stress, which is a risk factor for endothelial dysfunction,
poor vascular health, and consequent cardiovascular disease.41 Although more than half of
our study population reported taking dietary supplements, which is consistent with estimates
from other studies,42,43 supplement use does not necessarily result in achievement of
adequate intakes.44

Factors Associated with Dietary Quality
Race/ethnicity was the demographic factor most strongly associated with diet quality. These
findings are consistent with those using NHANES data for older adults (>=60 years). In an
analysis of NHANES 1999-2002, Mexican-Americans had significantly higher HEI scores
compared to Blacks.3 Similarly, among participants in NHANES 2003-2004, Hispanics
tended to have higher HEI component scores of total vegetables and dark green/orange
vegetables and legumes compared to Black and whites.2

Among the selected behavioral factors, following a special diet, consuming less than ~1500
calories per day, purchasing food at supermarkets, and eating restaurant meals were
associated with diet quality. Many types of special diets were considered, including those for
weight loss or the treatment of medical conditions, such as diabetes or hypertension. It may
be that these individuals receive dietary advice from a health professional and are
knowledgeable of food and beverage choices and motivated to consume healthy diets.
Consistent with this finding, participants with mean energy intakes of less than ~1500
calories were approximately twice as likely to have good quality diets compared to those
with higher energy intakes. Previous studies suggest that older adults with nutrient-dense
diets tend to have lower energy intakes.8,43,45 For example, in a rural US cohort of older
adults (ages 66-87 years), participants with a high nutrient-dense dietary pattern had lower
energy intakes, higher intakes of fiber, iron, zinc, folate, and vitamins B6, B12, and D, and
higher HEI scores compared to participants with a low nutrient-dense dietary pattern.43

Similarly, among older adults (>65 years) in Spain, those with low energy density diets were
more likely to meet recommendations for dietary fats, fiber, and vitamins and minerals
compared to those with high energy density diets.45

Sources of foods and meals also influenced diet quality. Supermarkets often offer a wider
variety of food items, including healthier food items, and lower prices compared to smaller
food stores.46,47 Though there is limited evidence in older populations, eating food
purchased in supermarkets is associated with healthier diets in younger populations.48,49

Conversely, restaurant meals tend to be large in portion size and high in calories, fat, and
sodium.50,51
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Finally, marital status was the measure of the social environment most strongly associated
with diet quality. Living with a partner is consistently reported as a predictor of adequate
nutrition status among older adults,15 especially among men.52 Due to traditional gender
roles, men who live alone may have difficulty purchasing foods and preparing meals,52

whereas women may be less likely to cook or prepare meals for themselves when they are
alone.15 Other research in older adults shows that the number of people present during a
meal is positively associated with food consumption53 and that men and women who report
eating weekday meals “on lap or on the go” have lower diet quality and lower protein and
iron intakes compared to those who eat at a table.1

These results should be interpreted with respect to the study’s limitations. This is a cross-
sectional analysis of predictors of dietary quality and cannot infer causality. The study
population was composed of mostly healthy, independently living older adults living in an
urban environment and may not be generalizable to other populations of older adults. Lastly,
dietary data was based on a maximum of two 24-hour dietary recalls and may not be
representative of overall dietary intakes.

CONCLUSIONS
Adequate nutrient intakes and optimal nutrition status are critical for the health and welfare
of older adults. Considering that the world’s population of older adults is steadily
increasing54, there is a need to evaluate their diets and identify factors associated with
dietary intakes and quality. In the current study, the majority of older adults living in urban
communities had HEI-2005 scores that fell below the desired cut-point of 80 and many
dietary intakes did not meet recommendations. Hispanic ethnicity, following a special diet,
purchasing food at supermarkets at least once a week, eating less than one meal per day at a
restaurant, being married/living with a partner, and having a daily intake of ~1500 calories
were independently associated with diet quality. These findings are valuable from both
clinical and research perspectives: They identify at-risk groups of older adults, such as
Blacks or those who live alone, who may benefit from individual counseling or dietary
interventions. They also identify specific modifiable behaviors among older adults, such as
eating restaurant meals or shopping at supermarkets, which may be targeted through
counseling or interventions. Future research is needed to confirm these results and determine
how these factors can be targeted or altered to assist older adults in achieving adequate
dietary intakes.
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Table 2

Comparisons of mean (± standard deviation, SD) daily intakes of selected nutrients to dietary
recommendations for women and men participating in the Cardiovascular Health of Seniors and Built
Environment Study (n=1306)

Dietary recommendations for women/men

Women (n=988) Men (n=318)

Mean ± SD Mean ± SD

 HEI >=80 72.0 ± 11.9c 69.0 ± 12.1c

 Total calories (kilocalories) 1600/2000 1205.0 ± 413.9c 1443.8 ± 524.6c

 Percent calories from fat <=30% 29.0 ± 7.4c 29.2 ± 7.5a

 Percent calories from saturated fat <10% 9.7 ± 3.4b 10.1 ± 3.4

 Percent calories from trans fat <1% 1.4 ± 0.9c 1.3 ± 0.7c

 Cholesterol (milligrams, mg) <=300 185.7 ± 121.2c 244.3 ± 171.9c

 Total carbohydrates (grams, g) 130 160.4 ± 57.2c 187.3 ± 72.6c

 Added sugar (g)a 25/38 38.7 ± 30.6c 45.0 ± 41.8b

 Total dietary fiber (g) 21/30 13.3 ± 6.6c 14.8 ± 7.6c

 Total protein (g) 46/56 53.8 ± 18.8c 66.1 ± 25.4c

MINERALS

 Calcium (mg) 1200/1000 564.7 ± 293.2c 683.3 ± 357.4c

 Iron (mg) 8 9.9 ± 5.1c 12.2 ± 6.4c

 Magnesium (mg) 320/420 198.8 ± 78.3c 226.0 ± 88.9c

 Potassium (mg) 4700 1895.6 ± 694.7c 2205.1 ± 892.4c

 Sodium (mg) 1500 1818.7 ± 778.6c 2308.9 ± 1045.2c

 Zinc (mg) 8/11 7.0 ± 3.7c 8.9 ± 4.6c

VITAMINS

 Folate (micrograms, ug) 400 265.1 ± 148.1c 319.8 ± 163.7c

 Niacin (mg) 14/16 15.1 ± 6.4c 18.3 ± 8.1c

 Riboflavin (mg) 1.1/1.3 1.5 ± 0.7c 1.7 ± 0.8c

 Thiamin (mg) 1.1/1.2 1.0 ± 0.5c 1.3 ± 0.6a

 Vitamin A (Retinol Activity Equivalents) 700/900 637.6 ± 756.7b 721.8 ± 751.9c

 Vitamin B6 (mg) 1.7 1.3 ± 0.7c 1.6 ± 0.8b

 Vitamin B12 (ug) 2.4 3.6 ± 4.7c 4.5 ± 5.1c

 Vitamin C (mg) 75/90 71.0 ± 51.2b 80.4 ± 65.1b

 Vitamin D (International Units) 600 150.6 ± 122.7c 208.1 ± 242.8c

 Vitamin E (mg) 15 7.1 ± 6.4c 8.0 ± 7.2c

a
p<0.05;

b
p<0.01;

c
p<0.001
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d
Grams of added sugar was based on the American Heart Association recommendation of <=100 kcal for women (100 kcal/4 = 25 grams) and

<=150 kcal for men (150 kcal/4 = 38 grams)
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Table 3

Associations between demographic, economic, behavioral, social environment, and health status factors and
Heathly Eating Index-2005 score >80 among older adults participating in the Cardiovascular Health of Seniors
and Built Environment Study (n=1030)a

Risk Ratio 95% Confidence Interval

DEMOGRAPHIC FACTORS

 Age

  71-80 years 1.03 (0.81, 1.31)

  81-99 years 1.11 (0.84, 1.46)

 Female 1.18 (0.91, 1.52)

 Race/Ethnicity

  White 1.29 (0.98, 1.71)

  Hispanic 1.37 (1.07, 1.75)b

 Highest grade attended

  High school 0.78 (0.60, 1.01)

  College or greater 1.04 (0.77, 1.39)

ECONOMIC FACTORS

 Annual income > $30,000 1.20 (0.93, 1.55)

 Food security

  High food security 1.34 (0.81, 2.21)

  Marginal food security 1.33 (0.80, 2.21)

  Low food security 0.90 (0.44, 1.83)

BEHAVIORAL FACTORS

 Mean calories

  Very low (500-966 calories) 1.93 (1.36, 2.74)d

  Low (967-1206 calories) 2.18 (1.56, 3.06)d

  Moderate (1207-1512 calories) 1.93 (1.37, 2.71) d

 Adherence to special diet(s) 1.23 (1.02, 1.50)b

 Purchase food at supermarket

  Once a week 1.34 (1.04, 1.74) b

  More than once a week 1.36 (1.05, 1.78) b

 Purchase food at bodega

  Once a week 1.07 (0.84, 1.36)

  More than once a week 0.89 (0.65, 1.22)

 Self as primary food shopper 1.15 (0.89, 1.50)

 Location of meal preparation

  Home 0.93 (0.68, 1.28)

  Community program 1.23 (0.98, 1.54)

  Restaurants or other 0.69 (0.50, 0.94) b

  Government program (delivered) 0.96 (0.56, 1.66)

SOCIAL ENVIRONMENT
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Risk Ratio 95% Confidence Interval

 Married or living with partner 1.37 (1.10, 1.71)c

 Retired 0.83 (0.59, 1.16)

HEALTH STATUS FACTORS

 Mild or severe depression 0.83 (0.61, 1.12)

a
Additional co-viariates entered into stepwise regression that did not meet criteria for final adjusted model: Behavioral Factors included time spent

cooking dinner, cooking abilities, cooks as much as would like, frequency groceries delivered, distance of primary food store from home; Social
Environment variables included the number of people supported by household income; and Health Status Factors included self-reported, doctor
diagnosed hypertension, diabetes, stroke, osteoporosis, arthritis, cancer, and number of hypertensive medications.

b
p<0.05;

c
p<0.01;

d
p<0.001
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