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Abstract: Objectives: To determine household food insecurity and dietary diversity (DD) among seniors in Lubbock, Texas and 
examine the relationships between food security status and DD. Design: Cross-sectional study design. Setting: Lubbock, Texas. 
Participants: 200 seniors (≥ 50 years) randomly selected from seven senior centers and Meals on Wheels. Measurements: Socio-
demographic and economic questionnaire, the validated Household Food Insecurity Access Scale (HFIAS) for food security 
and coping strategies, the validated DD scale for measuring the minimum DD for women (MDD-W), and weight and height 
measurements. P<0.05 considered significant was used for all statistical analyses. Results: The majority of the respondents (59.8%) 
were categorized as food secure. No significant relationships were observed between DD and HFIAS. The linear regression 
analysis carried out on the socio-demographic predictors of food security showed that age,  household income and money spent 
on food per month were predictors of food security (R2= 0.233; p<0.000; SEE=4.462). The number of people in the household was 
the only predictor for DD score (R2= 0.028; p<0.000; SEE=1.929). Conclusions: This study showed a serious problem of household 
food insecurity among seniors in Lubbock, Texas affecting 40% of seniors. The results provide some of the first insights into 
seniors’ food security status and DD.  No relationship could be established between food security status and DD in this study. Only 
household size was a predictor for DD in this study and further research is needed to determine quantity of dietary intakes and 
factors influencing the dietary patterns.
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Introduction 

Seniors represented 14.5% of the total United States 
(US) population in 2014. It is predicted that this number 
will grow to 98 million by 2060, more than double the 
population in 2014 (1). With this growth in the senior 
population, the risk for developing chronic lifestyle 
diseases (CLDs) is also increasing among them (2) 
and this may result in loss of independence, disability 
and poor quality of life (3).  CLDs such as coronary 
and cardiovascular disease, obesity, cancer and type 2 
diabetes, as well as arthritis are among the most common 
and costly health problems in the US. Obesity is also a 
serious public health concern in the US as more than one-
third of adults were obese during 2009-2010 (4). CLDs can 
be prevented through proper nutrition forming part of a 
healthy lifestyle (3).

Food insecurity means that people do not have 
“physical, social and economic access to food of sufficient 
quantity and quality in terms of variety, diversity, 

nutrient content and safety to meet their dietary 
needs and food preferences for an active and healthy 
life, coupled with a sanitary environment, adequate 
health, education and care” at all times (5). Seniors 
often consume inadequate quantities of food mainly 
due to food insecurity. The cause of food insecurity is 
multifactorial, among them are social support, budgetary 
constraints, and often also ethnicity and gender (6, 7).  
The threat of hunger, thus food insecurity, among seniors 
has increased by 47% from 2001 to 2014 in the US (8). 
This is consistent with another study that found that 
nearly 8.5% of seniors had limited or uncertain access 
to adequate food for sustaining a healthy lifestyle (9). 
Despite the availability of Social Security funds, 
Medicare and food assistance programs, seniors with 
limited resources are very vulnerable to food insecurity 
when having to cope with various health, social and 
nutrition challenges (10). Furthermore, malnutrition 
is also higher among the aforementioned groups of 
seniors as well as those with a disability (9). Poor dietary 
intakes and malnutrition among seniors are exacerbated 
by poor sensory function, digestive disorders, reduced 
physical activity, disabilities, and established poor 
food consumption habits (11). Malnutrition is often 
unrecognized and neglected (12, 13) in seniors and under 
nutrition should be one of the main causes of concern 
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for seniors due to its association with  morbidity and 
mortality (9).  

Dietary diversity (DD) has been identified as a key 
predictable element of high quality diets in terms of 
nutrient adequacy globally. As a result, in most countries 
a diversified diet is prescribed as one of the dietary 
guidelines to improve health (14, 15). Resource-poor 
communities usually experience difficulty in achieving 
DD as they can consume a monotonous diet (14, 16). It is 
difficult to achieve food and nutrition security and DD 
when consuming monotonous diets as diets with few 
food groups are often deficient in multiple micronutrients 
and also have a relatively poor protein quality due to 
limiting amino acids (17). Diversified diets are thus 
necessary for the achievement of balanced nutrient intake 
for optimal nutrition.  Optimal nutrition is essential for 
functional health status and mental well-being in seniors 
(14). In seniors, dietary diversity are influenced by many 
factors such as medical, socio-economic, functional status 
and other age-related challenges (15).

Studies on food insecurity and diet quality in terms 
of diversity among seniors in the US, specifically for 
Texas, are scarce (6). The purpose of this paper is to 
provide evidence of household food insecurity and poor 
dietary diversity among seniors in Lubbock, Texas and 
will examine the relationships between food security 
status and diet quality, measured as DD.

Methods

Study Design

A cross-sectional study design was used. The 
Institutional Review Board (IRB) at Texas Tech University 
approved the study (505619).  Before the cross-sectional 
data collection, a feasibility assessment survey was 
conducted. The researchers visited Lubbock Meals on 
Wheels, five public senior centers serving congregated 
meals, a homestead and a live-in senior community to 
explain the objectives of the project and to acquire consent 
for the project from the center management. 

Respondents and Sampling

A sample size calculation (18) was used at a 95% 
confidence level and confidence interval of 7.5. A 
statistically representative sample size of 170 seniors 
was required and, anticipating possible non-response 
or incomplete surveys, 200 seniors (≥ 50 years) were 
randomly selected from those who gave informed 
consent. A total of seven senior centers and Meals on 
Wheels were randomly selected and 25 respondents from 
each were selected.

Data Collection and Tools

Measurements were taken during June and July 2016. 
Demographic variables collected included ethnicity, 
educational status, gender, age, household income and 
household size (1, 8).

Food security and coping strategies were assessed 
using the validated Household Food Insecurity Access 
Scale (HFIAS) which has nine dichotomous (Yes/No) and 
nine  follow-up questions to indicate severity [(1=Rarely 
(1-2 times); 2=Sometimes (3-10 times) and 3=Often (more 
than 10 times)]. The food security and access situation 
for the one month prior to the data collection date was 
collected. The procedures as described by Coates and 
co-authors were followed to calculate HFIAS and the 
HFIAS score (19). Other food security and access related 
questions included mode of transportation, seniors’ 
perception on changes that will improve the access to 
food and their participation in food assistance programs, 
and an open-ended question on what foods they will buy 
if they had more money.

Dietary diversity was assessed using the validated 
DD (20) scale for measuring the minimum dietary 
diversity for women (MDD-W) for the 24 hours prior to 
the interview. This tool constitutes ten nutritious food 
groups namely; 1) Grains, white roots and tubers, and 
plantains 2) Pulses (beans, peas and lentils) 3) Nuts and 
seeds 4) Dairy 5) Meat, poultry and fish 6) Eggs 7) Dark 
green leafy vegetables 8) Other vitamin A-rich fruits and 
vegetables 9) Other vegetables, and, 10) Other fruits. Each 
group was expanded using the available foods in Texas. 

 Weight was measured using a scale to the nearest 
0.1kg and height measured to the nearest 0.1cm using a 
calibrated stadiometer. The weight and height was used 
to calculate their body mass index (BMI). Precautions 
were taken to ensure consistent measurements for all 
seniors (21). The seniors were also asked if any chronic 
condition or disability was prevalent at the time of the 
survey. 

Statistical Analysis

A complete database for 184 seniors was used for data 
analyses using the IBM SPSS, version 23 with p<0.05 
considered significant for all statistical analyses. Linearity 
regression was used to test all continuous variables for 
normality. Most variables were normally distributed.  
Demographic data were analyzed for frequencies and 
means and standard deviations (SDs). 

The HFIAS score was calculated by adding the sum 
of all follow up questions (1a to 9a) testing the severity 
of food insecurity. Thus the score is anything between 0 
and 27. Individual food insecurity levels were grouped 
according to four ordinal categories; 1=Food Secure, 
2=Mildly Food Insecure Access, 3=Moderately Food 
Insecure Access, 4=Severely Food Insecure Access (19). 
Frequencies were calculated for prevalence rates as well 
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as for the coping strategies for all the groups. 
DD was measured by allocating a score of “1” for 

eating at least one food from a food group. The total score 
ranged from (0-10) and using intakes, individuals were 
grouped into low DD (1-4 food groups) and adequate DD 
(5-10 food groups) groups.  The mean±SD was calculated 
for each of the food groups, indicating the individual food 
group diversity scores (FGDS).

BMI was calculated as weight (kg) divided by height 
squared (m2). Using the World Health Organization 
(WHO) guidelines, the BMI was categorized as 
underweight (<18.50kg/m2), normal (18.50 - 24.99 kg/m2), 
overweight (25.00 - 29.99kg/m2) and obese (≥30.00 kg/m2) 
(22-25).

Independent samples t-tests (nominal data) and 
linear by linear chi-square associations (categorical data) 
were done to determine significant differences between 
the food security groups. Pearson and Kendall Tau 
correlations were calculated for nominal and categorical 
data respectively. To assess the difference between 
seniors with low and adequate DD, chi-square was 
used in analysis for categorical data and the Bonferroni 
adjustments done. The t-test was used to find the mean 
difference between continuous variables such age, 
income, number of household members, body mass index 
and HFIAS score. Levene’s test for equality of variance 
was used. To understand the predictors of household 
food security status (food security and food insecurity), 
linear regression (age in years, household monthly 
income, household monthly expenditure on food) and a 

binary logistic regression (gender, ethnicity, education 
status) was carried out with those dependent variables 
that had a significant correlation with household 
food security status. Regression analysis showed no 
significance when all the confounding variables were 
adjusted with household food insecurity status. 

Results

The mean±SD age of the respondents was 72.6±10.8 
years. More men (n=103, 56.0%) than women (n=81, 
44.0%), participated in the study. The ethnic distribution 
was mainly white (49.5%), Hispanic (24.2%) and African 
American (22.6%) respondents. The main source of 
income was from Social Security grants for the majority 
of the respondents (80.3%); however, 9.8% received 
income from another pension fund. The mean±SD 
monthly household net income of the respondents was 
$2,014.75±2,124.96. A statistically significant difference 
(p<0.001) in household income was observed between 
the food secure and different food insecure groups. The 
mean±SD monthly household income was $2,801±2,506 
for food secure, but lower for food insecure groups 
at $970±446 for mildly, $966±387 for moderately and 
$832±209 for the severely food insecure group.  The 
same trend was observed for the amount spent on food 
monthly (Table 1).  The food insecure groups participated 
in more food assistance programs than the food 
secure group (p<0.001).   The mean±SD monthly food 
expenditure was significantly different (p<0.001) between 

Table 1
Socio-economic parameters compared across the food security groups (n=*184)

Variables Total group 
(n=*184)

Food secure 
group (n=110; 

59.8%)

Mildly food 
insecure group 
(n=23; 12.5%)

Moderately 
food insecure 
group (n=32; 

17.4%)

Severely food 
insecure group 
(n=19; 10.3%)

Significance of  
differences 

between the groups 
p

Prevalence (%)/ 
Mean±SD

Prevalence (%)/ 
Mean±SD

Prevalence (%)/ 
Mean±SD

Prevalence 
(%)/ Mean±SD

Prevalence (%)/ 
Mean±SD

Age 72.5±10.9 75.6±10.9 71.4±10.4 68.2±7.7 63.2±8.1 <0.001

Number of household members 1.6±0.8 1.6±0.8 1.7±0.8 1.8±1.1 1.3±0.5 0.288

% of seniors living alone 53.8 54.5 43.5 53.3 63.2 0.288

Gender: 0.911

Women 44.6 41.8 47.8 46.9 47.4

Men 55.4 58.2 52.2 53.1 52.6

Monthly household income ($) 2,014.75±2,124.96 2,801.02±2,505.52 970.42±445.59 965.83±387.13 831.90±209.13 <0.001

Monthly food expenditure ($) 228.93±151.09 274.45±161.31 241.17±149.41 145.79±89.38 145.97±84.88 <0.001

Participation in food assistance 
programs (%)

37.1 20.9 56.5 46.9 94.7 <0.001

One 17.7 10.0 21.7 28.1 42.1

Two 12.9 7.3 26.1 12.5 31.5

Three 4.8 3.6 8.7 6.3 5.3

Four 1.6 0.0 0.0 0.0 15.8

HFIAS 3.4±5.3 0.0±0.1 5.1±2.6 7.1±3.4 14.7±4.8 <0.001

* 2 missing values for food security
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the groups with $274±161for food secure, $241±149 for 
mildly, $146±89 for moderately and $146±85 for severely 
food insecure seniors. 

Prevalence of food insecurity

The majority of the respondents (59.8%) were 
categorized as food secure (HFIA1), with 12.5% 
categorized as mildly (HFIA2), 17.4% moderately (HFIA3) 
and 10.3% severely food insecure (HFIA4). The coping 
strategies employed by the food insecure groups showed 
a significant (p<0.001) difference between the groups. The 
results in Figure 1 show that respondents from all the 
food insecure groups indicated that they worried about 
food not being enough in the household. Several coping 
strategies were used progressively as food insecurity 
status deteriorated. None of the coping strategies in the 
HFIAS scale were employed by the food secure group.

Figure 1 
Coping strategies employed by the food insecure groups

Dietary diversity

In total, 115 different foods were consumed by the 
respondents during the 24-hour period prior to data 
collection. The cereal group showed the most diversity, 
ranging from a mean±SD intake of 2.53±1.65 and 
3.39±1.96 food items consumed in the severely food 
insecure and food secure groups respectively. A trend 
was observed that the FGDS became progressively 
lower as food security status deteriorated for all 
the food groups, except for the nuts and seeds food 
group, however, not significant. Significant differences 
between the groups were only observed for the eggs 
(p=0.038) and other fruit (p=0.039) groups. No significant 
difference (p=0.291) in DDS was observed between the 
groups, however, in the food secure group, 29.7% of 
the respondents did not include 5 or more groups, also 
indicating poor DD.

From Table 3 socio-demographic data of the senior 
citizens indicate that more males had low DD compared 
to women (p=0.005). Interestingly, the educational status 
was not significantly associated with DD. Low DD was 
observed in those respondents that were widowed/
widowered and divorced. Married seniors were also 
more likely to have a higher DD. Non-Hispanic white 
seniors were more likely to have low DD (21.0%). Having 
a chronic condition was significantly associated (p=0.012) 
with DD, almost a similar proportion 30.6% for low DD 
compared to 46.2% for adequate DD. Seniors with low 
DD also seem to have a lower median age, monthly 
income, monthly budget for food and number of hours 
spent working. The seniors' source of income was also 
associated with DD and the highest proportion being 
among seniors on social security (p=0.027). Participating 

Table 2 
Food group diversity scores (n=*184)

Groups (Minimum; maximum) Total group 
(n=*184)

Food secure group 
(n=110; 59.8%)

Mildly food 
insecure group 
(n=23; 12.5%)

Moderately food 
insecure group 
(n=32; 17.4%)

Severely food 
insecure group 
(n=19; 10.3%)

Significance 
of  differences 
between the 

groups 

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD p

Cereal (0; 14) 3.18±1.75 3.39±1.96 3.13±0.87 2.88±1.41 2.53.±1.65 0.155

Dried beans and peas (0; 3) 0.20±0.44 0.22±0.48 0.22±0.42 0.19±0.40 0.11±0.32 0.774

Nuts and seeds (0; 3) 0.20±0.44 0.22±0.55 0.13±0.34 0.28±0.58 0.32±0.58 0.656

Dairy (0; 6) 1.03±0.98 1.05±1.04 1.04±0.98 1.09±0.86 0.84±0.83 0.836

Meat, fish and chicken (0; 7) 1.52±0.95 1.45±0.89 1.91±1.28 1.56±0.95 1.42±0.77 0.182

Eggs (0; 1) 0.29±0.45 0.25±0.44 0.39±0.50 0.44±0.50 0.10±0.32 0.038

Vitamin A-rich dark green leafy vegetables (0; 2) 0.10±0.32 0.15±0.39 0.00±0.00 0.06±0.25 0.00±0.00 0.054

Vitamin A-rich fruit and vegetables (0; 4) 0.30±0.58 0.30±0.61 0.48±0.59 0.31±0.54 0.11±0.32 0.226

Other vegetables (0; 13) 1.68±1.99 1.79±1.91 2.13±3.25 1.34±1.38 1.11±0.99 0.260

Other fruit (0; 18) 1.42±2.12 1.39±1.71 2.52±4.07 1.03±1.51 0.95±1.31 0.039

DDS (1; 10) 5.67±1.15 4.85±2.14 5.30±1.26 4.94±1.54 4.16±1.89 0.291

% of respondents with DDS<5 32.6% 29.7% 26.1% 37.5% 47.4%

* 2 missing values for food security
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Table 3
 DD versus Demography

Dietary Diversity Total population 
(N=186)

<5 food groups
70 (37.6%)

≥ 5 food groups 
116 (62.4%)

p-value

Gender *0.005

  Female 83 (44.6) 22 (11.8) 61(32.8)

  Male 103 (55.4) 48 (25.8) 55 (29.6)

Education 0.565

  None 2 (1.1) 2 (1.1) 0 (0.0)

  Elementary  school 47 (25.4) 17 (9.2) 30 (16.2)

  Certificate 71 (38.4) 26 (14.1) 45 (24.3)

  Undergraduate 35 (18.9) 15 (8.1) 20 (10.8)

  Master 20 (10.8) 7 (3.8 ) 13 (7.0)

  PhD Studies 4 (3.2) 2 (1.1) 2 (1.1)

  Other forms of Study 6 (3.2) 1 (0.5) 5 (2.7)

Marital status 0.208

  Single 27 (14.5) 10 (5.4) 17 (9.1)

  Married 62 (33.3) 19 (10.2) 43 (23.1)

  Widowed/Widowered 63 (33.9) 25 (13.4) 38 (20.4)

  Divorced 32 (17.2) 15 (8.1) 17 (9.1)

  Living with partner 2 (1.1) 1 (0.5) 1 (0.5)

Ethnicity 0.587

  American Indian/ Alaska Native 3 (1.6) 1 (0.5) 2 (1.1)

  African  American/Black (Non-Hispanic/Latino) 42 (22.6) 13 (7.0) 29 (15.6)

  Hispanic/ Latino 45 (24.2) 15 (8.1) 30 (16.1)

  Asian 1 (0.5) 1 (0.5) 0 (0.0)

  Non-Hispanic White 92 (49.5) 39 (21.0) 53 (28.5)

  Others 3 (1.6) 1 (0.5) 2 (1.1)

Chronic condition *0.012

  No response 5 (2.7) 4 (2.2) 1 (0.5)

  Yes 143 (76.9) 57 (30.6) 86 (46.2)

  No 38 (20.4) 29 (15.6) 9 (4.8)

Income Source * 0.027

  0 (no income) 2 (1.1) 2 (1.1) 0 (0.0)

  Full time 3 (1.6) 1 (0.5) 2 (1.1)

  Part-time 4 (2.2) 2 (1.1) 2 (1.1)

  Social Security 147 (80.3) 58 (31.7) 89 (48.6)

  Loans 1 (0.5) 0 (0.0) 1 (0.5)

  Other pension 18 (9.8) 5 (2.7) 13 (7.1)

  Other sources of income 8 (4.4) 1 (0.5) 7 (3.8)

Assisted programs

  Food bank 30 (16.1) 12 (6.5) 18 (9.7) 0.461

  SNAP 42 (22.6) 19 (10.2) 23 (12.4) 0.165

  Other community program 68 (36.6) 32 (17.2) 36 (19.4) *0.032

*Food Security 0.421

  Food secure 110 (59.8) 43 (23.4) 67 (36.4)

  Food insecure 74 (40.2) 27 (14.7) 47 (25.5)
SD is standard deviation, * Statistically significant
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in food assistance programs were not significantly 
associated with DD, but respondents participating in 
community food programs were significantly (p=0.032) 
higher in the adequate (19.4%) compared to poor (17.2%) 
DD group. 

Nutritional status

The results in Figure 2 show that no significant 
(p=0.281) differences in BMI were observed between the 
groups. The majority of the respondents were overweight 
or obese. However, a higher prevalence of underweight 
was observed in the food insecure groups.

Figure 2 
Distribution of BMI categories within food security levels.

No significant relationships were observed between 
DD and HFIAS (proxy for food security status) 
or nutritional status (BMI). A significant positive 
relationship between DDS and the number of people in 
the household (r=0.136; p=0.031) existed.  Furthermore, 
a significant positive relationship was also observed 
between HFIAS score and participation in food aid 
programs (r=0.441; p<0.001) and all the coping strategies 
(p<0.001) whereas an inverse relationship was observed 
between HFIAS score and age (r=-0.290, p<0.001), 
monthly household income (r=-0.468, p<0.001), monthly 
food expenditure (r=-0.285, p<0.001) and no food 
assistance participation (r=-0.357, p<0.001) (Table 4). 

The linear regression analysis carried out on the socio-
demographic predictors of food security (HFIAS) showed 
that age and household income and money spent on 
food per month were predictors of food security (R2= 
0.233; p<0.000; SEE=4.462). The number of people in the 
household was the only predictor for DDS (R2= 0.028; 
p<0.000; SEE=1.929).

Discussion

To our knowledge, this is the first study in which 
the relationship between food insecurity and DD has 
been assessed in a sample of seniors in Lubbock, Texas. 
Consuming a variety of foods (DD), is considered a key 
indicator of nutrient  adequacy (14), which is apparent 
from the 2015-2020 Dietary Guidelines for Americans 

focusing on variety in all food groups (26). 

Table 4 
Significant relationships among variables

Variables Correlation 
(r)

Significance 
(p)

HFIAS (proxy for food in/security) with:

Age -0.290 <0.001

Household income -0.468 <0.001

Monthly food expenditure -0.285 <0.001

Food aid participation 0.441 <0.001

No participation in food aid programs -0.363 <0.001

Worry about not having enough money for food 0.609 <0.001

Not able to consume preferred foods 0.769 <0.001

Only consuming few kinds of foods 0.789 <0.001

Consuming foods not wanted 0.779 <0.001

Cutting portion sizes 0.571 <0.001

Consuming fewer meals 0.542 <0.001

No food in the household at a particular time 0.345 <0.001

Went to sleep feeling hungry 0.345 <0.001

Not consuming food for a whole day 0.203 0.006

Cereal FGDS -0.142 0.031

Vitamin A Dark Green Leafy Vegetables FGDS -0.195 0.008

*BMI with age -0.121 0.040

#DDS with number of people in the household 0.136 0.031

*Age was adjusted for and #household size was adjusted for in the correlation

In 2014, 1.1 million (3.2%) of households with seniors 
aged 65 and older were food insecure in America (27). 
This study found a much higher prevalence of food 
insecurity with 12.5% of the seniors participating in this 
study being categorized as mildly, 17.4% as moderately 
and 10.3% as severely food insecure respectively. Food 
insecurity is often associated with poor dietary intakes 
due to a lack of resources to access a healthy diet (10, 
28). The mean monthly household income of the food 
secure seniors in this study of $2,801.02 was significantly 
higher than the household income for the food insecure 
groups. Similarly, the amount spent on food per month 
of $274.45 in the food secure group was significantly 
higher than for the food insecure groups. The results 
further indicated that the monthly household income 
and money spent on food was getting significantly 
and progressively lower as the food insecurity status 
deteriorated as confirmed by the significant inverse 
correlation between monthly household income and 
money spent on food with food security status. The 
US Department of Agriculture (USDA) focuses on 
empowering households to make healthier food choices 
by providing science-based advice, while expanding the 
availability of healthy food through farmers markets 
and food assistance programs (29) through federal food 
assistance programs designed to address food insecurity 
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among specific populations, including seniors (30).  In 
this study, a fifth of the food secure group participated in 
food assistance programs compared to 56.5% and 46.9% 
of the mildly and moderately food insecure groups. The 
food insecure groups had respondents participating in 
one, two or three food assistance programs respectively. 
Almost all of the severely food insecure group (94.7%) 
had respondents participating in one (42.5%), two 
(31.5%), three (5.3%) and even four (15.8%) different food 
assistance and community programs. This was confirmed 
by the significant positive relationship between food 
insecurity and food assistance and community program 
participation observed in this study.

USDA also provides information on shopping 
strategies and meal planning to help families consume 
affordable and nutritious meals through its Thrifty Food 
Plan (29). The thrifty food plan consists of a nutritious, 
minimal-cost diet (31). The median daily amount spent 
on food per person ranged from 10.39-$2.45 for the food 
secure group, compared to $9.43-$1.41, $5.76-$0.72 and 
$6.4-$1.42 for the mildly, moderately and severely food 
insecure groups accordingly. This translates into only 
the food secure and mildly food insure seniors being 
able to afford a thrifty food plan costed as $6.04 per 
person per day in February 2017 (32). Food insecurity is 
often associated with poor diet quality in seniors (28). 
Furthermore, a meta-analysis has shown that healthier 
food-based diet patterns cost about US$1.50 per day more 
than less healthy diet patterns in 2013. The same study 
asserts that the relatively higher cost of healthy foods may 
influence the quality of diet in resource-poor populations 
(33). The food insecure respondents in this study are 
thus at risk of not consuming a healthy diet.   Our results 
were comparable to a study in Australian seniors where 
no significant relationship between food security status 
and diet quality was observed (2).  However, the mildly 
food insecure group in this study was the only group that 
had a DDS of 5.30, indicating marginal dietary diversity. 
The food secure as well as the moderately and severely 
food insecure groups indicated a low DDS and thus an 
implicated suboptimal nutrient adequacy. Whole grains, 
seafood, lean meat, low-fat milk and fresh vegetables 
and fruit are bought more frequently by the higher 
income groups compared to more cereals, pasta, potatoes, 
legumes and fatty meats by the lower income groups (34). 

In this study, food procurement patterns were not 
investigated, however, the FGDS for the cereal, dried 
beans and peas, vitamin A-rich dark green leafy 
vegetables, other vegetables and other fruit groups were 
lower than the food secure group in the moderately and 
severely food insecure groups, however, not significant. 
No significant relationship between DDS and any of the 
variables, including food insecurity, could be established, 
except for a significant positive relationship with the 
number of people in the household. In this study, the 
majority of the seniors had suboptimal dietary diversity, 
including the food secure group. Research has shown 
that food insecure seniors had lower nutrient intakes 

and that food insecurity could lead to both over- and 
under nutrition (2).  In this study, 30.4% and 40.0% of the 
seniors were overweight and obese respectively. Only 
8.9% of the seniors were underweight. No significant 
differences were observed in DDS and food security 
status between seniors' BMI levels. It is thus not clear if 
food insecurity was a cause or outcome of poor DD and 
nutritional status. It was estimated that suboptimal diet 
quality accounted for 4% of all disability-adjusted life 
years in 2010 in the USA (33) and diet quality should 
not be disregarded, especially in seniors who already 
have compromised health. Research has further shown 
that resource-poor seniors have poorer quality diets and 
are more at risk of nutrition-related CDLs than those in 
the higher income groups (35, 36). In this study, 20.4% 
of the seniors reported prevalence of one or more CDL. 
Research has also shown inverse relationships between 
DD with CDLs such as hypertension, obesity, metabolic 
syndrome and cardiovascular diseases (15). Similarly, we 
found a significant relationship between having a chronic 
condition and DD in our study sample. It is well known 
that good nutrition is important for both prevention and 
management of chronic diseases (37).

Various coping strategies were employed by the food 
insecure groups that could exacerbate the impact of 
food insecurity and diet quality in the short and long 
term (38). Worrying about not having enough food in 
the household was experienced by 47.8% of the mildly 
food insecure respondents compared to 43.8% and 
73.7% of the moderately and severely food insecure 
respondents respectively. This finding was confirmed 
by the positive correlation about food insecurity and 
worrying about enough food in the household.  Severe 
coping strategies were employed by progressively more 
respondents as food insecurity levels deteriorated. The 
majority of the respondents in all three food insecure 
groups employed consumption of only a few kinds of 
foods, not eating preferred foods and consuming foods 
that the respondents did not really want. All the coping 
strategies were significantly associated with food 
insecurity levels. Food insecurity can affect nutrient 
intakes in part as a result of decreased nutrient intakes 
(9) which was confirmed in this study with the majority 
of the moderately (68.8%) and severely (73.3%) food 
insecure groups cutting portion sizes and 31.3% and 
68.4% respectively consuming fewer meals. The majority 
of the severely food insecure group further experienced 
times when there was no food in the house during the 
previous month with a third and a fifth who went to sleep 
hungry and had to go a whole day without food during 
the previous month respectively.

A limitation of this study is the recruitment from senior 
centers providing congregate and home delivery meals. 
The results can thus not be generalized to seniors in 
general. Furthermore, this was a cross-sectional study and 
no causal pathways between food insecurity and dietary 
diversity could be drawn. Longitudinal studies are thus 
recommended to further explore relationships.
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Conclusion

This study points to a serious problem of household 
food insecurity among seniors in Lubbock, Texas affecting 
four out of every 10 seniors.  The results of this study 
provide some of the first insights into their food security 
status and DD.  Suboptimal DD was found among both 
food secure and food insecure seniors, however, no 
relationship could be established between food security 
status and DD in this study. Only household size was 
a predictor for DD in this study and further research 
is needed to determine quantity of dietary intakes and 
factors influencing the dietary patterns. Furthermore, 
appropriate interventions, such as nutrition education 
and possible food production strategies, should be 
implemented among seniors either at a community 
or household level to address suboptimal DD and the 
high prevalence of food insecurity. Food procurement, 
preparation and meal planning skills could be included 
as part of the nutrition education interventions. These 
interventions may provide special focus on male seniors 
who live alone. The importance of DD in alleviating 
nutritional problems and related diseases should also be 
included (39) in such education programs.
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