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Some of the most pressing global crises faced by society are the rise in
chronic diseases and climate change. Plant-based diets (PBDs) have become an
important part of the sustainability discussion affecting all four 4 domains: nutrition
and health, environment, economics, and society. Due to this, it has been offered as
one possible solution to the burden of noncommunicable diseases, environmental
concerns, and potential economic stressors. Additionally, the growing older adult
population presents further challenges. Although research on PBDs and health has
grown in recent decades, studies on older adults, particularly those with chronic
conditions, remain scarce despite the potential impact.

Broadly, this research focuses on PBDs in hypertensive older adults as a
substudy under the Dietary Approaches to Stop Hypertension-Plus (DASH-Plus)

initiative. The DASH-Plus was developed in partnership with the University of



Maryland Extension (UME) system and is a community-based program to help
hypertensive, community-dwelling, older adults manage their blood pressure (BP).
Using a quasi-experimental design, eight intervention senior centers and eight
corresponding control sites were recruited in Maryland and participated in the study.
Data was collected at three time points: baseline (week 0), intermediate (week 9), and
final (week 24) at participating sites. A total of 212 participants were enrolled in the
study.

First, baseline data from the DASH-Plus study was used to examine
psychosocial factors and demographic characteristics associated with a healthy PBD
consumption among hypertensive older adults (>60 y), and factors that potentially
influence the likelihood of adopting a plant-based dietary pattern in the future were
identified. This was followed by assessing readiness to consume a PBD. Using
longitudinal data collected at three time points, we evaluated the DASH-Plus
program’s impact on participants’ readiness levels and associated psychosocial
factors. We focused particularly on perceived barriers and benefits, as these factors
serve as critical variables affecting an individual’s decisional balance within the
Transtheoretical model (TTM) and represent key constructs in the Health Belief
Model (HBM) when discussing dietary behavior changes. In addition, specific
perceived benefits and barriers pertaining to this population were identified. Finally,
the changes in consumption of healthy plant-based foods were evaluated to assess the
effectiveness of the DASH-Plus program in shifting older adults toward a healthy

PBD.



Through these investigations, our cross-sectional analysis of baseline data
revealed that older adults who lived with family members (spouse/partner and/or
children), were in a higher stage of change (action/maintenance stages) to consume a
PBD, had fewer perceived barriers, maintained better hypertensive, self-care practices
(medication adherence, low-salt diet, physical activity, and smoking), and had fewer
chronic conditions were more likely to consume a PBD. When readiness to consume
a PBD was more closely examined to understand behavior changes resulting from the
DASH-Plus program, perceived barriers and perceived benefits to consuming a PBD
were found to be key determinants. The DASH-Plus program effectively elevated
PBD readiness at 9 weeks, but these effects diminished at 24 weeks. Similarly, when
changes in PBD intake were examined, there were significant increases in plant-based
food consumption at 9 weeks, but these were also not sustained at 24 weeks.
Increased self-care, higher education levels, lower number of medical conditions, and
less PBD barriers were found to be key predictors influencing PBD consumption.

While the DASH-Plus program effectively increased both PBD readiness and
consumption in the short term, these effects declined by the 24-week follow-up. The
intervention demonstrated the potential to influence dietary shifts toward more plant-
based eating patterns among older adults; however, these findings underscore the
need for further research to explore strategies for maintaining these changes over the
long term. Possible strategies could involve increasing the duration of the
intervention, the frequency of sessions, total didactic hours, adding booster sessions,
and other supportive measures. Future studies should also consider targeting key

factors related to PBD adoption, including reducing perceived barriers, providing



education tailored to various educational levels, and offering additional social support
for older adults living alone or with non-family members. These approaches may help
older adults with chronic diseases successfully incorporate more healthy plant-based

foods into their diets.
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Chapter 1: Introduction

1.1 Problem statement and rationale

Among the rise in chronic diseases, cardiovascular disease (CVD) remains the leading
cause of morbidity and mortality in the US and globally.! Arterial hypertension is a major risk
factor for CVDs such as ischemic heart disease, heart failure, cerebrovascular disease and other
comorbidities including end-stage renal disease. Chronically elevated blood pressure (BP) not
only represents a significant risk factor for cardiovascular complications but also threatens
cognitive functionality and autonomy with senescence.? Prevalence is highest in older adults
aged 65 or older, the National Health and Nutrition Examination Survey (NHANES) reported
that around 66.6% of adults 65 years old or older have hypertension,* and during August 2021
August 2023 the US Centers for Disease Control and Prevention’s National Center for Health
Statistics estimated that the prevalence of hypertension was 71.6% for older adults (>60 years).°

This population is also one of the fastest growing demographics. By 2060, almost 1 in 4
people are projected to be aged >65 years old.® With increased life expectancy, those aged >80
years old will also have tripled by 2050.” Furthermore, many non-communicable chronic
diseases including cardiovascular disease, arthritis, cancer, and dementia markedly increase with
advancing age and disproportionately affect older adults. Almost 95% of older adults (=60 years)
have at least one chronic disease, and close to 80% have two or more.® The intersection of an
aging population and the rise in chronic diseases poses a complex global challenge to the

sustainability of healthcare systems with far-reaching societal consequences. In response to this



urgent concern, the initial approach should prioritize nonpharmacological interventions focused
on modifiable lifestyle elements, such as diet, nutritional behavior, and physical activity.

In terms of diet, plant-based diets (PBDs) have been proposed as one solution in the
nutrition and health domain, but also across the environmental, economic, and societal
sustainability domains. This research presents the findings of a study that aims to provide a better
understanding of the psychosocial and demographic characteristics of this population who
consume a more PBD, and to assess the DASH-Plus program for its effect on readiness to
consume a PBD through decisional balance between perceived barriers and benefits as well as

the program’s effect on reported PBD consumptions.

1.2 Research objectives

The overall objective of this study was to explore the challenges and strategies related to
plant-based dietary patterns in community-dwelling older adults with hypertension in order to
preserve this vulnerable population’s wellbeing. To achieve this objective, three primary aims

were developed:

Aim 1.
Examine the psychosocial factors and demographic characteristics associated with a healthy
plant-based diet (PBD) consumption among hypertensive older adults (>60 y) and identify
factors that potentially influence the likelihood of adopting a plant-based dietary pattern in the
future.

To provide a better understanding of this population’s heterogeneous dietary habits in

regard to a PBD, the underlying psychosocial factors and demographic characteristics associated



with a higher PBD consumption were examined. These findings helped identify variables that

influenced their dietary behaviors towards a more plant-based dietary pattern.

Aim 2.

Assess the effect of the DASH-Plus intervention on participants’ readiness to consume a plant-
based diet (PBD) and identify key socioeconomic and psychosocial factors including perceived
barriers and benefits that predict readiness levels, using longitudinal data collected at three-time
points.

Changing behavior including dietary habits can be challenging. Research has shown that
behavior change is deeply influenced by personal perceptions and psychological readiness. The
stages of change of the transtheoretical model (TTM) and its auxiliary principle of decisional
balance have been shown to modify behavior. The most important perceived barriers and
benefits of consuming a PBD for this population were also identified for this population. It was
hypothesized that increasing perceived benefits while decreasing perceived barriers will lead to

increased readiness to consume a PBD with the DASH-Plus intervention.

Aim 3.
Evaluate the effectiveness of the DASH-Plus program in promoting a plant-based diet (PBD)
consumption and identify key predictors influencing adoption outcomes in older adults (=60
years) with hypertension, utilizing longitudinal data from three time points.

As older adults participated in the DASH-Plus program, their PBD consumption was
measured at three time points using a short, validated 15-item questionnaire. This provided their

general dietary pattern that differentiated a healthy PBD from an unhealthy one. Using this

3



survey, the dietary changes among the three time points for each arm (intervention and control)
were assessed. Specifically, a focus on the DASH-diet education portion of the DASH-Plus
intervention was assessed as a possible strategy to increase plant-based consumption in older
adults. Analysis of this data also identified key determinants that influenced a plant-based dietary
pattern in older adults. While previously, behavior mediators were analyzed, this study aimed to
assess the dietary behaviors more directly. The findings of this study will also help tailor future
interventions with the overall goal to help manage chronic diseases including hypertension in

older individuals using a PBD.

1.3 Project overview

The research studies contained in this dissertation examined the various factors
associated with PBDs in the older adult population (>60 years old). The baseline data collected
for the DASH-Plus project was used to better understand the population's psychosocial and
demographic characteristics (e.g. gender, socioeconomic status (SES), education) of individuals
consuming a more PBD. Previous research was used to determine the factors most likely to
influence the adoption and possible adherence to a PBD in older adults. Conversely, it also
provided information about potential groups who were less likely to consume a PBD and the
potential challenges (perceived barriers) they faced.

With this general overview of the population and the associated characteristics in terms
of PBDs, a closer examination of the determinants into dietary behaviors ensued. Specifically,
the stages of change (readiness), which are known to influence behavior change, were examined
in conjunction with the associated core principles of decisional balance, the perceived benefits

and barriers of consuming a PBD in older people. The strongest perceived benefits and barriers



identified can also inform future strategies to help with dietary modifications toward a more
plant-based dietary pattern in this group. These effects were observed in the context of the
DASH-Plus program.

Finally, the DASH-Plus program’s effect on the consumption of PBD was also assessed.
The changes in healthy plant-based foods were measured through a validated food frequency
questionnaire (FFQ). At this stage, the possible strategy of using the DASH-Plus to transition
older adults safely by examining the effectiveness of the program was the primary focus.
Simultaneously, the determinants affecting PBD intake were also determined.

The results from the implementation of the DASH-Plus were encouraging. Although the
observed effect of the DASH-Plus program in readiness to consume a PBD and reported PBD
consumption was initially significant at 9 weeks (intermediate time point), the changes were not
sustained at week 24 (final time point). A difference between the intervention and control was
also seen at 9 weeks for readiness to consume a PBD, but not in reported PBD consumption.
This dietary shift seen at 9 weeks showed a promising start towards modifying dietary behaviors
and increasing plant-based food intake in older adults. These findings suggest that strategies such
as booster sessions, increasing the total didactic hours of education, and other supportive
measures may be needed. Several useful determinants that can be used to tailor future
interventions when influencing dietary behaviors were also identified.

By examining these factors, a deeper insight into the complex interplay among diet,
health, and psychosocial influences in hypertensive older adults can be seen. This knowledge can
then be used to develop more effective and tailored interventions to address the specific needs of
this population, improve public health strategies, and promote healthier dietary behaviors in

older individuals with the ultimate goal of preserving the health of this expanding population.



Chapter 2: Literature review

2.1 Shifts in population demographics

In 2019 the Centers for Disease Control and Prevention reported that about 16% of the
US population, 54.1 million adults, were 65 years or older and is projected to grow rapidly. By
2040, this number is estimated to increase to 80.8 million and by 2060, the number of older
adults is estimated to reach 94.7 million, representing about a quarter of the US population.
Particularly, the oldest-old segment of the population who are 80 years or older is projected to
grow exponentially, increasing by 137.26% from 16.9 million in 2020 to 40.1 million in 2050.
The significant shift in sex ratios after the age of 65 is also worth noting in this population. The
sex ratio between the ages of 65 and 79 is less than 0.98, but the gap widens at >80 years old

where there are 65 or fewer males for every 100 females in most places globally.®

2.2 Overview of noncommunicable, chronic diseases in older adults

2.2.1 Chronic conditions in older adults

With this aging demographic, the incidence of chronic diseases is also on the rise and
most individuals with at least one chronic condition are between the ages of 60 to 79 years old.
The oldest-old (>80 years) are estimated to have the highest disease burden with an increase of
244.3% for one chronic disease and 202.7% for multimorbidity from 2020 to 2050.%° Currently,
the ten most common chronic conditions for adults 65 years or older are as follows:

Hypertension (60%), high cholesterol (51%), arthritis (35%), ischemic coronary/ heart disease
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(29%), diabetes (27%), chronic kidney disease (25%), heart failure (15%), depression (16%),
Alzheimer's disease or dementia (12%) and chronic obstructive pulmonary disease (11%).%!
Cardiovascular disease (CVD), however, remains the leading cause of morbidity and mortality
worldwide including in older adults.! Close to 95% of adults aged 60 years and older have at
least one chronic disease and almost 80% have two or more. Additionally, around 42% of older
adults (aged >60 y) are obese, which can increase the risk for certain conditions such as heart
disease, type 2 diabetes, and some cancers.'* When using body mass index (BMI) to categorize
obesity, it should be taken into consideration that this method and the ranges used to define each
category for older adults in particular are controversial. It has been argued that the optimal BMI
for older adults may be slightly higher, 31-32 kg/m? for females and 27-28 kg/m? for males.

Some studies have reported better health outcomes with these ranges.?*3

2.2.2 Hypertension in older adults

Historically in pre-industrial times, the measured range of blood pressure (BP) was fairly
narrow with an average of around 115/75 mmHg, which may represent the ideal BP in humans.*
It should be noted, however, that the life expectancy in the pre-industrial age was much lower.
Over the last century, life expectancy has risen significantly, and it has been observed that
systolic blood pressure (SBP), the pressure the blood exerts on the arterial walls when the heart
contracts, increases continuously with age in males and females. This may be due to the
accumulating effects of being exposed to environmental factors that increase BP over time
including excessive sodium intake, inadequate potassium intake, being overweight and obese,
alcohol consumption, and a sedentary lifestyle. Genetics can also play a role in the development

of hypertension.!4



Systemic arterial hypertension, commonly referred to as hypertension (HTN) is one of
the most prevalent preventable risk factors for many chronic diseases such as cardiovascular
disease, chronic kidney disease (CKD), and cognitive impairment, and is the “leading single
contributor to all-cause death and disability worldwide.”'* It has been estimated by NHANES
that two-thirds of adults 65 years old or older have HTN # and the CDC more recently reported
that during August 2021-August 2023, the prevalence of hypertension was 71.6% for adults 60
years and older.> However, older adults are often undertreated for this condition. This population
has also often been excluded from clinical trials in the past due to reasons concerning frailty, fall
risk, and poor renal function among others.* More studies using innovative ways to safely
include older adults with chronic diseases will be necessary in the future.

According to observational data from the Framingham study, the lifetime risk of
developing HTN in older adults aged 55 to 65 years old is >90%. After the age of 60, it has been
noted that SBP seems to increase in a majority of individuals, while diastolic blood pressure
(DBP) remains stable or seems to decrease spontaneously. The most common cause is due to the
progressive stiffening of the walls in arterial vessels. Clinically, it has been suggested that
lowering BP in noninstitutionalized older adults with few comorbidities has been beneficial even
in the oldest old who are 80 years or older.>*®

Hypertension can be divided into two classifications based on etiology: primary or
essential HTN, which accounts for 85-95% of cases, and secondary HTN caused by, for
example, renal artery stenosis and various endocrine disorders. Most of the HTN in older adults
aged 65 or older is considered essential and approximately 10% of cases are secondary.'® Blood
pressure in the elderly is diagnosed using at least 3 different BP measurements that are taken on

2 separate office visits. These rules are the same as for younger patients.? The current target BP



for older adults is controversial. The 2017 American Heart Association (AHA)/ American
College of Cardiology (ACC) defines older adults as 65 years old and recommends the target
blood pressure to be <130/80 mmHg.246 The 2018 European Society of Cardiology/European
Society of Hypertension (ESC/ESH) guidelines propose a BP goal of <140/90 mmHg for
individuals over the age of 65 years.?*> To clarify further, the ESC/ESH proposes pharmacologic
treatment for all older patients with an SBP of >160 mmHg. A SBP therapeutic target of 130-139
mmHg and DBP of 70-79 mmHg can be considered for hypertensive ‘elderly’ aged above 65
years, but not in the ‘very old,” >80 years unless considered fit.* The ESC/ESH published newer
guidelines in 2023, but have kept the recommended goal of <140/80 mmHg for those between 65
- 79 years old and recommended more aggressive treatment to <130/80 mmHg, if well tolerated.
For those 80 years and older, the target goal is 140-150 mmHg for SBP and <80 mmHg for
DBP.17’18

The American College of Physicians/ American Association of Family Physicians
guidelines propose the target goal to be a BP <150/90 mmHg.26 The 2017 Canadian guidelines
propose an SBP target goal of <120 mmHg for all individuals over the age of 75 years old. This
recommendation is supported by the findings of the Systolic Blood Pressure Intervention Trial
(SPRINT) Study, for adults aged >50 years, compared to controlling systolic BP to <140 mmHg
targeting SBP to a goal of <120 mmHg had better health outcomes. A more intensive
management of SBP reduced cardiovascular events by 25 percent and reduced the overall risk of
death by 27 percent.*® Canada is currently updating its HTN guidelines and will be released
sometime this year in 2025. The 2013 European guidelines based on the Hypertension in the
Very Elderly Trial (HYVET) criteria recommend beginning antihypertensive treatment strategies

for those >80 years with a SBP >160 mm Hg and that the target goal should be a SBP



<150 mmHg.>?° These discrepancies in recommendations can be confusing and may be due to
the considerable demographic, cultural, and biomedical changes that have occurred in the last
several decades as well as the variable functionality in older adults.?

Due to the complex nature of treating HTN, it has been suggested that absolute
cardiovascular risk be assessed. This means that when someone has an elevated BP between 130-
139/80-89 mmHg (stage 1 hypertension), the patient’s characteristics/ comorbidities will be
examined for high-risk factors including: age 65 and older, diabetes, chronic kidney disease,
known cardiovascular disease before initiating pharmacotherapy. Without these risks, most
individuals with stage 1 hypertension do not qualify for drug therapy. Non-high-risk individuals
are recommended to start drug therapy when BP is >140/90 mmHg. These guidelines suggest
that regardless of frailty, all non-institutionalized, community-dwelling adults aged 65 years and
over qualify for drug therapy when their SBP is >130 mmHg. However, no DBP threshold for
treatment has been identified in a similar manner.?!

Around 80% of adults aged 65 years or older were being treated for HTN, but only
around 55% had their blood pressure under control.?? This is in line with another study that
showed that despite growing evidence of improved outcomes with intensive HTN control in this
population, analysis of data from 2008 to 2018 revealed that appropriate intensification occurred
only in 30% of ambulatory visits for adults >60 years and that this was suboptimal based on the
major guidelines. More strategies are needed to prevent this therapeutic stagnation.?

HTN in older adults is a complex and heterogeneous condition that does not have a simple
one size fits all solution.? It is recognized that HTN management in older adults has to be
individualized taking into consideration the frailty status, complex medical comorbidities, and

psychosocial factors. Physicians will also have to be mindful of issues more prevalent in this
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population such as cognitive impairment, competing medical health problems, polypharmacy,
orthostatic hypotension, falls, gait speed, medication costs and side effects among others, which

can be challenging.?

2.2.3 Social and economic considerations

Chronic diseases affect many aspects of life and have a tremendous impact socially and
economically. One study examining disability in older adults aged 80 years and older found that
individuals with chronic diseases, especially cardiovascular diseases (CVD), cancers, chronic
respiratory diseases, and diabetes, known as the ‘big four’ noncommunicable diseases (NCDs)
are at a higher risk of becoming functionally disabled. The onset of disability is also earlier for
those with major NCDs. The effect this has on activities of daily life (ADL) is profound. ADLs
are found to be lost in two clusters, an early-loss cluster, and a late-loss cluster regardless of
chronic health status. The early loss cluster consists of bathing, dressing, and walking while the
latter consists of toileting, transferring, and eating.?* The loss of ADLs could affect autonomy,
quality of life, and social interactions.

Economically, a person’s health directly affects their finances.?® Chronic diseases account
for 86% of the total medical costs in the US. The average cost of healthcare was 5.5 times higher
in elderly patients with multiple chronic conditions (MCC) compared to individuals without
multiple comorbidities.?® In another study that analyzed a large sample of US hospitalizations,
3.5 million discharges in 38 states found that almost 80% had MCC and 10% had 6 or more. In
2012, over half the patients discharged for ambulatory care-sensitive conditions were aged 65 or
older. Similar to a previous study, this study also showed higher inpatient healthcare costs for
patients with MCCs from longer hospital stays.?” It has been found that the costliest diseases for

older adults when combining treatment and lost wages are Alzheimer's/ dementia ($48,701 per
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person per year), cancer ($30,028 per person per year), and diabetes ($20,137 per person per
year).28.2

Additionally, there are large inequities among the older adult population. Women and
people of color are more likely to encounter higher treatment costs and higher lost wages due to
chronic conditions. Around 39% of Black and Hispanic older adults’ lost wages were due to
chronic diseases compared to 17% of Whites. Blacks and Latinos/as/xs aged 60 years or older
have $4,000 more in average yearly costs due to NCDs than their White counterparts and have

fewer financial resources to cope with these health problems.?>2°

2.3 Non-pharmacological approaches/ lifestyle interventions to address HTN in older adults

2.3.1 Overview of different types of non-pharmacological approaches

Non-pharmacologic lifestyle interventions are a cornerstone of HTN management.26:30 A
study that investigated whether lifestyle factors could offset the BP effect of genotype reported
that healthy lifestyle scores were strongly inversely related to both SBP and DBP regardless of
the BP genetic risk. Participants with a favorable lifestyle had a SBP that was on average of
4-5 mmHg lower in all genetic risk cohorts compared to those with poor lifestyle habits.
Furthermore, populations in non-westernized parts of the globe with low rates of HTN and very
low prevalence of age-related HTN also support the role of lifestyle approaches in the prevention
of HTN.16

Current guidelines include increased physical activity, a modified diet, weight
management, smoking cessation, stress reduction, and restraint from excessive alcohol

consumption.t>16:2030 Of special note, although cigarette smoking increases the risk of CVD and
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smoking cessation is often encouraged for health reasons, no direct causal relationship has been
found between cigarette smoking and the risk of HTN, and is still being determined. It does,
however, have an acute hypertensive effect. The ESC/ESH guidelines recommend smoking
cessation to prevent and manage hypertension, but the ACC/AHA guidelines do not.'® Another
study decided not to include smoking cessation as a nonpharmacologic intervention because the
existing randomized control studies RCTs using this method in hypertensive and prehypertensive
participants were not truly intervened.3°

Among non-pharmacological interventions for hypertensive older adults, a systematic
review and meta-analysis determined that self-management education was the most effective at
lowering SBP and DBP. Using the theoretical framework of HTN self-management, a self-
management education program was developed with two components: repeated group education
and individual counseling. This type of intervention with repeated group education and
individual counseling that was specifically tailored towards older adults that addresses personal
needs and preferences was shown to be more effective compared to one-time interventions.
Using these types of approaches helped them significantly increase their adherence to lifestyle
changes and even a short-term, six-week educational intervention was shown to significantly
reduce BP.3!

After self-management education, the authors reported that moderate-intensity aerobic
exercise was ranked second in effectively lowering SBP and DBP in older adults. This level of
physical activity exercised at least three days per week reaching 64% to 77% of the maximum
heart rate also helped decrease body fat, improve maximal oxygen uptake, and reduce the risk of
acute cardiovascular incident. Low-intensity aerobic exercise was less effective.3! Similarly,

another review described the BP-lowering effects of physical activity with moderate- to high-
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intensity aerobic exercise (at least 3 days a week for 30 minutes each time and achieving 60% to
90% of the maximum heart rate).3° The American College of Sports Medicine recommends that
older adults aim for a minimum of 150 minutes of moderate-intensity aerobic activity or 75
minutes of vigorous-intensity aerobic activity per week. Additionally, two or more non-
consecutive days of moderate-intensity strengthening activities with 8 to 10 exercises that
involve major muscle groups and 8 to 12 repetitions of each exercise are also recommended.?°
Moderate-intensity resistance training has also been shown to lower SBP effectively but has had
inconsistent results for DBP.3! Over time, physical activity has proven to be an effective non-

pharmacological intervention to lower BP.1%16.20.30

2.3.2 Dietary interventions

Modified diets are another important non-pharmacologic lifestyle intervention. The
DASH, low carbohydrate, vegetarian, plant-based, and Mediterranean diets have all been
recommended for heart health and positive effects on BP.1620.30-32 A study examining 22
nonpharmacologic interventions concluded that the DASH was the most effective intervention in
lowering BP in prehypertensive and hypertensive adults (SBP: weighted mean difference, 6.97
mm Hg; 95% credible interval, 4.50-9.47 and DBP: weighted mean difference, 3.54 mm Hg;
95% credible interval, 1.80-5.28). In this analysis, the DASH diet intervention was followed by
aerobic exercise, isometric training, low-sodium, and high-potassium salt, and then
comprehensive lifestyle modifications.® This study did not include self-management education
as one of the interventions. The DASH diet is rich in fruits, vegetables, whole grains, and low-fat
dairy products, which are naturally low in sodium, saturated, and total fat content. The diet also

contains other nutrients that may help lower BP and decrease total cholesterol and low-density
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lipoprotein (LDL).%° Many studies specifically mention the DASH diet as one of the most
effective approaches to manage HTN.1516:31

Possible therapeutic effects of low sodium intake, increased potassium (1500 to > 3000
mg), calcium and magnesium supplementation, intake of probiotic-rich foods, fiber, flaxseed,
and increased protein intake have been shown to help HTN in the elderly. Consumption of garlic,
dark chocolate, tea, coffee, and fish oil has also been suggested as possible non-pharmacologic
antihypertensives as well.?® However, dietary fiber, polyphenols, flaxseed, coffee, tea, and
vitamins are still controversial lifestyle interventions when trying to lower BP and need more

research.16

2.3.3 Stress management interventions

Stress management approaches are another lifestyle intervention that helps with
managing BP in this population. Activities such as transcendental meditation, yoga, Tai Chi, and
biofeedback have shown some decreasing BP effects.s» One review noted that Tai Chi did not
have high-quality evidence and removed it from their recommendations, but due to the possible
BP-lowering effects, more RCTs were encouraged.» Another study in a non-pharmacological
intervention review reported that the BP benefits were enhanced if meditation or mental
relaxation were combined with breathing techniques from yoga sessions (mean decrease of
11 mm Hg in SBP and 6 mm Hg in DBP). However, more studies are needed to strengthen the

evidence behind the positive effects of these types of stress management techniques.:

2.3.4 Approaches regarding circadian rhythm and sleep

Lastly, circadian rhythm has been found to be relevant to cardiovascular health. Blood

pressure, cardiac output, and heart rate seem to have a marked circadian pattern and a disruption
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to this rhythm, especially for BP, has been associated with an increased risk of CVD. Nighttime
ambulatory BP has been found to be a better predictor of cardiac risk than daytime ambulatory
BP. In healthy individuals, a drop in BP of >10% has been observed from daytime to nighttime.
When the circadian rhythm becomes dysfunctional the nighttime BP may remain elevated, and
this increased 24-h BP has been associated with a higher risk of CVD, morbidity, and mortality.
Exercise and mealtimes can also affect the circadian rhythm so it may be advisable to align
meals to earlier times in the day. Sleep is closely associated with circadian rhythm and has been
shown to affect hypertension. Blood pressure decreased by 10 - 20% on average during sleep so
less sleep can increase the average 24-h BP and sleep deprivation has been associated with
obesity, which can then indirectly affect HTN. Therefore, adequate sleep with proper circadian
maintenance through a regular sleep-wake schedule, mealtimes, and managing light exposure
may also help manage HTN.16

It should be mentioned, however, that some of these types of non-pharmacological
interventions may not be appropriate for hypertensive individuals >80 years old. For example,
weight reduction in this age group easily leads to sarcopenia, unwanted muscle loss, and even
cachexia unless appropriate physical training and adequate protein are supplied. Excessive salt
reduction may also cause hyponatremia, malnutrition, and orthostatic hypotension with an

increased risk of falls.?
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2.4 Nutritional considerations for older adults

2.4.1 General considerations for nutrition in older adulthood

With senescence, physiological, psychological, and social changes affect the dietary
habits of older adults. Nutrition is a primary determinant of the quality of life during aging.®
Dietary practices are often modified as physiological changes in the central nervous system,
body composition, and mobility occur. Aging is associated with impaired micronutrient
absorption and synthesis, anabolic resistance, bone demineralization, and muscle atrophy among
others. Lower energy requirements are needed, but insufficient intake can lead to macro- and
micronutrient deficiencies. Older adults often lack adequate energy and protein intake.3334
Additionally, many older adults suffer from constipation so dietary fiber is an important
component in their diet.>* Therefore, several dietary requirements should be carefully considered
when working with older adults.

Frequently, an inadequate intake due to low appetite and other alterations from aging
such as loss of smell and taste, dental issues, and changes in cognitive function can lead to
nutritional and physical frailty as well as sarcopenia.” Age-related chronic diseases and treatment
with polypharmacy can interfere with the ingestion, absorption, and metabolism of food.
Furthermore, psychosocial factors such as socioeconomic status often dictate an older person’s
financial ability to buy medications and meet their nutritional requirements. Loneliness and the
likelihood of dining alone can also influence dietary choices. It has been shown that eating with
company helps older adults consume more than eating alone.®® Depression is common in the
older adult population and is another strong determinant of inadequate nutritional intake.333%

Finally, food insecurity is another important aspect of diet and nutrition in older adults.

Food security is defined by the Food and Agricultural Organization as “all people, at all times,
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have physical, social and economic access to sufficient, safe and nutritious food which meets
their dietary needs and food preferences for an active and healthy life.” Four dimensions have
been identified under this definition: 1) availability of food 2) accessibility to food 3) ability to
utilize the food and 4) the stability of the first three dimensions long-term. Older adults are at a
greater risk of economic food insecurity due to reduced financial assistance from Social Security,
the increasing cost of health care, and the rising rate of poverty in those aged >65.%°

In addition to economic reasons, physical food insecurity was also found to be important.
Older adults can have trouble accessing food due to physical limitations that negatively impact
their ability to shop for groceries or prepare meals. Those who were >75 years of age were
reported to have the highest proportion of physical food insecurity. Data from NHANES showed
that >5% of aging adults experienced economic and physical food insecurity and that a high
proportion of this group dealt with more challenges in regard to income, depression, and chronic
diseases. Individuals in this population also had the lowest total Healthy Eating Index-2015
score, suggesting that their diets were least likely to resemble the recommendations of the
Dietary Guidelines of Americans (DGA). In a 2018 study, a sample of US adults aged >50,
almost half of those who had more than 2 chronic conditions were economically food insecure
compared to 9.3% in those who had less than 2 chronic illnesses. Lastly, this study also found
that older adults who experienced economic and physical barriers to food security are at a higher

risk of poor physical and mental health.%

2.4.2 Micronutrients
The 2015-2020 US Dietary Guidelines for Americans (DGA) identified an inadequate
intake of vitamins A, C, D, and E across all populations and both the 2010 and 2015-2020 DGA

reported a deficiency of vitamin D as a public health issue.3® According to the MyPlate United
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States Department of Agriculture (USDA) website based on the 2020-2025 DGA, older adults
may need to pay extra attention to vitamin B12, potassium, calcium, vitamin D, and dietary fiber.
The following have also often been identified as deficient in older adults by national surveys and
observational studies: protein, n-3 fatty acids, carotenoids, magnesium, vitamin B6, and vitamin
E.” Moreover, it has been found that older adults’ need for vitamin E, B6, and zinc may exceed
the current recommendations for immune system regulation and fighting infection.”-3¢ A few of
these notable vitamins are highlighted below.
Vitamin B12

Vitamin B12 insufficiency has been described in the elderly population. Also known as
cobalamin, this vitamin is essential in DNA synthesis and for hematological processes and is a
key factor in cognitive functions. Inadequate levels of vitamin B12 have been associated with
impaired cognition and neurological diseases such as dementia, depression, and megaloblastic
anemia. Older adults may be particularly at risk of B12 deficiency due to decreased gastric acid
production, atrophic gastritis,®* and loss of intrinsic factor production, which can lead to
pernicious anemia.®® Based on the 2020-2025 DGA absorption can also be affected by
pharmacotherapies, which is common with increased age.®’” For example, long-term use of
antacids may contribute to the development of vitamin B12 deficiency.’
Vitamin B6

Aging and vitamin B6 deficiency have been connected to neurological pathologies,
impaired immune functions, and cardiovascular diseases. Lower B6 consumption, prevalence of
subclinical chronic inflammation and increased activity of alkaline phosphatase may result in
lower pyridoxal 5’-phosphate (PLP) concentrations in older adults. One longitudinal study over

18 years in Germany concluded that vitamin B6 levels did not decline from age 60 to 90 years
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old. At baseline, 37% of the participants showed a PLP level <30 nmol/L and more than half
failed to meet the dietary recommendations. The analyses found that age, use of supplements,
and protein intake were positive determinants of PLP concentrations, while adiposity showed a
negative effect. Intake of vitamin B6, sex, nor lifestyle factors such as physical activity and
smoking affected B6 concentrations long-term.3 This study refutes the notion that B6 declines
further with aging.
Vitamin D

Older adults are at an increased risk of vitamin D deficiency. Data from NHANES
reported that as high as 84% of males and 91% of females in the aging adult population may
have inadequate levels of vitamin D. This vitamin plays a significant role not only in calcium
metabolism but is associated with pathological conditions such as muscle weakness, depression,
cognitive impairment and with higher incidence of all-cause, cardiovascular, and cancer
mortality.3 Vitamin D has also been shown to help epithelial cells function in the eyes and the
intestinal tract. It is involved in antimicrobial peptide expression in epithelial cells of the
respiratory tract and helps protect the lung from infection. Additionally, it helps balance Thl and
Th2 T cells in adaptive immunity, which has been theorized to help regulate autoimmune
responses. Clinically, low vitamin D status has also been associated with increased COVID-19
risk. One analysis of 212 cases of individuals with COVID-19 showed that people with a vitamin
D deficiency had a 19.61-fold higher risk of an adverse critical outcome compared with those
with sufficient serum levels of vitamin D (p<0.001).%¢ This is of particular interest for older

adults as they are also at higher risk for COVID-19 and infections in general.*
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Vitamin E

One study found that 800 IU of vitamin E per day for 1 month in healthy older adults >60
years old had decreased levels of lipid peroxisomes and improved their immune functionality.
Vitamin E supplementation (200 1U/day of dl-a-tocopherol) was also found to enhance the
efficacy of hepatitis B and tetanus vaccines in older adults. This kind of supplementation has also
shown salubrious effects in older adults suffering from respiratory infections.®
Zinc

Zinc acts as a cofactor for many enzymes in the body and is an important part of the
antioxidant defense system protecting cells from oxidative damage. It is also a key part of the
immune system. Older adults are more susceptible to impaired immune functions from
microbiome alterations, higher medication intake, thymic degeneration and lower T cell
production as well as multiple health conditions. Zinc deficiency is highly prevalent in older
adults. Around 10-45 mg of zinc/ day has been effective in strengthening several aspects of the
immune system in older adults.3
Calcium

Calcium was named as one of the “shortfall nutrients” in the 2015 DGA for adults >70
years old.” This is one of the minerals that is of interest in older adults as it plays an important
role in bone health, but also affects vascular tone regulation, skeletal muscle contraction, nerve
transmission, intracellular signaling, and hormone secretion. The most prevalent condition
involving calcium along with vitamin D in old age is bone loss, and osteopenia that can
eventually progress to osteoporosis. This condition greatly increases the risk of fractures, which
leads to mortality, morbidity, and decreased quality of life. Older adults are at a higher risk of

inadequate calcium intake as the absorption of this mineral decreases significantly after the age
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of 60. Adults between the ages of 70 and 90 absorb nearly one-third less calcium than younger
adults. This is due to achlorhydria, decreased stomach acid production and reduced glomerular
filtration rate in the elderly leads to less efficient renal calcium absorption.
Iron

Iron is another important nutrient that helps physical performance, immunity, cognitive
development and function, temperature regulation, and thyroid metabolism. It was reported that
10% of community-dwelling older adults and 46% of institutionalized adults aged >65 years are
anemic. Anemia in this population can increase the risk of mortality, loss of independence,
physical decline, falls, fractures, frailty, cardiovascular incidences, and cognitive impairment.33
Adequate iron has also been associated with increased gait speed in older adults.3* Although iron
storage does increase with age, absorption of iron from food is impaired. This can be due to
atrophic gastritis, celiac disease, helicobacter pylori, and certain drugs among others. Poor

dietary habits are another possible reason for low iron levels.

2.4.3 Macronutrient: Addressing protein concerns in older adults

Protein

There has been much attention on the protein requirements of older adults. As previously
mentioned, older adults may suffer from sarcopenia, where skeletal muscles atrophy with aging
and lead to a general decrease in muscle strength. Sarcopenia has been found to increase the risk
of falls, fractures, dependent living, morbidity, and mortality.*® Almost all studies reviewed by
Dorrington et al 3 showed an inverse relationship between protein intake and loss of muscle
mass and strength even with disclosed limitations such as over or under-reporting among others.
The authors added that having reduced muscle mass and strength affects functionality needed

for food accessibility, preparation, and choice making it a vicious cycle. Due to this, it has been
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suggested that older adults increase their protein intake to 1.2 g of protein/kg of body
weight/day, which is above the current recommendation of 0.8 g of protein/kg of body
weight/day.3*4° This recommendation may change after the new dietary reference intake review
with the updated DGA. It has also been recommended that a special focus be placed on the
amino acid leucine since it has been shown to increase muscle protein synthesis (MPS) rates.*

In terms of PBD, it has been reported that plant-based proteins are less bioavailable with
lower digestibility and contain lower leucine content. It has been argued, however, that with
sufficient protein intake, the source is less important.“° Further, a recent study found that a higher
adherence to the healthy plant-based diet index (hPDI) was associated with lower frailty risk in a
cohort of community-dwelling older adults in Spain and an inverse relationship between
vegetable oil and frailty was also found. Contrastingly, higher adherence to the unhealthful plant-
based diet index (uPDI) was associated with higher frailty risk. Data analysis pooled from
several European studies (Seniors ENRICA-1, 3C Bordeaux, and AMI) showed an inverse
relationship between consumption of fruits and vegetables and frailty.** Similar results were
found in a study of US women >60 years old.*> These findings help reinforce the differences
between healthy plant-based foods and unhealthy plant-based foods. Moreover, it sheds light on
the controversy regarding protein sufficiency in PBD in older adults. A possible mechanism is
the antioxidant effects from vitamins C, E, carotenoids, and selenium from fruit and vegetables
protect the muscle tissues from oxidative stress reducing sarcopenia.*!

It should also be noted that the “most potent approach to enhance the sensitivity of
skeletal muscle is physical activity.”*? This suggests that strategies for sarcopenia and frailty

prevention should include more than a dietary approach. Both resistance and aerobic activity
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performed before protein intake increased the utilization of amino acids for de novo MPS in
older adults. Furthermore, it has been shown that 8 weeks of n-3 PUFA, EPA (1.9 g) more than
DHA (1.5 g), demonstrated enhanced MPS response in middle-aged and older adults. This
supplementation has not yet been investigated with plant-based protein in older adults.*
However, if similar results are found, this can be used to amplify MPS when using plant-based
protein.

Although the advantages of animal protein have been argued and demonstrated when
comparing animal and plant protein sources,*4¢ some studies have also shown similarities
between the two. One study that compared a cohort on an omnivorous diet to a group on a lacto-
ovo-vegetarian diet for changes in muscle mass after 12 weeks of resistance training showed that
older men in the vegetarian group did not gain fat-free mass, but the individuals in the
omnivorous group gained an average of 1.7 kg of fat-free mass. When investigated further, it was
found that the omnivorous group was consuming 1.0 g of protein/kg of body weight/day and the
vegetarian group was consuming a lower amount of protein, 0.8 g of protein/kg of body
weight/day. However, when consuming 1.2 g of protein/kg of body weight/day, the muscle mass
gained through resistance training did not differ between the vegetarian and omnivorous diets.*3
Another study also found no difference in cross-sectional thigh muscle mass between animal or
plant-based protein intake with an average intake of 0.9 g of protein/kg of body weight/day in a
cohort of elderly adults after 5 years. This study suggests that the source of the protein is not a
primary factor in sarcopenia. It should be noted, however, that this may be due to the method of
using a food frequency guestionnaire, which the authors explained is unable to distinguish
between the protein sources from a variable dietary pattern over an extended period. Given that

high levels of animal consumption increase saturated fats, are low in fiber, and are associated
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with numerous chronic diseases such as obesity, heart disease, metabolic syndrome etc. health
benefits may favor plant-based proteins in this sense.*’

Based on these studies, diets with sufficient plant protein sources have the potential to
support muscle mass with aging.*! A strategy to overcome the fact that any one source of plant-
based protein may not be a complete protein containing all nine essential amino acids is to
consume a variety of plant-based proteins.*’#¢ Other strategies include supplementing plant-
based proteins with specific essential amino acids, selective breeding, and mixing plant proteins
with animal proteins.*® Given the findings above, it is important to consider overall protein
intake as well as micronutrient intake for the older adult population when considering a change

in their dietary patterns.

2.4.4 Additional considerations

An insufficient consumption of nutrient-dense foods was found to be the primary reason
for undernutrition in community-dwelling adults. In line with this research finding, the typical
American diet that older adults consume lacks adequate intakes of many plant-based foods such
as fruits, vegetables, legumes, whole grains, nuts, seeds as well as lean meat, poultry, and low-fat
dairy products. This population also consumes refined grains such as white bread and white rice,
processed meats, fried foods, solid fats, sodium from canned and processed foods, and added
sugars in excess from soft drinks, for example. This type of dietary pattern is strongly associated
with many non-communicable diseases as well as obesity.’

Older people in the US population that meet the recommended number of fruits and
vegetable servings is greater than in younger individuals. However, despite this encouraging
trend, less than a third of older adults meet the recommended intake of vegetables, and less than

half reach the recommended fruit intake. Another relevant factor of vegetable consumption is
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variety, which was found to be relatively low in this age group. Living alone limited access to
groceries and the frequency of grocery shopping also decreased as well. Characteristics that
improved adherence to healthful dietary patterns in older adults included younger age within the
elderly population, living with company rather than alone, a higher education level, and more
physical activity.33

As a primarily plant-based diet, the DASH diet’s inclusion of higher amounts of fruits,
vegetables, low-fat dairy, whole grains, and high protein with reduced red meat helps address
many micronutrient and macronutrient deficiencies discussed in older adults. This diet is low in
saturated and trans fats, sodium, and sugar and is high in potassium, magnesium, calcium,
dietary fiber, and protein. It is also high in folate, vitamin E, carotenoids, and other antioxidant
nutrients. To be effective several education sessions are needed to help older adults make the
necessary behavior changes. Finally, one study demonstrated that combining food with dietary
supplements helped reduce 100% of the Recommended Dietary Allowance and Adequate Intake
inadequacies for at least nine nutrients and was associated with a lower prevalence of
inadequacies for most of the 15 micronutrients including vitamins A, C, E, and zinc, except for
vitamin D.2¢ This is another strategy that can be employed to help reduce deficiencies in this

population regardless of specific diets.

2.5 Psychosocial aspects related to PBD in older adults with hypertension/ chronic diseases

2.5.1 The health belief model for behavior change

There has been growing evidence that numerous psychosocial factors affect the onset and

prognosis of hypertension.*® The health belief model (HBM) is a theoretical model that uses
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psychosocial variables applied to health behavior changes. It was developed in the early 1950s
by social scientists at the US Public Health Service who wanted to understand why some
individuals failed to adhere to disease prevention behaviors or screening tests for early detection
of conditions. Later, this framework was also used to study compliance with medical treatments.
The HBM proposes that a person’s perceptions and beliefs about the disease and the
effectiveness of the lifestyle behaviors recommended can predict the likelihood that a person will
take the necessary actions to adopt a behavior change. A limitation is the exclusion of other
important attitudes, beliefs, and determinants of health behavior. For example, it does not take
into account habit-forming behaviors that may influence decision-making such as smoking. It
also does not consider environmental or economic factors. Finally, there is an assumption that
information about the disease is equally accessible to everyone.°

The model includes demographic, social, structural, and personal factors to predict the
probability of behavior change and adoption. Specifically, the model emphasizes six constructs:
perceptions of disease susceptibility and severity (perceived threat), benefits of healthy behavior,
barriers to healthy behaviors, cues to action, and self-efficacy to enact healthy lifestyle
behaviors. Using hypertension as an example, an individual may see themselves as vulnerable to
hypertension (perceived susceptibility), anticipate major or minor consequences (perceived
severity), believe that specific behaviors will help prevent or manage the condition (perceived
benefit), are cued to action by a family member, and have high confidence in their ability to
adhere to self-care behaviors (self-efficacy), despite any challenges to behavior changes like
adopting a new diet or physical activity in their routine (perceived barriers). A recent study of
527 patients with hypertension recruited from Zarandieh, Iran showed that all components of the

HBM and social support were significant predictors of self-care behaviors, and that self-efficacy
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was the strongest predictor. In descending order, this study also found that perceived barriers,
social support, perceived threat and perceived benefits were found to influence behavior change
and maintenance.

The World Health Organization (WHOQO) also endorses that hypertension is a condition
that can be controlled using self-care behaviors such as adherence to treatment and a low salt
diet, weight control, regular BP monitoring, smoking cessation, regular exercise, and the
avoidance of alcohol. Self-care is defined as “conscious, learned, and purposeful actions and
activities performed by individuals to maintain their life and promote the health and well-being
of themselves and their families.” Drug therapy is therefore not possible without self-care. For
older adults to adopt self-care behaviors, they need to believe that they are vulnerable to the
disease (perceived susceptibility), the disease could have various complications and
consequences (perceived severity), self-care has benefits and surmountable barriers, with cues to
action from media, healthcare providers, family members, and others who encourage self-care
behaviors (cues to action). Lastly, they should believe that they are capable of managing their
hypertension through self-care behaviors (self-efficacy).>?

In a study of 106 hypertensive older adults, (52.83% male with an average age of 63.91 +
4 years in the intervention group and 64 + 3.95 in the control group) all constructs in the HBM
scores improved after the education program. The intervention consisted of two sessions that
lasted 45 to 60 minutes and were held a few weeks apart. Each session consisted of a lecture
followed by a question-and-answer session. An educator taught the sessions using a validated
booklet titled Self-Care Education for Older Adults that was developed using the HBM and the

educational needs of the participants. The control group received routine services normally

28



provided by the health centers’ providers and staff. This study showed the efficacy of HBM-
education sessions in improving self-care behaviors in older adults.>

Among hypertensive patients in Nepal, one qualitative study reported that patients had
difficulties in participating and maintaining the recommended physical exercise because they did
not experience many symptoms, so their perceived threat of cardiovascular disease was lower.
Lack of support from their family, physicians, workplace, or other social groups was also
identified as one of the key barriers in managing and sustaining a healthy lifestyle.>® Another
study showed that satisfaction in communication between a physician and hypertensive patient
had a significant positive impact on self-care and pharmaceutical adherence. Higher satisfaction
in hypertensive patients regarding communication reflected higher adherence to medical
recommendations.>* Additionally, a hypertensive patient’s lack of belief in their ability to
participate in and maintain lifestyle behaviors when faced with various challenges such as time

constraints is an important barrier as well.3

2.5.2 Self-efficacy

Positive associations between self-care behaviors and psychological constructs like self-efficacy
have generally been acknowledged.>* Self-efficacy, an individual’s beliefs about their
capabilities to execute a behavior change resulting in desired health outcomes, and outcome
expectancies are major constructs of the Social Cognitive Theory. Individuals with higher self-
efficacy have a greater ability to engage in behavior changes even when facing barriers
compared to those with lower self-efficacy. Moreover, self-efficacy is positively associated with
health behaviors such as physical activity through environmental factors and social support. Self-
efficacy had small-to-large relationships with physical activity (r=0.02-0.46) and dietary

adherence (r=0.06-0.79) depending on the assessed domain and country.>? Self-efficacy was
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reported to be significantly related to at least one self-management behavior including physical
activity, healthy diet, adherence to medication, blood glucose testing, and foot care.>*

Outcome expectancy can also affect lifestyle behaviors. This refers to the individual’s
belief in the likelihood of a behavior leading to a desired outcome. For example a low-sodium
diet and regular exercise leading to effective blood pressure management. In one study a positive
association between outcome expectancy and moderate-to-vigorous physical activity was not
seen in older hypertensive patients (>60 years). Older adults may have more difficulty
participating in physical activity due to concerns about safety, frailty, and other chronic

conditions.>3

2.5.3 Effects of social environments

Social support is another construct that can influence hypertensive patients’ adherence to
lifestyle changes including diet and exercise. There are two dimensions to this construct: (1)
structural support which consists of the number and types of connections within a person’s social
network and (2) functional social support, which involves emotional, informational, and
instrumental support from family, peers, or others. One review found a small relationship
between social support and physical activity and dietary adherence.>® Social support played a
bigger role in medication adherence and was strongly correlated with following medical
prescriptions. The importance of the perception of social support and quality has also been
highlighted. A more positive perception of medication-specific social support produces better
treatment adherence, but also higher levels of self-efficacy.>*

Adverse health effects from chronic racial and ethnic discrimination and other social

experiences have been associated with negative health effects. Chronic discrimination is more
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consistently related to ambulatory BP than to resting clinic BP. Furthermore, discrimination was
positively associated with difficulties sleeping, insomnia, and fatigue, which can affect HTN
risk. Finally, internalized racism and stereotypes have also been identified as another mechanism
that could negatively affect health. Stereotype threat can trigger increased levels of anxiety and
impair decision-making and self-regulation processes. It can indirectly affect HTN through
weight changes by overeating and by modulating the neural hormonal system. It can also lead to
a delay in seeking medical care, poor patient-provider relationships, and low adherence to
recommended treatments. Finally, occupational stress is associated with an increased risk of
HTN. Occupational stress can come from a hostile work environment, work insecurity, time
pressures, and work hazards among others. Jobs that provide low control, but high demand such
as servers or clerks are higher among ethnic minorities.*

Emotional states such as high levels of anxiety and depression are common in adults with
chronic conditions with comorbidities such as HTN. This can have a negative impact on a
person’s health and quality of life.® Depression is one of the most common mental health
disorders among those with chronic diseases. The factors associated with hypertensive adults
who were also depressed were age, educational status, employment status, SES, physical
activity, and family history of HTN.>® One study demonstrated that individuals with depressive
symptoms had a 42% increased risk of HTN. Although more studies are needed, anxiety was
suggested to be an independent risk factor for incidents of HTN.*® A study in Ghana found that
older hypertensive patients (8.4%) had nearly twice the prevalence of depression compared to
younger patients (4.5%), but no significant differences between older males and females were
observed. A depression rate as high as 60% in older hypertensive adults has been reported.

Additionally, young and older hypertensive adults who were widowed or separated from their
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spouses had higher risks of depression. Hypertensive adults with no religious affiliation and
those who rated their health status as bad were 3 times more likely to be depressed than those
who marked their health status as good. Participants who experienced hunger every month were
also approximately 5 times as likely to report depressive incidences.®® Other emotions such as
anger and hostility are also associated with increased HTN risk. Conversely, positive
psychological well-being such as optimism, life satisfaction, and emotional vitality is related to
health behaviors such as physical activity that affect HTN and cardiovascular incident risk. More
studies in this research area are needed.*°

Social relationships and networks serve as a source of emotional support including
empathy, informational support and instrumental support. These beneficial connections have
been shown to support health and reduce the negative effects of stressful experiences on health
and resilience.*® Social support is important for the wellbeing of older adults and individuals
without such support have shown to be more susceptible to depression and other psychological
problems.* Evidenced by The National Health Interview Survey, both emotional support and
social integration were independently associated with decreased odds of HTN. It also helped
protect against the adverse effects of low SES on HTN. Marital status can have both positive and

negative effects on health and HTN in particular depending on the relationship.*°

2.5.4 Theory of planned behavior

The Theory of Planned Behavior (TPB) is a theory used to predict intention to perform a
behavior. There are three constructs used in this theory: attitude (behavioral beliefs), social
norms (normative beliefs) and perceived behavioral control (control beliefs). Attitude describes
the positive or negative consequences associated with engaging in the behavior. Social norms are

about the significance that an individual places towards the opinions of others and the perception
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of social pressure to adopt (or not) a behavior. Lastly, perceived behavioral control indicates
factors that facilitate or hinder the adoption of the behavior. This theory was used to examine
eating behaviors of older adults' consumptions.% Plant-based protein and whole grain
consumption in older adults was examined.

Under attitudes, the advantages of consuming plant-based protein (PBP) most frequently
mentioned were related to health benefits such as cardiovascular health and weight management.
This was reported in a higher proportion by women. Good nutrient content and taste of legumes
was also mentioned numerous times. Those who consumed PBP twice a week or more (C-group)
also mentioned the environment as an advantage of consuming PBP. Individuals who did not
consume PBP twice a week or more (NC-group) mentioned health related disadvantages to
consuming PBP such as intestinal discomfort (gas and bloating) associated with legumes and the
lack of some nutrients. Some in the NC-group felt that PBP could lead to inadequate protein
intake, minerals such as iron and calcium, and vitamin B12. Some barriers were the difficulty of
cooking PBP as well as the taste of PBP such as tofu or processed products. Those in the C—
group also mentioned that having company over for dinner with PBP was challenging and often
prepared alternative choices. Finally, others reported that nuts and processed products were more
expensive. Many also felt judged about consuming PBP.%¢ Low-income older adults were
interviewed about their whole grain consumption. Similar to PBP, older adults mentioned the
health benefits especially on bowel or gastrointestinal health. Cardiovascular, bone, brain, eye
health, diabetes, and weight management were also listed as health benefits. Second to health
benefits, some described taste as an advantage. However, taste was also mentioned as a

disadvantage, and some described the appearance of whole grains as unappealing.®’
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For social norms, at least one person approved of their consumption of PBP. Usually they
mentioned a family member, children/grandchildren or spouse followed by friends. The
participants also reported that overall women tended to approve PBP more and that those who
disapproved were often male. However, most older adults did not particularly care whether
others approved of their choices except when it came from their spouses. In this way social
norms are less predictive of behaviors in the older adult population.>® For whole grains, most
people felt that the media, family members and healthcare providers encouraged the
consumption of whole grains. Some mentioned that individuals who were less educated and
knowledgeable would sometimes discourage whole grain consumption.%’

Finally for perceived behavioral control, most participants felt that having simple, quick,
tasty recipes for PBP would help facilitate increased intake. Some mentioned being more
informed about PBP, for instance, the range of products, where to buy them, the benefits of
consuming them, and ways to avoid digestive issues would help them purchase PBP. Many
reported that animal products are too pervasive in society and that it was often promoted over
plant-based foods. Main barriers reported in a higher proportion by males were laziness, inertia
(tendency to do nothing and remain unchanged), and unwillingness to put in the effort needed to
change habits. Perception of good health at the time of the interview also added to the reluctance
to change. In the NC-group, they mentioned that lack of knowledge on how to cook PBP,
spousal resistance to change dietary habits, and living alone were all barriers to change. When
describing digestive issues associated with PBP, the symptoms described were severe and
resembled an allergic reaction.>® For whole grains, a common barrier that was mentioned was
age-related physical changes such as dental problems. For instance, whole wheat bread is harder

to chew, and seeds can get stuck under dentures.5’
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Increasing knowledge such as how to prepare PBP may help to reduce barriers. One
study used an 8-month cooking class as an intervention with older men that suggested that it
could help improve cooking skills and the use of new products. This also helped prevent social
isolation. Another study that combined information and culinary skills improved older adults’
nutrition knowledge, dietary habits, confidence in eating healthy meals that meet the daily
nutritional requirements, and increased variety. These types of interventions may help to lower
some of the barriers with PBP.%

Psychosocial aspects related to plant-based diets have not been explored much especially
in older adults in general. It has also not been thoroughly examined in hypertensive older adults

or those with other chronic diseases.

2.6 Plant-based Diets: Definition and Types

Currently, the term “plant-based diet” (PBD) encompasses a wide array of definitions,
and many related terms are used both in research and in the media. In general, this type of dietary
pattern focuses on plant-based foods such as fruits, vegetables, whole grains, legumes, nuts and
seeds, while limiting or excluding animal-derived products including eggs, meat and dairy.58-60
Sometimes, the term “PBD” is used interchangeably with vegetarianism or veganism. An
overview of the various definitions is provided here.

In general, vegetarian diets usually exclude meat, fish, and other animal products and
consist mostly of plant-based foods (fruits, vegetables, nuts, legumes, cereal etc.). To help
identify specifically which foods are included, there are several subgroups of vegetarianism:
lacto-vegetarian (includes dairy products), ovo-vegetarian (includes eggs), and ovo-lacto-

vegetarian (includes eggs and dairy products). The vegan diet is more exclusive and eliminates
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all animal-derived products including honey.5! Additionally, there are whole food vegans that
exclude processed foods in addition to all animal-based products and whole food, low-fat vegans
who are vegans, but further exclude processed as well as high fat plant-based foods such as
avocados, oils, nuts etc. Lastly, there are raw vegans who eliminate any cooked plant-based
foods.*®

There are also diets that allow some meat in a mostly vegetarian diet. For example, the
pesco-vegetarian/ pescatarian diet excludes meats except for fish.6? The flexitarian/ semi-
vegetarian diet allows for reduced consumption of meat and fish.6* However, the type and
the amount of animal foods included in the diet may differ. For example, some flexitarians
specify an acceptable quantity of animal-based foods per month or the inclusion of white meats
such as poultry and fish, but exclude red meats.>8° Table 2.1 below describes all definitions
provided here and other diets adapted from the Kent et al study.*® Approximately 5% of the US
follow a vegetarian diet while 2% of Americans identify as vegans.®3

Table 2.1. Definitions of plant-based diets

Plant-based diets Definition — all include plant-based foods: fruits,
vegetables, grains, nuts, seeds, beans, pulses in addition
to the components listed below for each diet

Vegetarian diets Includes Excludes
Lacto-vegetarian dairy meat, fish, and eggs
Ovo-vegetarian eggs meat, fish, and dairy
Lacto-ovo-vegetarian dairy and eggs meat and fish

Vegan diets Excludes all animal and animal-derived products

including honey
Includes Excludes
Whole food vegan unprocessed fruits, all animal and animal-
vegetables, grains, nuts, derived products and
seeds, beans, and pulses processed foods
Whole food low-fat vegan unprocessed and low-fat all animal and animal-
fruits, vegetables, grains, | derived products and
beans and pulses processed and high-fat
plant foods (oils,
avocado, nuts, etc.)
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Raw vegan

uncooked fruits, all animal and animal-
vegetables, grains, nuts, derived products and
seeds, beans, and pulses cooked foods

Plant-based diets

Includes some animal products

Includes Excludes

Pescatarian/ pesco-vegetarian

fish, dairy and eggs other meats

Semi-vegetarian flexitarian

fruits, vegetables, grains, | restrictions on meats
nuts, seeds, beans, pulses
and fish, dairy, eggs and
meat (on some but not all
days of the week)

Portfolio diet

A primarily vegetarian diet with the inclusion of 4 core
food components: 42 g nuts (tree nuts or peanuts); 50 g
plant protein from soy products or dietary pulses such
as beans, peas, chickpeas, and lentils; 20 g viscous
soluble fiber from oats, barley, psyllium, eggplant,
okra, apples, oranges or berries; and 2 g plant sterols
initially provided in a plant sterol-enriched margarine.

Mediterranean-style diet

Moderate meat and dairy and emphasis on certain
plant-based components, such as olive
oil, olives, nuts and moderate red wine intake.

Dietary approaches to stop
hypertension (DASH) diet

Fat-free/low-fat dairy over full-fat dairy products.
Poultry and fish in place of red and processed meats.
Limited sugar-sweetened foods and beverages and
sodium.

Healthy US-style diet

Based on recommendations from the USDA DGA.
Moderate dairy, mostly low-fat or fat-free. Protein
sources from seafood, lean meats, poultry, eggs, soy
products, nuts and seeds. Limited saturated fats,
sodium and added sugars.

Planetary health diet

Moderate seafood, poultry and dairy (if included at all).
Limit red meat, processed meat, added sugar, refined
grains, starchy vegetables and highly processed foods.

Nordic-style diet

Rich in fruits and berries, vegetables, rye, low-fat dairy
products and fish. Emphasis on local foods. Fats are
from canola oils.

Previously, some people in the research community have defined the term plant-based

diet by excluding all animal products including red meat, poultry, fish, eggs, and dairy

products.® Some excluded all oils when defining a PBD.® Others advocated for a more inclusive

definition of a PBD, “An eating pattern dominated by fresh or minimally processed plant foods

and decreased consumption of meat, eggs and dairy products. Compared to meat-centered diets,
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it involves increased consumption of a variety of grains (including whole grains), fruits,
vegetables, legumes, nuts and seeds. This does not necessarily mean a vegetarian diet.”>

About 50% of researchers used the term ‘plant-based diet’ interchangeably with
veganism, ~33% included dairy products and 20% of interventions encouraged a semi-vegetarian
diet. Given these varied definitions, a consensus of the term could help prevent confusion. In the
meantime, a plant-based dietary intervention reporting checklist has been created.®? Additionally,
with the increasing popularity of PBD, various terminologies to describe this type of diet have
also emerged, “plant-centered, plant-predominant, plant-rich, plant-focused, plant-forward etc.”%®

Using the definition given by Lea et al,%° some people categorize the DASH diet, the
Mediterranean diet, and the Nordic-style diet as plant-based diets. Considering that it is often
easier to make gradual incremental changes for most things, with diet being no exception this
latter definition was used in these studies. Furthermore, even reductions in animal products

instead of a complete elimination when combined with higher consumption of plant-foods is

associated with a lower risk of coronary heart disease.%

2.7 PBD indices

Several plant-based diet indices have been created for different dietary patterns
depending on which foods are incorporated and to what extent animal foods are excluded. These
dietary indices can be used to differentiate among the plant-based dietary patterns and quantify
their health associations. An overall plant-based diet index (PDI) was created from repeated
semi-quantitative FFQ data, where a positive score was given to all plant foods and reverse

scores to animal foods. This index does not differentiate plant-foods by nutritional content.%®
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Higher PDI scores have been associated with lower risk of chronic diseases including coronary
heart disease.®’

To differentiate between healthful and unhealthful plant foods, a healthful plant-based
index (hPDI) and an unhealthful plant-based diet index (UPDI) were also created. The hPDI
consists of healthy plant foods such as whole grains, fruits, vegetables, nuts/legumes, oils,
tea/coffee that received positive scores, while less healthy plant foods such as juices/sweetened
beverages, refined grains, potatoes/fries, sweets and animal products received reverse scores. To
create the uPDI, positive scores were given to the less-healthy plant foods while animal and
healthy plant foods received reverse scores. Diets with higher hPDI score are associated with
lower risk of CHD and diabetes type 2.5 Conversely, diets with high uPDI scores have been
associated with higher risks of CHD compared with healthy plant foods.®” Finally, the alternative
healthy eating index (AHEI), which has higher scores for healthy plant-based foods as well as for

some animal-sourced foods such as fish are also associated with lower risk of chronic diseases.%8

2.8 DASH diet

The Dietary Approaches to Stop Hypertension (DASH) diet was developed in the 1990s.
In 1992, the National Institute of Health funded several research studies to investigate different
dietary interventions and their effects on hypertension.®? The year 2017 marked the 201
anniversary for the DASH diet. It began as a 4-site, randomized controlled feeding study that
emphasized protein, fiber, potassium, magnesium and calcium while limiting foods with a high
saturated fat and sugar content. Compared to a typical American diet that was used as the

control, the DASH diet reduced systolic blood pressure (SBP) by 5.5 mmHg and the diastolic
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blood pressure (DBP) by 3.0 mmHg. These results were apparent starting just 2 weeks after

baseline across various subgroups of ethnicities, races, and genders in both hypertensive and

prehypertensive participants. It also became evident that reducing sodium enhanced the positive

results of the DASH diet on hypertension.5°

The following table has the specific recommendations of the DASH diet. Please see Table

2.2 below:

Table 2.2 Components of the DASH diet

Number of servings

Example

Grains

6 to 8 servings a day

One serving is one slice bread, 1 ounce
dry cereal, or 1/2 cup cooked cereal, rice
or pasta.

Vegetables

4 to 5 servings a day

One serving is 1 cup raw leafy green
vegetable, 1/2 cup cut-up raw or cooked
vegetables, or 1/2 cup vegetable juice.

Fruits

4 to 5 servings a day

One serving is one medium fruit, 1/2 cup
fresh, frozen or canned fruit, or 1/2 cup
fruit juice.

Fat-free or low-fat
dairy products

2 to 3 servings a day

One serving is 1 cup milk or yogurt, or 1
1/2 ounces cheese.

Lean meats, poultry,
and fish

six 1-ounce servings or
fewer

One serving is 1 ounce cooked meat,
poultry or fish, or 1 egg.

Nuts, seeds, or dry
beans and peas

4 to 5 servings a week

One serving is 1/3 cup nuts, 2 tablespoons
peanut butter, 2 tablespoons seeds, or 1/2
cup cooked dried beans or peas, also
called legumes.

Fats and oils

2 to 3 servings a day

One serving is 1 teaspoon soft margarine,
1 teaspoon vegetable oil, 1 tablespoon
mayonnaise or 2 tablespoons salad
dressing.

Sweets and added
sugars

5 servings or fewer a
week.

One serving is 1 tablespoon sugar, jelly or
jam, 1/2 cup sorbet or 1 cup lemonade.
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Additionally, the standard DASH diet limits sodium intake to 2300 mg while a reduced
sodium version limits it further to 1500 mg.”

PBDs such as the DASH diet will help address the shortages in micronutrients from a
lack of plant-based foods and will encourage foods that are naturally low in sodium chloride.
Lastly, since the DASH diet does not eliminate meats or dairy completely from the diet, but may
reduce meat intake, this could be an effective and safe way to transition to a healthier plant-based
diet. This would be an easier and safer method than trying to completely eliminate all meat at
once and possibly becoming deficient in protein and other nutrients that the meat provided,

especially in an older individual.
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Chapter 3: Methods

3.1 Conceptual framework

The examination of psychosocial variables associated with PBD consumption through the
DASH-Plus program draws primarily from the HBM and the TTM. The HBM theoretical
framework has been widely applied in behavior changes related to health outcomes.
Specifically, the perceived benefits and barriers constructs influencing behavior change were
included in the conceptual framework. Among the constructs of the HBM, research has shown
that perceived barriers are the strongest predictor of behavior change.= To assess changes in
readiness to consume a PBD using the DASH-Plus intervention, the TTM model was also
incorporated. Decision balance is an important aspect of this theoretical framework that also
involves considering the perceived barriers and perceived benefits. As perceived barriers
decreased and perceived benefits to consuming a PBD increased, it was hypothesized that
individuals would progress to a higher stage of change. Increased readiness is a mediator for
dietary behavior change and was chosen to demonstrate changes in PBD consumption of

participants.

42



DASH-Plus

Modifying factors Decisional balance Readiness levels Behavior change

o Demographics a Perceived barriers a Precontemplation
2 Knowledge B mp|= Contemplation mp PBD consumption
o Skills < a Preparation
a Action
a Perceived benefits 2 Maintenance

Figure 1. Conceptual framework of PBD consumption through the DASH-Plus program

3.2 Study overview

The overall goal is to better understand the characteristics of older adults who have
adopted a more PBD and investigate how to facilitate a successful transition to a more plant-
based diet using the DASH diet. To that end, the first study aims to understand the demographic
and psychosocial characteristics of hypertensive older adults in relation to a PBD and identify
factors that potentially influence the likelihood of adopting a plant-based dietary pattern in the
future. Individuals on a PBD diet were identified using their calculated PBD scores based on the
hPDI as measured by the administered FFQ. Secondly, the next study assessed the effect of the
DASH-Plus intervention on participants’ readiness to consume a plant-based diet (PBD) and
identified key socioeconomic and psychosocial factors including perceived barriers and benefits
that predict readiness levels, using longitudinal data collected at three-time points. Changes in
key constructs such as perceived PBD barriers and benefits were measured. Finally, the last

study evaluated the effectiveness of the DASH-Plus program in promoting PBD and identified
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key predictors in older adults (=60 years) with hypertension, utilizing longitudinal data from

three time points.

3.2.1 Study Design and Setting

These studies were conducted as sub-studies under the DASH-Plus initiative. The DASH-
Plus project is a 3-year hypertension management program guided by community-based
participatory research in partnership with the University of Maryland Extension (UME) system.
As the name suggests, the DASH-Plus program integrates the Dietary Approaches to Stop
Hypertension (DASH) diet with physical activity to help community-dwelling, older adults who
have hypertension manage their condition. The DASH-Plus intervention consists of three core
components: (1) Eight weekly DASH-plus education sessions (Dietary Approaches to Stop
Hypertension diet with exercise and HTN self-care skills), (2) weekly produce delivery to
increase produce accessibility and (3) self-measured blood pressure (BP) monitoring for 24
weeks. Additionally, the DASH-PIlus project also included educational opportunities for students
not described here. The overall objective of DASH-plus is to establish a sustainable platform for
research and education pertaining to hypertension management for older adults. Using a quasi-
experimental design, the project was conducted in the following eight counties across Maryland
where an Extension Educator is present to teach: Allegany, Baltimore, Cecil/ Kent, Montgomery,
Queen Anne’s, Wicomico, and Carroll County. In each county, an intervention and control site
were chosen by the respective Extension Educator responsible for that county. A total of 212

participants were recruited.
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3.2.2 Recruitment, screening and enrollment

Originally, the research team had planned to employ a cluster randomization method to
recruit study sites, participants, and test the effectiveness of the intervention. However, with the
uncertainty from the continuing effects of COVID-19 during the implementation phase, a quasi-
experimental design was used as a feasible way forward. Eight experienced Extension educators
recruited two sites in their respective counties, an intervention site and a corresponding control
site. Each prospective site was invited to host the DASH-Plus program as part of the study. Once
the study sites officially joined the study, supplemental recruitment material such as flyers were
sent to help with participant recruitment. The onsite director and staff also directly spoke with
community members as part of the recruitment process.

Potential participants went through an initial screening process during the baseline data
collection (week 0) using a 6-item Mini-Mental State Examination (MMSE) and blood pressure
was measured three times by trained research staff. Those who met the eligibility criteria and
passed the screening process proceeded with enrollment, after which a trained data interviewer
administered the remainder of the survey in a standardized process. The number of enrolled
participants varied at each site. A study protocol was developed to ensure the fidelity of data
collections, and an onsite project manager oversaw the interview process at each site. Written
informed consent was obtained from all participants, and the project was approved by the

University of Maryland, College Park’s Institutional Review Board.

3.2.3 Subjects

Inclusion criteria: The inclusion criteria for participants are: (1) >60 years of age, (2)

attends OAANP or other community sites for seniors regularly (at least three times per week),
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and (3) has systolic blood pressure (SBP) of 140-170 mm Hg and/or diastolic blood pressure
(DBP) of 80-100 mm Hg or is taking anti-hypertensive medication(s).

Exception criteria: The following individuals were not included in the study: (1) having
an acute and/or terminal condition such as terminal cancer, renal disease, and/or high alcohol
consumption (>14 alcoholic drinks per week), (2) having a psychiatric diagnosis precluding
participation, such as cognitive impairment as measured by the 6-item Mini Mental State Exam,

and (3) being underweight (BMI 18.5 kg/m?) or class 3 obese (BMI 45.0 kg/m?).

3.3 Intervention

1) 8-week DASH-plus education: The educational portion of the DASH-Plus intervention
consisted of eight interactive modules. See Table 3.1 below for a brief description of each
module. Each session was 60 - 75 minutes long and taught once a week by experienced UME
educators for a total of 8 weeks. It was strongly recommended that participants come to all 8
sessions and attendance was recorded. Each session began with a welcome statement introducing
the module topic, followed by 5 — 10 minutes of voluntary physical activities such as stretching
or light strength training adapted from the National Institute of Aging. Then the educational
materials with interactive activities embedded throughout were presented. Towards the end of
each session, a summary of the module called “Putting it altogether” was discussed and the
sessions concluded with a short cooking demonstration video with a relevant hypertension

friendly recipe.
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Table 3.1 Summary of DASH-Plus Modules

Sessions

Focus

Module 1: Introduction to
DASH-plus & Hypertension

Provides background information about hypertension, the
DASH diet, and physical activity component. Includes recipe
at the end with cooking demo video clip.

Module 2: Sodium

Addresses the amount of sodium included in the DASH diet,
common sources of sodium, and how to reduce sodium.
Includes recipe at the end with cooking demo video clip.

Module 3: Grains

Define grains, explains the difference between refined and
whole grains, and serving sizes. Includes recipe at the end
with cooking demo video clip.

Module 4: Fruit and
Vegetables

Discusses benefits of fruits and vegetables: decrease blood
pressure, fiber, vitamins, and minerals. Encourages 4 -5
servings of fruits and vegetables. Includes recipe at the end
with cooking demo video clip.

Module 5: Meats and other
protein

Defines what proteins are, explains how much protein is
needed, and meat alternatives. Includes recipe at the end with
cooking demo video clip.

Module 6: Dairy

Explains healthy dairy choices, dairy substitutes, benefits of
dairy, and cautions against sodium in certain dairy products.
Includes recipe at the end with cooking demo video clip.

Module 7: Fats and Sweets

Different types of fats introduced: saturated, unsaturated,
trans fats. Encourages reducing added sugar to <10g.
Includes recipe at the end with cooking demo video clip.

Module 8: Shopping and
Budgeting

2

Teaches how to grocery shop on a budget, read “sell by,
“use by,” and “best if used by” dates and labels. Includes
recipe at the end with cooking demo video clip.

2) Weekly produce box for 24 weeks: Additionally, the participants received a weekly produce

box of fruits and vegetables for all 24 weeks.

3) Self-measured blood pressure monitoring: Every intervention participant received their own

individual blood pressure (BP) monitor for them to keep and measure their BP at home. A BP

log was provided and detailed instructions on how to measure their BP accurately was covered in

the introduction section.
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4) Peer supporter: A peer supporter was also recruited at the intervention site, who acted as a
wellness champion to support and encourage the participants. This role was filled by a
participant, a staff member, or a volunteer involved with the project.

5) Hypertension- friendly recipe booklet: Intervention participants received a DASH-Plus tote

bag, a hypertension-friendly cookbook, and a binder with the slides of each session printed out.

3.4 Control Sites

The control sites received four non-diet related, pre-existing Extension programs that
were collectively advertised as Wellness-Plus. See Table 3.2 for a brief discussion of each
module. UME educators taught approximately 60-minute sessions biweekly (every other week)
for a total of 8 weeks, running concurrently with the intervention modules at the matching site.
These participants did not receive an individual BP monitor, weekly produce baskets, a
cookbook, or a tote bag. They were, however, given a small promotional item such as a food
thermometer, microwave cover etc. as compensation and to encourage attendance. They also
received binders with associated handouts where applicable. Once the 24-week study period was
concluded at the paired intervention and control site, the control site received a delayed
intervention. This provided control participants an opportunity to learn the DASH-Plus approach
but without additional incentives (BP monitors, weekly produce etc.). Lastly, if permitted by the
control center, a BP measuring station was set up.

Table 3.2 Summary of Wellness-Plus Modules

Sessions Focus

Provides fun facts, histories, and information on how to use
Module 1: Capture the flavor different herbs and spices. Excluded mentioning replacing
sodium and benefits to hypertension.
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Module 2: Food safety tips

Delivered in a trivia format, participants learned about
different
food safety tips by answering questions in teams.

Module 3: Green cleaning

Participants learned different ways household products such
as vinegar can be used to create non-toxic disinfectants to
reduce allergies and avoid using stronger detergents such as
chlorine and ammonia. Created their own green cleaning
sprays during class.

Module 4: How to talk to your
doctor and health professionals

Helped participants learn to communicate more effectively
with their providers. Included a binder with materials
discussed during the session.

3.5 Data collection

Data was collected at three different time points by trained data collectors for the DASH-

Plus study and sub-studies. First, the baseline questionnaire was administered a week prior to

either the intervention DASH-Plus or the control Wellness-Plus programs were implemented at

the respective sites. This was considered week 0. The week the intervention modules started was

considered week 1 of the study. After 8 weeks of educational sessions at the intervention site and

4 biweekly sessions at the control site, the following week (week 9), an intermediate

questionnaire was completed. Finally, at the end of study period (24-weeks), a third

questionnaire was completed around week 25. See Table 3.3 below for variables included in each

survey.

3.5.1 Baseline data collection

Baseline data was collected through a structured questionnaire that included

sociodemographic characteristics such as age, gender, ethnicity, race, marital status, education

49




level, annual household income, and self-perceived general health status (physical and mental).

In addition, the following measures were also collected.

3.5.2 Blood pressure measurements

Blood pressure was measured three times and then averaged at each time point.
Participants were asked to sit with their backs supported by the chair, legs uncrossed, with their
left arm at the level of their heart (right arm was used if needed) in a relaxed manner. A trained
research staff member then measured their BP using an automated blood pressure cuff with a

minute rest period between measurements.

3.5.3 Hypertensive self-care

Hypertensive self-care was assessed using the self-care activity level effects (H-Scale)
survey.’® It consists of four activities: medication adherence (3 items), low-salt diet (9 items),
physical activity (2 items), and smoking (2 items, one inquires about smoking status yes/no).
Participants were asked, “How many of the past 7 days did you (insert activity): from 0-7 days,
except for the smoking status question. For example, “Take your blood pressure pills?”, “Salt
your food at the table?” and “Do at least 30 minutes total of physical activity?” were activities
listed in the questionnaire. Each of the 4 sections resulted in a score that was averaged by the
number of items answered. A final composite score was totaled to represent the individual’s
amount of self-care. Higher scores represented more self-care behaviors with a score range from

0 - 105.

3.5.4 Psychosocial factors

Perceived barriers to consuming a PBD were assessed using a list of 10 items compiled

from earlier studies that included a significant proportion of the older adult population in their
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sample.®"" A 5-point Likert scale (strongly agree to strongly disagree) was used with a score
ranging from 1 to 5. For example, the perceived barrier, “I don’t want to change my eating habit
or routine” was measured from strongly agree to strongly disagree in the same manner used
previously and the top nine perceived barriers from that study were included in the present
study.>® Additionally, other papers reported that the enjoyment of meat was one of the main
barriers, so this was included as the tenth perceived barrier to adopting a PBD.””"8 (Cronbach’s
alpha: baseline = 0.65; 9 weeks = 0.72; 24 weeks = 0.80). A summative PBD barriers score was
then averaged by the number of items answered by each participant to account for missing
values. Higher scores were indicative of higher perceived barriers.

Perceived benefits to consuming a PBD for older adults were measured using a list of ten
items gathered by conducting a literature review using a 5-point Likert scale (strongly agree to
strongly disagree).5% 87 For instance, perceived benefits such as, “Decrease my saturated fat
intake” and “Improve my digestion” were included. A score range of 1 to 5 points was assigned
to each response where higher scores indicated a greater number of perceived benefits for
consuming a PBD (Cronbach’s alpha: baseline = 0.88; 9 weeks = 0.92; 24 weeks = 0.93). These
scores were then totaled and averaged by the number of items answered by each participant to
account for missing items.

Participants’ readiness to consume a PBD was determined using one question with
choices that corresponded to the five stages of change of the transtheoretical model. This
approach has been used previously.8-8 The responses were categorized as: precontemplation
stage (“I am not thinking about eating a PBD”), contemplation stage (“I am thinking about eating
more PBD...planning to start within 6 months”), preparation stage (“I am definitely planning to

eat a more PBD in the next month),” action stage (“I am trying to eat a more PBD now”), and
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maintenance stage (“I am already eating a PBD”). A score range of 1 to 5 was used where higher
scores suggested more readiness to consume a PBD.

PBD knowledge was assessed by adapting a questionnaire from a study that surveyed
medical providers (11 items) using a 3-point Likert scale (agree, not sure, disagree).8* Due to the
lack of a single definition of PBDs, ambiguous and controversial questions were omitted from
the scoring. For example, “Dairy is encouraged in a PBD” and “Fish is a necessary part of a
healthful diet” were excluded from the PBD knowledge scores as the answers to these questions
depends on the definition of a PBD being used (DASH diet, Mediterranean diet, lacto-vegetarian
diet, vegan etc.). A score of 1 was used for correct answers and 0 for not sure and incorrect
answers (Cronbach’s alpha = 0.57). The total scores of PBD knowledge scores were then

averaged by the number of items answered by participants to account for missing values.

3.5.5 Food Frequency Questionnaire (FFQ)

The analyses in the first and third studies are based on an individual’s healthy PBD score
computed to represent PBD consumption. A validated, short 15-item FFQ was used to collect
dietary intake. Starting with some background information about this FFQ, this survey was
designed as a screening tool that could be administered by personnel who may not have a
nutrition background. It is used to assess the diet quality based on the dietary recommendations
of the Nordic Nutrition Recommendations (NNR).8% At the time of the study, the most recent
version of the NNR was developed from 2012-2013 and published in 2014. The next edition was
published in June 2023.85 The Nordic diet is similar to the Mediterranean diet and is rich in
plant-based foods such as vegetables, fruits, legumes etc., but most of the fat intake comes from

canola oil instead of olive 0il.8” The original 15-item FFQ study was conducted in middle-aged
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adults and able to predict cardiovascular risk.2 It was then validated in older adults aged 70-
years old using an accepted method known as diet history (DH) for comparison. To gather the
DH of individuals, a dietitian conducts a semi-structured interview one-on-one that usually takes
about 60-90 minutes. During this time, the habitual dietary pattern is captured by estimating the
inventory of food intake over the last three months. This method has been validated and is
comparable to the heart rate method, activity diary, doubly labeled water, and the method that
calculates the ratio between energy intake and basal metabolic rate (BMR). The dietary intake
had 1810 different food items that were categorized into 35 food groups and was recorded as
grams of food item usually consumed per day/ week/ month to calculate the individual intake.®
The validated 15-FFQ was chosen in this study for several reasons. First, it was chosen
for the relatively short length to reduce the response burden and fatigue since the population of
interest in this study is older adults. Although response burden is not simply about the length of
the survey or time it takes to complete a questionnaire,®® there is some evidence to suggest a
longer survey could induce fatigue and reduce the quality of the data collected.®>*! To minimize
this possibility, a shorter questionnaire was chosen within the overall survey conducted. There
are four established DASH indices, however, these all require a much longer FFQ.%
Additionally, a long FFQ is difficult to administer and not feasible in a community nutrition
setting. Secondly, this shorter 15-item FFQ was validated in elderly individuals with an average
age of 70 years old,®® which is the target population. Thirdly, the researchers concluded that the
original short questionnaire was able to predict cardiovascular risk factors.® Since the research
topic focuses on participants with hypertension and elevated cardiovascular risk factors, this

survey was a good fit.
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Using the 15-item FFQ and the previously established hPDI, a similar scoring system was
adapted for data analysis. Positive scores were given to healthy plant groups, where higher
frequency received a higher score, and reversed scoring used for unhealthy plant-based and
animal foods. For example, the question, “How often do you eat vegetables (fresh, frozen or
cooked)?” had the following scores: twice a day or more (4 points), once a day (3 points), a few
times a week (2 points) and once a week or less (1 point). Conversely, the question, “How often
do you eat red meat (beef, pork or game)?” was scored in reverse: three times a week or more
often (1 point), twice a week (2 points), once a week (3 points), and a few times a month or less
(4 points). Furthermore, other healthy dietary behaviors also received positive scores based on
frequency (i.e. eating breakfast and avoiding excessive salt intake with hypertension). This is in
line with the argument being presented that a healthy PBD is more than eliminating meat since it
is possible for a person to have an unhealthy PBD. Sodium intake is especially relevant when it
comes to hypertension. Finally, some questions were not able to be scored since they did not
pertain to frequency such as the type of bread they consumed but provided additional
information about their diet. Omitting these questions gave each question equal weight with a
maximum of 4 points and a minimum of 1 point. Once the PBD scores were determined,
quartiles were created for the first study where the highest quartile represented older adults on a
more PBD and the lowest quartile represented a more average Western (meat-centered) diet. The

third study used the healthy PBD scores as a continuous variable over the three time points.

Table 3.3 Summary of sections included in each questionnaire

Baseline questionnaire Intermediate questionnaire | 24-week questionnaire

Week 0 Week 9 Week 25

« Demographics — age, « Blood pressure « Blood pressure
ethnicity, race, marital status, measurement x3 measurement x3
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living status, education,
income

e Blood pressure
measurement x3

e Physical health rating

e Mental health rating

e Medication adherence

e Composite measure of
Physical function

e Food security

e Perceived FV accessibility

o Self-care activity levels

e FFQ

« HTN knowledge

« Newest vital sign

e Geriatric Depression Scale

e PBD knowledge

« PBD Willingness

e Perceived barriers of PBD

o Perceived benefits of PBD

e Readiness to adopt a PBD

o Height and weight of
participants

Physical health rating
Mental health rating
Self-Administered
Comorbidity Questionnaire
(SCQ)

Medication adherence
Composite measure of
Physical function

Food security

FV accessibility

Groceries

Self-care activity levels
FFQ

HTN knowledge

Newest vital sign
Geriatric Depression Scale
Perceived barriers of PBD
Perceived benefits of PBD
Readiness to adopt a PBD
Meatless meals eaten
Height and weight of
participants

Physical health rating
Mental health rating
Self-Measured Blood
Pressure Monitoring Practice
Produce delivery feedback
Mobile Device Proficiency
(MDPQ-16)

Medication adherence
Composite measure of
Physical function

Food security

FV accessibility

Groceries

Self-care activity levels
FFQ

HTN knowledge

Newest vital sign

Geriatric Depression Scale
Perceived barriers of PBD
Perceived benefits of PBD
Readiness to adopt a PBD
Frequency of meal sources
Importance of various issues
when purchasing plant foods
Weight of participants

3.6 Evaluation and Analysis

3.6.1 Statistical analysis overview

All statistical analysis was performed using RStudio version 2024.12.1+563 and

Statistical Package for the Social Sciences (SPSS) software version 29.0.2.0 (20). Both

descriptive and inferential statistics were used. First, multiple imputations were performed to

address missing values in all 3 studies. This was followed by an appropriate model analysis.
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3.6.2 Analysis of Aim 1

Aim 1: Examine the psychosocial factors and demographic characteristics associated with a
healthy plant-based diet (PBD) consumption among hypertensive older adults (>60 y) and to
identify factors that potentially influence the likelihood of adopting a plant-based dietary pattern
in the future.

To evaluate the characteristics of older adults who consume a more PBD, their computed
PBD scores were used as the dependent variable. The final PBD scores based on the hPDI were
divided into quartiles where the top 25% consumed a more PBD and the bottom 25% represented
a more meat-centered and unhealthy PBD diet. Several characteristics associated with PBDs
previously were identified through a literature review. For example, differences in gender based
on vegetarian diets have been seen.=s= \Women are twice as likely as men to be vegetarian or
vegan in Western cultures and men reported having a more positive attitude associated with meat
consumption.= Additionally, compared to meat-eaters, vegetarians tend to be more educated. -
However, Alles et al = reported that in their sample in France, vegans were more likely to be
male and less educated. Vegetarians also tend to be younger,==+ and characteristics that
improved adherence to healthful dietary patterns in older adults included younger age within the
elderly population, living with company rather than alone, a higher education level, and more
physical activity.= Therefore, even though this was a cohort of older adults, they were
categorized by age (youngest-old: 65 - 74 y, middle-old: 75 - 84 y, oldest old: >85 y). Some
studies showed that vegetarianism is associated with higher socioeconomic status.= One study
showed an association between lower socioeconomic status with decreased consumption of a
healthful PBD.» Low- and middle-income individuals were shown to consume more processed

meats and less fish compared to individuals with a higher socio-economic bracket.» Income was
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collected, however, 13.7% (n=29) of the participants preferred not to respond or did not know
their income so this variable was omitted from analysis. Instead, education was used as a proxy
variable, a commonly used practice due to the strong correlation between income and education.
Finally, one study found that vegetarianism is stereotypically associated with White racial
backgrounds in the US.= However, the British Broadcasting Corporation in 2020 reported that a
higher percentage of Blacks (8%) were vegetarian, or vegan compared to the national average of
3% according to a Pew Research Center survey.

A cumulative logit model (CLM) was used to assess the relationship between the ordinal
response variable, PBD scores divided into quartiles, and the explanatory variables using

baseline data.

3.6.3 Analysis of Aim 2

Aim 2: To assess the effect of the DASH-Plus intervention on participants’ readiness to consume
a plant-based diet (PBD) and identify key socioeconomic and psychosocial factors including
perceived barriers and benefits that predict readiness levels, using longitudinal data collected at
three-time points.

For aim 2, older adults' readiness (precontemplation, contemplation, preparation,
action/maintenance) to consume a PBD was the primary outcome and evaluated as an ordinal
variable. Additionally, perceived benefits and perceived barriers of PBD were assessed as part of
decisional balance. It was hypothesized that these two variables would be key determinants and
that increasing perceived benefits and decreasing perceived barriers would increase an
individual’s readiness to consume a PBD through the DASH-Plus intervention. Other variables

associated with PBD readiness were also examined to determine the final model.
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3.6.4 Analysis of Aim 3

Aim 3: To evaluate the efficacy of the DASH-Plus program in promoting a plant-based diet
(PBD) consumption and identify key predictors influencing adoption outcomes in older adults
(>60 years) with hypertension, utilizing longitudinal data from three time points.

To assess aim 3, the PBD scores for all three time points based on the hPBD were used as
the primary outcome. A linear mixed-effects model (LMM) was used to evaluate the continuous
response variable to capture as much information and nuance as possible. Previously identified
variables that were significantly associated with PBD consumption were used and assessed

during model analysis.
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Chapter 4: Examining plant-based dietary adoption among hypertensive

older adults: characterizing psychosocial factors

4.1 ABSTRACT

Objective: Examine the psychosocial factors and demographic characteristics associated with a
healthy plant-based diet (PBD) consumption among hypertensive older adults (>60 y) and to
identify factors that potentially influence the likelihood of adopting a plant-based dietary pattern
in the future.

Design: Cross-sectional analysis of baseline data from a community-based hypertension project.
Participants: Hypertensive, community-dwelling older adults.

Variables Measured: The primary outcome was PBD consumption among participating older
adults, measured using a short, validated 15-item questionnaire based on the healthful plant-
based diet index (hPDI). Perceived barriers and benefits related to PBDs, readiness to consume a
plant-based diet, and sociodemographic information were also collected using structured
guestionnaires.

Analysis: A total of 207 participants were included in the final analytic sample. Descriptive
statistics were used to summarize sample characteristics and study variables. Ordinal logistic
regression analysis was performed to obtain odds ratios (OR).

Results: Compared to older adults living with roommates (OR = 0.17, 95% CI 0.05-0.60, p =
0.006), those living with family members showed a significantly higher likelihood of consuming
a healthy PBD. Participants’ stages of change (readiness) for a PBD were significantly associated
with healthy PBD consumption. Compared to those in earlier stages, individuals at the

action/maintenance stages (OR = 2.76; 95% CI 1.24-6.02, p = 0.01) reported significantly higher
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PBD consumption. Findings of this study also showed that older individuals more likely to
consume a healthy PBD were male (OR = 2.60; 95% CI 1.07-6.32), had fewer perceived barriers
(OR =0.34; 95% CI 0.19-0.61, p <0.001), maintained better hypertensive, self-care practices
(medication adherence, low-salt diet, physical activity, and smoking) (OR = 1.25; 95% CI 1.14-
1.37, p <0.001), and had fewer chronic diseases overall (OR = 0.85; 95% CI1 0.76-0.95, p =
0.004).

Conclusions and Implications: Living arrangements, especially residing with family members
(spouse or children), lower perceived barriers, and better self-care practices were significantly
associated with higher consumption of healthy plant-based foods. Readiness for a PBD may
predict actual dietary behavior while implying that greater readiness corresponds with a higher
likelihood of PBD adoption. Higher healthy PBD consumption was also associated with a lower
number of chronic diseases. Targeting perceived barriers and enhancing self-care strategies could
potentially facilitate the adoption of healthy plant-based dietary choices among hypertensive
older adults. Further research is warranted to better understand the variables affecting plant-

based dietary patterns in this population and their impact on health outcomes.

4.2 Introduction

Plant-based diets (PBDs) have been proposed as a sustainable solution to some of the
most prominent challenges currently faced by society: the burden of noncommunicable, chronic
degenerative diseases, climate change, and potential economic stressors.%®-103.67.104 \While the
term plant-based diet encompasses a diverse array of definitions and dietary patterns, in
commonality they all emphasize plant-based foods such as fruits, vegetables, legumes, nuts, and

seeds while reducing or eliminating animal-based products like meats, dairy, and eggs. Lacking
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consensus on a single definition, dietary patterns such as the Dietary Approaches to Stop
Hypertension (DASH) diet, the Mediterranean diet, and the more newly explored Nordic diet
have been included under the broad PBD category.5862195 This paper will use the broader
definition of a PBD that includes the DASH diet and other similar dietary patterns mentioned
above rather than a more exclusive definition such as vegan.

Among chronic conditions, evidence suggesting the benefits of healthy PBDs,
particularly against cardiovascular morbidity and mortality appear robust.69.66:106.107 Arterial
hypertension is a major risk factor for cardiovascular diseases such as heart failure, coronary
artery disease, stroke and other comorbidities including end-stage renal disease. It not only
represents a significant risk factor for cardiovascular complications but also threatens cognitive
functionality and autonomy with advancing age. Prevalence of this condition is on the rise
globally with the aging population.? It has been estimated by the National Health and Nutrition
Examination Survey (NHANES) that around two-thirds of adults 65 years old or older have
hypertension,* and recently published data from the US Centers for Disease Control and
Prevention’s National Center for Health Statistics reported that during August 2021-August
2023, the prevalence of hypertension was 71.6% for adults 60 and older.> Additionally, this is
one of the fastest-growing demographics. By 2060, nearly 1 in 4 people are projected to be aged
>65 years.® With increased life expectancy, those aged 80 years old will also have tripled by
2050 to 382 million from 2013.7 As the population continues to age, the incidence of chronic
diseases is expected to increase proportionately as well.

Over the last several decades, more research studies examining the positive effects of
PBDs on a range of health issues in addition to cardiovascular diseases have been published

including chronic kidney disease, type Il diabetes, cognitive decline, chronic musculoskeletal
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pain and function, and certain cancers.1%-112 Given these potential health benefits, studies
involving PBDs in older adults (age >60) are important considering that this is a vulnerable
population carrying most of the disease burden. Almost 95% of older adults have at least one
chronic condition, and close to 80% have two or more.® To intervene in a safe and effective
manner using healthy PBDs, a greater understanding of their perspective including their
perceived barriers, facilitators, and readiness in terms of PBDs is a necessary step to improve
their dietary pattern as well as chronic disease prevention and management.

Previously, a 2017 study investigating the prevalence of veganism and vegetarianism for
health reasons in the US found that individuals who adopted these dietary patterns were more
likely to be relatively young (30-65 years old), female, non-Hispanic, from the Western region,
at least high school educated, chronically ill, and physically active. Another study analyzing the
socioeconomic differences associated with PBDs reported that lower socioeconomic status with
a poverty income ratio <130% was associated with a decreased consumption of a healthful PBD.
This study also found that both their plant-based diet index (PDI) model and the healthful plant-
based diet index (hPDI) model, a validated index that categorizes healthy plant-based foods
(whole grains, fruits, vegetables, nuts, legumes, vegetable oils, tea and coffee) separately from
unhealthy plant-based foods (fruit juice, refined grains, potatoes, sugar sweetened beverages,
sweets and desserts) % showed an association between age, race/ethnicity, education level,
marital status, and poverty income ratio <130%.% These two studies reported the characteristics
associated with PBDs in the general population, but did not fully investigate the attributes
associated with older individuals, especially those who have a chronic condition. More studies
regarding PBDs in the older adult population are starting to emerge, but further studies are

warranted.
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The objective of this study was to examine the demographic information, psychosocial
variables, and other associated characteristics of hypertensive, community-dwelling older adults
(>60 y) who consume a healthy plant-based dietary pattern. By identifying these key factors, the
findings aim to inform potential strategies, future research, and other public health initiatives

using PBDs to address this pressing issue in this population.

4.3 Methods
4.3.1 Study Design and Setting

The present study was conducted as a substudy under the Dietary Approaches to Stop
Hypertension-Plus (DASH-Plus) project, a community-based hypertension project aimed at
helping community-dwelling, older adults manage hypertension. Guided by community-based
participatory research in partnership with the University of Maryland Extension system, the
DASH-Plus program was developed. As the name suggests, the DASH-Plus program is a series
of eight educational modules that integrate the DASH diet with physical activity and
hypertension self-care skills to help older adults who have hypertension manage their condition.
A detailed description of the DASH-Plus program is provided elsewhere. 14

The present study used the data collected at baseline. Written informed consent was
obtained from all participants, and the project was approved by the University of Maryland,

College Park’s Institutional Review Board.

4.3.2 Sampling

We contacted several local senior centers to participate in the study. After each site

agreed to join, recruitment flyers were sent to the study sites that advertised the details of the
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study. The directors and other staff members also actively participated in recruiting potential
study participants for the program. The inclusion criteria for participants were: (1) >60 years of
age, (2) attends community site for seniors regularly (at least three times per week), and (3) has
systolic blood pressure (SBP) of 140-170 mm Hg and/or diastolic blood pressure (DBP) of 80—
100 mm Hg or is taking anti-hypertensive medication(s). The following individuals were
exceptions to the study: (1) having an acute and/or terminal condition such as terminal cancer,
renal disease, and/or high alcohol consumption (>14 alcoholic drinks per week), (2) having a
psychiatric diagnosis precluding participation, such as cognitive impairment as measured by the
6-item Mini-Mental State Exam, and (3) being underweight (BMI 18.5 kg/m?) or class 3 obese
(BMI 45.0 kg/m?).

Trained research staff conducted eligibility screenings at each study site on scheduled
dates. Potential participants underwent cognitive impairment screening using the Mini-Mental
State Examination and hypertension assessment. Once a participant qualified by passing the
screening process, upon enrollment a trained data interviewer conducted the rest of the survey in

a standardized process. A total of n=212 participants were recruited at baseline.

4.3.3 Measures

Baseline data was collected through a structured questionnaire that included
sociodemographic characteristics such as age, gender, ethnicity, race, marital status, education
level, annual household income, and self-perceived general health status (physical and mental).
In addition, the following measures were also collected.

Plant-based diet score

A PBD score was computed to evaluate the characteristics of older adults who consumed

a healthy PBD. Using a validated 15-item food frequency questionnaire (FFQ) that was
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specifically tested for this age group (sample population was 70-year-olds) & and by adapting an
established healthful plant-based diet index (hPDI),%¢ a PBD score was determined. Positive
scores were given to healthy plant foods based on the hPDI, where higher frequency of
consumption received a higher score and reversed scoring was used for unhealthy plant-based
and animal-based foods. For example, the question, “How often do you eat vegetables (fresh,
frozen or cooked)?” had the following scores: twice a day or more (4 points), once a day (3
points), a few times a week (2 points) and once a week or less (1 point). Conversely, the
question, “How often do you eat red meat (beef, pork or game)?” was scored in reverse: three
times a week or more often (1 point), twice a week (2 points), once a week (3 points), and a few
times a month or less (4 points). In the original hPDI, meats and seafood or fish were two distinct
categories so the red meat (beef, pork, or game) and white meat (poultry e.g. chicken) items from
the questionnaire were combined and given 4 points for the lowest quartile frequencies and 1
point for the highest quartile frequencies. Fish or shellfish was scored separately from the meat
category.

Furthermore, other healthy dietary behaviors also received positive scores based on
frequency (i.e. eating breakfast 1>-118 and avoiding salty foods with hypertension 1%129), This is
in line with the argument that a healthy PBD is more than reducing or eliminating meat since it is
possible for a person to consume an unhealthy PBD.%® The total scores were then averaged by the
number of response items per participant to account for missing values. Questions that did not
pertain to frequency such as the type of bread they consumed were not scored but provided
additional information regarding their diet. Omitting these items gave each question equal weight
with a maximum of 4 points and a minimum of 1 point. Finally, the average scores were

separated into quartiles given the 4 response choices per item in the FFQ and relatively small
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sample size. The top quartile with the highest PBD scores indicated a dietary pattern consisting
of higher amounts of healthful plant-based foods while the bottom quartile with the lowest PBD
scores represented a more meat-centered and less healthy plant-based dietary pattern based on
the hPDI. This PBD score served as the primary outcome and was used to identify potential
psychosocial factors and other characteristics associated with healthy PBD consumption.

Psychosocial factors

Perceived barriers to consuming a PBD were assessed using a list of 10 items compiled
from earlier studies that included a significant proportion of the older adult population in their
sample.>®7" A 5-point Likert scale (strongly agree to strongly disagree) was used with a score
range from 1 to 5. For example, the perceived barrier, “I don’t want to change my eating habit or
routine” was measured from strongly agree to strongly disagree in the same manner used
previously and the top nine perceived barriers from that study were included in the present
study.>®Additionally, other papers reported that the enjoyment of meat was one of the main
barriers, so this was included as the tenth perceived barrier to adopting a PBD.””"8 (Cronbach’s
alpha = 0.65). A summative PBD barriers score was then averaged by the number of items
answered by each participant to account for missing values. Higher scores were indicative of
higher perceived barriers.

Perceived benefits to consuming a PBD for older adults were measured using a list of ten
items gathered by conducting a literature review using a 5-point Likert scale (strongly agree to
strongly disagree).5% 87 For instance, perceived benefits such as, “Decrease my saturated fat
intake” and “Improve my digestion” were included. A score range of 1 to 5 points was assigned

to each response where higher scores indicated more perceived benefits for consuming a PBD
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(Cronbach’s alpha = 0.88). These scores were then totaled and averaged by the number of items
answered by each participant to account for missing items.

Participants’ readiness to consume a PBD was determined using one question with
choices that corresponded to the five stages of change of the transtheoretical model. This
approach has been used previously.8%-83 The responses were categorized as: precontemplation
stage (“I am not thinking about eating a PBD”), contemplation stage (“I am thinking about eating
more PBD...planning to start within 6 months”), preparation stage (“I am definitely planning to
eat a more PBD in the next month),” action stage (“I am trying to eat a more PBD now”), and
maintenance stage (“I am already eating a PBD”). A score range of 1 to 5 was used where higher
scores suggested more readiness to consume a PBD.

PBD knowledge was assessed by adapting a questionnaire from a study that surveyed
medical providers (11 items) using a 3-point Likert scale (agree, not sure, disagree).8* Due to the
lack of a single definition of PBDs, ambiguous and controversial questions were omitted from
the scoring. For example, “Dairy is encouraged in a PBD” and “Fish is a necessary part of a
healthful diet” were excluded from the PBD knowledge scores as the answers to these questions
depends on the definition of a PBD being used (DASH diet, Mediterranean diet, lacto-vegetarian
diet, vegan etc.). A score of 1 was used for correct answers and 0 for not sure and incorrect
answers (Cronbach’s alpha = 0.57). The total scores of PBD knowledge scores were then
averaged by the number of items answered by participants to account for missing values.

Hypertensive self-care was assessed using the self-care activity level effects (H-Scale)
survey.*?! It consisted of four components: medication adherence, low-salt diet, physical activity,
and smoking. Participants were asked, “How many of the past 7 days did you (insert activity):

from 0-7 days. For example, “Take your blood pressure pills?” and “Do at least 30 minutes total
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of physical activity?” were activities listed in the questionnaire. Scores ranged from 0 to 7 and
items that represented non-hypertensive self-care activities such as “Salt your food at the table,”
were reverse scored so that higher scores represented more self-care behaviors. Each of the total
scores in the 4 sections was then averaged by the number of items answered by the participant
per section to account for missingness. A final composite score of all 4 sections was used to

represent the individual’s level of self-care.

4.3.4 Statistical Analysis

Statistical analysis was performed using RStudio version 2024.12.1+563 and Statistical
Package for the Social Sciences (SPSS) software version 29.0.2.0 (20). Both descriptive and
inferential statistics were used to assess the relationship between the ordinal response variable,
PBD scores divided into quartiles, and the explanatory variables. Possible independent predictors
associated with PBDs and the hypertensive, older adult population were identified through a
literature review. Sociodemographic factors such as sex (female, male), age categories
(youngest-old: 65 - 74 y, middle-old: 75 - 84 y, oldest old: >85 y), race (African American/
Black, Asian, Caucasian, Other), education (less than high school, high school/GED, post high
school education through college, post-graduate studies including graduate/professional degrees),
and living arrangement (lives alone, lives with family - spouse and/or children, lives with others)
were considered. Hypertensive self-care consisting of medication usage, low-salt diet, physical
activity and smoking status was assessed. In addition, perceptions and beliefs such as perceived
barriers, perceived benefits, and readiness to adopt a PBD as well as PBD knowledge were also
included as potential associated factors. Lastly, measured health traits such as the number of self-
reported chronic medical conditions/diseases, average SBP, average DBP, BP controlled

(<130/80 mmHg) versus uncontrolled (>130/80 mmHg) according to the American Heart
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Association,'%46 number of anti-hypertensive medications, and body mass index (BMI) were
investigated as other possible independent variables. Income was collected, however, 13.7%
(n=29) of the participants preferred not to respond or did not know their income so this variable
was omitted. Education was used as a proxy variable, a commonly used practice due to the
strong correlation between income and education.

To address missing values, imputation was considered if less than 20% of the individual
variable was missing using the multiple imputation by chained equations (MICE) method. Once
missing values were imputed and reviewed, the 16 potential predictors of a plant-based dietary
pattern in hypertensive, older adults were first analyzed using univariate ordinal logistic
regression. Only significant variables (p <0.05) were included in the univariate cumulative logit
model. This was followed by backward elimination multivariate ordinal logistic regression
analysis. Five significant variables were identified this way: living arrangement, number of
medical conditions, hypertensive self-care, readiness to adopt a PBD, and perceived PBD
barriers. A backward stepwise regression analysis starting with all 16 variables was further
conducted to comprehensively assess their joint predictive ability and the least statistically
significant variable (p >0.05) was removed one at a time. This model yielded 8 variables total,
the initial 5 variables from the univariate analysis as well as sex, average SBP, and uncontrolled
BP (<130/80 mmHg) versus controlled BP (>130/80 mmHg).

Final model selection occurred through Akaike information criterion (AIC) and Bayesian
information criterion (BIC). With each iteration, a model where the AIC value decreased by 2
units was considered a statistically significant improvement 22 and a decrease in BIC value
between 5 and 10 units was considered strong.'?®> A model with the smallest absolute AIC and

BIC values was considered a better model.*?* Multicollinearity was tested using variance
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inflation factor (VIF) and generalized variance inflation factor (GVIF). No significant
multicollinearity was found among the variables (VIF/GVIF < 2). The proportional odds
assumption was assessed through the Brant test; the results showed that the parallel regression
assumption held. Finally, the goodness of fit for the final model was examined through the
Lipsitz test, the Pulkstenis-Robinson chi-squared test, the Pulkstenis-Robinson deviance test, the

Hosmer-Lemeshow test, and the Nagelkerke R squared for ordinal regression.

4.4 Results

4.4.1 Socio-demographic characteristics of participants

Of the 212 total number of participants enrolled in the study, the average age was 74 +
7.5 years old with slightly over half (51.9%) of the participants in the youngest-old (64 - 74 y)
category. A large majority were female (88.7%), non-Hispanic (92.9%), and over half the
individuals were Caucasian (57%). About 21% had a high school diploma/GED and 41% had an
education level ranging from post-high school training through a 4-year college diploma. Half of
the participants lived by themselves (50%), while many lived with family members such as a
spouse/partner and/or children (42%). Most participants were prescribed one or more anti-
hypertensive medication(s) (96.2%) and took an average of 1.7 + 0.8 (median: 2; mode:1) anti-
hypertensive medications. The average measured SBP was 137 + 20 mmHg, the average DBP
was 79 + 11 mmHg, where 31.9% had their blood pressure under control (<130/80 mmHg), and
the average number of self-reported medical conditions was 6 + 2.6. The mean BMI was 31.0 £

6.4 kg/m?, with 48.1% classified as obese.
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Table 4.1. Baseline demographics (n =212)

Variables mean £SD n (%)
Age 74+75 211 (99.1)
64-74y 110 (51.9)
75-84y 81 (38.2)
>85y 19 (9.0)
Sex
Female 188 (88.7)
Male 24 (11.3)
Ethnicity
Non-Hispanic/ Non-Latin American 197 (92.9)
Hispanic/ Latin American 11 (5.2)
Prefer not to answer 1(0.5)
Race
Caucasian 121 (57.1)
Black or African American 70 (33.0)
Asian 10 (4.7)
Other 9(4.2)
Prefer not to answer 1 (0.5)
Living arrangement
Alone 106 (50.0)
Family (spouse/partner and/or children) 89 (42.0)
Other (i.e. Roommate) 17 (8.0)
Education
Less than high school 33 (15.6)
High school graduate/ GED 45 (21.23)
Post-high school training through college 87 (41.0)
Post-college through graduate/ 47 (22.2)
professional degrees
Taking antihypertensive medications
Yes 204 (96.2)
No 8(3.8)
Average number of anti-hypertensive medications 1.7+£0.8
(range: 0 - 4)
Blood pressure
Average SBP (mm Hg) 137 £ 20 211 (99.5)
Average DBP (mm Hg) 79+11 210 (99.1)
Controlled (<130/80 mmHg) 56 (31.9)
Uncontrolled (>130/80 mmHg) 126 (68.1)
Number of medical conditions 6+£2.6
(range: 1 - 16)
Anthropometric measurements
BMI (kg/m?) 31.0+6.4
Healthy weight (18.5 and 24.9 kg/m?) 30 (14.2%)
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Overweight (25 and 29.9 kg/m?) 76 (35.8%)
Obese (=30 kg/m) 102 (48.1%)

*Gender included 1 person who identified as non-binary/third gender

4.4.2 Knowledge, perceived barriers, benefits, and readiness related to PBD consumption

The average scores for PBD-related knowledge, perceived barriers, benefits, and
readiness are summarized in Table 4.2. The average PBD knowledge score was 0.623.
Participants demonstrated high awareness of certain aspects, correctly identifying that dark green
leafy vegetables are high in iron (94.3% correct) and nuts are high in protein (93.4% correct).
However, knowledge gaps were evident regarding vitamin B12 monitoring in a PBD (30.2%
correct) and plant sources of omega-3 fatty acids (29.2% correct). Regarding protein knowledge,
82.5% correctly disagreed with the statement that animal proteins are the only quality protein
sources, yet only 43.4% correctly disagreed with the statement, “You cannot get enough protein
on a PBD.”

Of the top ten barriers measured, the largest perceived barrier for this population was that
they needed more information about PBD (85.4% agreed) and not having enough plant-based
choices when eating out (44.4% agreed) was ranked second. In terms of benefits, 89.6% agreed
that increased fiber intake was the most important benefit of PBDs for older adults followed by
the agreement (86.7%) that PBDs helped them stay healthy. The stages of change were surveyed
to determine readiness to consume a PBD. A quarter of the participants were in the
precontemplation stage, 20.3% were in the contemplation stage, 23.6% were in the preparation
stage, 25% were in the action stage, and only 3.8% were in the maintenance phase. The latter

two stages were combined for analysis due the small sample size of the maintenance phase.
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Table 4.2 Mean scores of psychosocial factors and knowledge related to PBD

Average + SD or n(%)
PBD knowledge (11 items, range O - 1) 0.62 £0.18
Perceived barriers (10 items, score range: 1-5) 2.89 + 0.53

Perceived benefit (10 items, score range: 1-5) 4.01 £ 0.50
Readiness to adopt PBD

Precontemplation 53 (25.0%)
Contemplation 43 (20.3%)
Preparation 50 (23.6%)
Action 53 (25.0%)
Maintenance 9 (3.8%)

4.4.3 Predictors of plant-based dietary patterns in hypertensive, older adults

Based on the selection process detailed in the methods section, the final ordinal logistic
regression included the following 8 variables: (1) living arrangement, (2) sex, (3) PBD readiness,
(4) BP controlled (<130/80 mmHg) vs. uncontrolled (>130/80 mmHg), (5) average SBP, (6)
number of medical conditions/diseases, (7) hypertension self-care, and (8) PBD barriers. With
the exception of BP controlled vs. uncontrolled, all other variables were statistically significant
(p <0.05) shown in Table 4.3. This non-significant variable was still included in the final model
because it helped explain the relationship between BP, an important variable in this cohort and
the dependent variable. The AIC also increased slightly, although not to a significant degree
when the variable was removed.

First, living arrangement was a key variable associated with consumption of a healthy
PBD in hypertensive, older adults. Older individuals living with family members were more
likely to adopt a healthy PBD compared to those living with a non-related roommate (OR = 0.17;
95% C1 0.05-0.60, p =0.006). The second variable in the present model was sex. Older males

were 2.60 (95% CI 1.07-6.32) times more likely than older females to consume a more PBD (p =
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0.035). Next, the average SBP was a significant variable (p =0.010) when assessing the
consumption of a healthy PBD, but the OR (1.02; 95% CI 1.01-1.04) was not meaningful. When
analyzing differences in plant-based dietary patterns between older adults who had their BP
under control, defined by the American Heart Association as <130/80 mmHg, and those whose
BPs were uncontrolled (>130/80 mmHg), the results did not reach statistical significance (p =
0.074). The number of chronic conditions (p =0.004) was also significantly associated with a
healthy PBD. Older individuals whose dietary pattern included more healthful plant-based foods
had 15% fewer chronic diseases (OR = 0.85; 95% CI 0.76-0.95). The sixth variable in the model
was hypertensive self-care (p <0.001). Individuals with higher levels of hypertensive self-care
activity were 1.25 (95% CI 1.14-1.37) times more likely to consume a PBD. Lastly, four
psychosocial factors were analyzed regarding PBD consumption: PBD barriers, PBD benefits,
PBD readiness and PBD knowledge. Of these four variables, PBD perceived barriers (p <0.001)
and readiness were included in the final ordinal regression model. Those with higher perceived
barriers to consuming a PBD were 66% less likely to adopt this dietary pattern. Finally, PBD
readiness was measured using the five stages of change. The action/maintenance phase (p = 0.01)
was statistically significant compared to the precontemplation stage in relation to a healthy PBD.
Older individuals who indicated that they were currently trying to consume a PBD and those
who were already eating a PBD (maintenance phase) were 2.73 (95% CI 1.24 - 6.02) times more
likely to consume a healthy PBD.

The following 8 variables were considered in the initial model, but excluded from the
final model: age categories, race, education, BMI, number of anti-hypertensive medications,

PBD perceived benefits, PBD knowledge, and average DBP. These factors did not contribute
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significantly to the outcome variable and did not improve the model based on the AIC and BIC

values.

Table 4.3 Predictors of plant-based dietary patterns in hypertensive, older adults

Predictors Regression Standard Odds ratio of P value
coefficient error adopting a PBD

1. Living arrangement

Family Reference

Alone -0.036 0.282 0.90 (0.55-1.68) 0.90

Others -1.796 0.652 0.17 (0.05- 0.60)  0.006**
2. Sex

Female Reference

Male 0.955 0.450 2.60 (1.07-6.32) 0.035*
3. Blood pressure

Uncontrolled Reference

Controlled 0.719 0.400 2.05(0.93-4.52) 0.074
4. Average SBP 0.024 0.009 1.02 (1.01-1.04) 0.010*
5. Number of medical -0.161 0.055 0.85(0.76 - 0.95)  0.004**
conditions
6. Self-care score 0.226 0.047 1.25(1.14-1.37) <0.001***
7. PBD barriers -1.094 0.300 0.34(0.19-0.61) <0.001***
8. PBD readiness (stages of change)

Precontemplation Reference

Contemplation -0.305 0.410 0.74 (0.33-1.66) 0.46

Preparation -0.163 0.389 0.85(0.39-1.83) 0.68
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Action/Maintenance 1.006 0.400 2.73(1.24-6.02) 0.01*

*Statistically significant p value <0.05
**Statistically significant p value <0.01
***Statistically significant p value <0.001

4.4.4 Ordinal logistic regression models

The final model (AIC: 509.29; BIC: 555.95) was a significantly better fit compared to the
null model (AIC: 578.8147; BIC: 588.8128; X2 =91.53, p <0.001). The Lipsitz test (p = 0.56),
the Pulkstenis-Robinson chi-squared test (p = 0.92), the Pulkstenis-Robinson deviance test (p =
0.88), and the Hosmer-Lemeshow test for ordinal regression (p = 0.66) were also used to test
model goodness of fit. All were non-significant indicating a good model fit. Finally,
Nagelkerke's R =0.357 suggested that the ordinal logistic regression model explained 35.7% of
the variance in the outcome variable using the existing response variables, and the remaining
were accounted for by possible error terms and other factors.

Table 4.4 Model Comparison

Model AIC _ BIC _ Pr(Chi)
Null model 578.81 588.81

Final model (8 variables) 509.29 555.95 <0.001

Table 4.5 Goodness of fit test for ordinal logistic models

Test Likelihood Ratio Degree of P-value
statistic/ Chi square freedom

Lipsitz test 7.75 9 0.56

Pulkstenis-Robinson chi-squared test 88.98 109 0.92

Pulkstenis-Robinson deviance test 91.84 109 0.88

Hosmer-Lemeshow test (ordinal version)  8.55 11 0.66

Table 4.6 Model Summary

Nagelkerke R Cox & Snell R Mcfadden R
squared squared squared
0.357 0.381 0.160
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4.5 Discussion

In this cross-sectional analysis of predictors that characterized hypertensive, community-
dwelling, older adults (>60 y), several key factors influenced the consumption of a healthy PBD.
First, this study found that living arrangement was an important explanatory variable which is in
line with previous findings.'?>-128 However, comparing participants who lived with family
members to those living alone was not statistically significant, which is a deviation from earlier
studies. Numerous studies have reported that older people living by themselves tended to have
lower diet quality overall in relation to those living with family members. Specifically, older
adults who lived alone tended to consume a lower variety of foods,?5-128 less fruits,125127.128
vegetables,'26:128 and fish.?

Additionally, due to the limited sample size, the participants in the present study who
lived with spouses/partners were not separated from those who lived with children but rather
categorized into one group under family. Previously, however, differences between these two
groups have been seen. The most consistent finding over several decades including the NHANES
I and 111 1988-1994 studies showed that older adults living with a spouse/partner only, had the
most beneficial effects in terms of diet quality.'?>127-130 Those who lived with a spouse/partner
were less likely to skip breakfast and have more regular eating times.'?® Interestingly, the
NHANES 111 study mentioned that although it did not reach significance, Mexican-American
women aged >65 y consistently had poorer diets when living with a spouse/partner only.*?
These findings suggest that there may be a cultural aspect associated with living arrangements
and dietary patterns that needs to be investigated further.

Living arrangements can also impact psychological and mental health factors that may

shape dietary choices and intake. Not all older people who live alone are isolated, but most who
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are isolated live alone.®®! Research suggests that the risk of social isolation and loneliness are
higher in those who live alone, although it is possible to feel lonely in a marriage, friendship,
family, or congregation.*®-32 Moreover, it has been found that loneliness is a significant
predictor of malnutrition in the elderly. Older adults who lived alone consumed fewer meals per
day and had significantly lower intake of fruits and vegetables in their diet compared to those
who lived with family.*® Finally, social isolation and loneliness have been associated with the
development of depression and for older individuals, nutritional deficits and depression have also
been connected.*?® Older adults who lived alone were more likely to be depressed than when
living with a spouse/partner or children.?® Participants in a recent study reported feeling less
lonely when living with a spouse/partner in relation to those living with children only and this
was mediated by eating irregularity.**° These additional factors may help explain the findings
that older persons who lived with family had better dietary habits that included more plant-based
foods than those who lived by themselves.

In addition to the living arrangements explored above, the category of living with others
was a significant finding in this study. Compared to those living alone and with family, older
adults living with a non-related roommate (others) were less likely to consume a PBD. One
possible explanation may be due to financial reasons. As mentioned earlier, although there was
missing income data in the present study, of those collected a higher percentage of older adults
living with others reported an income of <$20,000 (33.3%), compared to individuals living with
family (16.5%) and alone (27.4%). Similarly, using education as a proxy for income, a higher
percentage of older adults living with family (19.8%) and living alone (26.5%) had a post-
baccalaureate to graduate/professional degree compared to those living with others (6.7%).

Socioeconomic status has been shown to be associated with living arrangements, where
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participants who lived alone or with their children had a lower monthly income and were less
satisfied with their economic condition than participants who lived with a spouse/partner
only.1?5127.129 In g similar manner, older adults who lived with non-family roommates may have
done so out of economic concerns.

Alternatively, those who marked that they lived with others may also live in an assisted
living facility suggesting poorer health. Older individuals who lived with others had lower self-
care scores than those who lived with family and those who lived alone. Older adults who lived
with others also reported lower overall mean physical health and mental health scores compared
to individuals who lived with family and those who lived alone. However, those who lived with
others did not report more average medical conditions than the other two groups. These results
support the NHANES 111 findings that simply living with someone does not improve eating
behaviors, but rather who they live with should be strongly considered,*?® especially those living
with a non-related roommate(s).

Consistent with previous findings, sex differences in our study was significant when
analyzing the association with PBD consumption in older adults. Vegetarian diet differences
between genders have been commonly observed.5393-% Contrary to previous findings, however,
our study showed that older males had higher consumption of plant-based foods compared to
females. Earlier studies found that women are twice as likely than men to be vegetarian or vegan
in Western cultures and men reported having a more positive attitude associated with meat
consumption.®® An alternate 2017 French study found that vegans were more likely to be men
and less educated.®® Additionally, when living arrangement was stratified by sex, many studies
indicated that older men living alone generally consumed more unhealthy food products than

older women.'?-130 The NHANES I study found that older males living alone with lower income
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had the worst dietary outcomes and that older females had better dietary intake regardless of
income.?® Unfortunately, the following NHANES I1I study analyzing living arrangements in
older adults was not able to include income data due to missingness.'?® A more recent 2024
Chinese study, however, reported that females living alone experienced more negative impacts
on their eating habits than men. This study mentioned that Asian studies often single out older
individuals who lived alone as having more serious mental health problems, but they commented
that western studies contradicted their findings.?®> These various findings also suggest a possible
cultural aspect that can affect dietary patterns in conjunction with living arrangement.

Another finding was that the average SBP was associated with the consumption of a
healthy PBD, but the odds ratio was not meaningful. These results are different from numerous
previous studies that have shown that people with lower BP tend to consume a more healthful
PBD.60:104.106,134-138 The present study’s results may be due to the fact that the study was
conducted on a cohort of hypertensive individuals only, while the other studies involved a wider
range of BPs including participants with normal BPs. A related variable, although it did not
reach significance was the differences in plant-based dietary patterns between older adults who
had their BP under control, defined by the American Heart Association as <130/80 mmHg versus
uncontrolled (>130/80 mmHg).*** It should be noted these cutoff points for controlled and
uncontrolled BP in the older adult population are controversial. The Systolic Blood Pressure
Intervention Trial (SPRINT) Study found that for adults aged >50 y, compared to controlling
SBP to <140 mm Hg targeting SBP to a goal of <120 mm Hg using medication and lifestyle
modifications had better health outcomes. A more intensive management of SBP reduced
cardiovascular events by 25 percent and reduced the overall risk of death by 27 percent.*®

However, depending on the organization, the recommended target BP may be different.
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Congruent with previous study findings, older adults consuming a healthy PBD had
fewer chronic diseases. Many studies have reported beneficial health effects that have helped
prevent and manage noncommunicable, chronic conditions including hypertension.67:112.140
Another finding from this study is that self-care (medication adherence, low-salt diet, physical
activity, and smoking) was also significantly associated with the consumption of a healthy PBD
in older adults. A low-salt diet has been strongly linked to better hypertension management and
prevention and was included as part of a healthy PBD for this population.8>88.119.120 One study
found that older men who lived with a spouse/partner only reduced their intake of sodium in their
diet.1®0 Contrastingly, another study showed that older people living by themselves consumed
less excessive salt and pickled foods in their diet.*?®> This suggests that decreasing the intake of
sodium may be influenced by multiple factors including living arrangements.

Perceived barriers were also significantly associated with PBD consumption in this
population. The strongest perceived barrier for this population was that they needed more
information about PBD and this was similar to a 2006 study that reported that the top barrier for
older adults was unwillingness to alter eating habits and the second strongest barrier was lack of
information about PBD.>® The overlap and recent increase in rankings suggest that providing
more information about this type of dietary pattern could be a helpful strategy to promote PBD in
older adults. An alternate 2015 study that included a larger proportion of older adults reported
that the enjoyment of eating meat was the greatest barrier to adopting a PBD followed by the
belief that meat is a nutritionally necessary component for humans. Finally, opposite to the 2006
study, these researchers found that perceived barriers related to PBD decreased with older adults

rather than increasing and mentioned that meat consumption tended to decrease with age,
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particularly for women.”” Both these papers suggest that addressing barriers to PBD is a key
factor when helping older adults shift their dietary patterns toward more plant-based options.

Lastly, readiness was also found to be associated with PBD consumption in this
population. Older adults in the action/maintenance stage were found to have increased intake of
plant-based foods compared to the precontemplation stage. This is consistent with an earlier
Australian study that included a higher proportion of older adults (24.2%) than the public based
on the 2001 census (17.5%). In that study, it was reported that individuals in the
action/maintenance stage had higher intake of plant-based foods such as fruit, vegetables, nuts,
seeds, whole-meal bread, and cooked cereals than those in earlier stages. They did not find a
difference on stages of change based on sex.®

Several variables were omitted from the final model in the present study including age,
race, education, BMI, PBD perceived benefits, PBD knowledge, average DBP, and number of
anti-hypertensive medications. Some of these findings do not align with previous studies. In an
earlier 2017 study investigating the characteristics of Americans choosing vegetarian and vegan
diets for health reasons, age, gender, race, education, and BMI were all statistically significant in
their model.%

Another study analyzing the socioeconomic differences associated with PBDs also
showed an association between age, race/ethnicity, education level, marital status, and poverty
income ratio <130%. They reported that lower socioeconomic status with a poverty income ratio
<130% was associated with a decreased consumption of a healthful PBD and that older age,
higher education, being married or living with a partner, and alcohol consumption were less
likely to be associated with a poverty income ratio <130%.% Low- and middle-income

individuals were shown to consume more processed meats and less fish compared to individuals
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with a higher socio-economic bracket.®” As mentioned earlier, due to missing data in the present
study although income levels of participants were collected, this data was removed from analysis
due to missing values. Education was used as a proxy variable, but no significant differences
were found among participants' level of education. Other studies have previously found that
compared to meat-eaters, vegetarians tended to be more educated in general 53939 One 2017
study, however, had contradicting findings that vegans were more likely to be men and less
educated.®

In terms of race, it was reported that vegetarianism is stereotypically associated with
White racial backgrounds in the US.% However, the British Broadcasting Corporation found that
in 2020 that a higher percentage of Blacks (8%) were vegetarian, or vegan compared to the
national average of 3% according to a Pew Research Center survey and that Black Americans
were almost three times as likely to be vegan or vegetarian compared to other racial groups.4

Having increased knowledge about PBD can help increase awareness, develop or
improve skills, as well as explain why and how a change needs to be made. However, knowledge
alone may not be sufficient to change behavior.'#? For example, other factors such as food
insecurity and quality of the food supply have been shown to influence dietary choices.'*® The
other variables in this model (i.e. living arrangements, readiness etc.) are also examples of
factors besides knowledge that can affect an older person’s plant-based dietary choices.

Finally, higher PBD perceived benefits did not correspond to consumption of a PBD,
which is similar to other findings. According to the Food Information Council’s Food and Health
Surveys (2012-2022), a growing number of US consumers are aware of the benefits including

health, environmental, and social sustainability, but the adoption of plant-rich dietary patterns
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and practices remain low.** This suggests that PBD benefits may not be the best way to shift
older adults’ dietary patterns towards a more plant-based one.

To our knowledge, this is one of the first studies investigating the characteristics
associated with PBD in community-dwelling, hypertensive, older adults. As such, the findings
reported through this analysis should be carefully considered with certain limitations. First, the
design of the study is cross-sectional and cannot show causation, only association due to its
observational nature. Second, the sample size is modest (n=212) and most of the participants
included in the study were female, so findings may be less generalizable to the entire older adult
population and older males. Third, a short 15-item FFQ was used and did not include all of the
components of healthy plant-based foods such as legumes, tea, and coffee from the hPDI. This
method may not have been able to fully capture a person’s healthy PBD compared to a longer
FFQ with more items. However, this is a validated survey that tested diet quality in older adults
with cardiovascular disease and may be helpful in providing a general sense of a person’s diet
quality, especially in a community nutrition setting where a long survey would not only be quite

burdensome but also unfeasible.

4.6 Implications for Research and Practice

Considering the aging of the global population, the findings of this study provide several
implications for future research, PBD interventions for older adults, and the prevention and
management of chronic conditions in this population. Further exploration of the different factors
affecting older adults’ adoption of PBD is needed as they may differ significantly from other age
groups and among different cultures. Importantly, an updated investigation into the living

arrangements of older people and how it affects dietary choices including PBDs will be helpful
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as this has been identified as a key variable. The study findings here also suggest that while PBD
knowledge and PBD benefits should be included in interventions, focusing on identifying and
lowering PBD barriers may be more useful in the adoption of PBD in this population. Finally,
finding strategies that help older individuals feel ready to take action and maintain a plant-based
dietary habit may be useful in helping to prevent and manage chronic diseases. Future research
examining these topics will provide a better understanding of the psychosocial factors associated

with an older person’s dietary habits that may be more beneficial in terms of health outcomes.
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Chapter 5: Assessing changes in readiness to consume a plant-based diet

and its key determinants: findings from the DASH-Plus study

5.1 ABSTRACT

Objective: To assess the effect of the DASH-Plus intervention on participants’ readiness to
consume a plant-based diet (PBD) and identify key socioeconomic and psychosocial factors
including perceived barriers and benefits that predict readiness levels, using longitudinal data
collected at three-time points.

Design: Multi-site, 2-arm, quasi-experimental design. Recruitment May 26, 2022 to March 9,
2023; data collection through August 22, 2023.

Participants: Hypertensive, community-dwelling older adults (n = 212).

Variables Measured: Sociodemographic information and psychosocial factors related to plant-
based diets (PBDs) including readiness (primary outcome), awareness, perceived benefits,
perceived barriers, willingness to adopt a PBD, and other driving factors when choosing plant-
based foods were collected at baseline, midpoint (9 weeks) and/or follow-up (24 weeks).
Analysis: An analytic sample of 176 participants was included. Repeated measures collected at
three-time points (baseline, 9 weeks, and 24 weeks) were analyzed using a cumulative link
mixed model (CLMM).

Results: The intervention group demonstrated significantly increased readiness to consume a
PBD at 9 weeks (p<0.001), though this difference diminished by 24 weeks. The CLMM also
revealed key determinants of readiness to consume a PBD among hypertensive older adults.

Participants who had a post-baccalaureate degree were 3.59 (95% CI 1.43 - 9.01) times more
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likely to increase PBD readiness compared to those with less than high school education.
Participants with moderate (OR = 2.58; 95% ClI 1.52-4.40) or high perceived benefits (OR =
3.74; 95% CI 2.15-6.52) were more likely to progress to higher stages of readiness. Conversely,
moderate (OR = 0.34; 95% CI 0.2-0.58) and high perceived barriers (OR = 0.18; 95% CI 0.1-
0.33) significantly reduced readiness to consume a PBD. Further, participants who ranked health
and environmental concerns as moderately (health: OR = 7.87; 95% CI 1.63-37.9 and
environmental: OR = 4.58; 95% CI 2.08-10.1, respectively) or highly important (health: OR =
10.84; 95% CI 2.39-49.2 and environmental: OR = 2.81; 95% CI 1.40-5.62, respectively) when
purchasing or consuming plant-based foods showed an increased likelihood of PBD readiness.
Conclusions and Implications: While the DASH-Plus program effectively elevated PBD
readiness in the short term, the diminishing effect at 24 weeks underscores the need for sustained
engagement strategies. Implementing booster sessions may be beneficial to maintain and
reinforce dietary behavior changes, ensuring lasting impact beyond the initial intervention
period. Also, our findings demonstrate that readiness to consume a PBD among hypertensive
older adults is significantly affected by education level, perceived benefits, and barriers
(decisional balance) related to PBDs and individual values regarding health and environmental

concerns.
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5.2 Introduction

Plant-based diets (PBDs) encompass a spectrum of eating patterns, predominantly
focused on foods derived from plants including fruits, vegetables, legumes, nuts, and seeds.
While interpretations vary slightly, these diets generally minimize or exclude animal products.
With these variations, some definitions consider the DASH diet and other similar dietary patterns
such as the Mediterranean and Nordic diets as a PBD.%86210° This broader definition will be used
in this paper rather than a more restrictive one such as vegetarian or vegan.

PBDs have been found to improve the 4 domains of sustainability: nutrition and health,
environment, economics, and society.%®-10367.104 Egcusing on the nutrition and health domain,
healthy PBDs have been associated with the prevention and management of a wide range of
noncommunicable, chronic conditions such as chronic kidney disease, type Il diabetes, cognitive
decline, chronic musculoskeletal pain and function, and certain cancers.1%-113 The evidence
supporting the benefits of healthy PBDs against cardiovascular morbidities and mortalities is
especially robust.066.106.107 Among the comorbidities associated with cardiovascular disease,
arterial hypertension is considered a major risk factor and prevalence of this condition is rising in
the US and globally. In addition to being a significant risk factor for cardiovascular
complications, it also affects individuals’ cognitive functionality and autonomy with
senescence.?

Older adults are a particularly vulnerable population, where almost 95% have at least one
chronic condition, and close to 80% have two or more.® Furthermore, this is one of the fastest-
growing demographics. It has been estimated that nearly 1 in 4 people are projected to be aged
>65 years by 2060 ¢ and people aged 80 years old will also triple by 2050.” With the aging

population, chronic conditions will continue to rise including hypertension. The National Health
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and Nutrition Examination Survey (NHANES) reported that around two-thirds of adults aged 65
years or older have hypertension 4 and more recently, the US Centers for Disease Control and
Prevention’s National Center for Health Statistics estimated that during August 2021-August
2023, the prevalence of hypertension was 71.6% for adults 60 and older.®> Given these health
statistics, people are increasingly turning towards modifiable lifestyle factors such as diet,
nutritional behavior, and physical activity.

In terms of diet, healthy PBDs have been gaining popularity for their many benefits
including health. Among PBDs, the DASH diet has been extensively studied and associated with
lower chronic disease risk including hypertension.32145146 This well-researched approach
emphasizes a nutrient-rich combination of fruits, vegetables, whole grains, and low-fat dairy
products, which are naturally low in sodium, saturated, and total fat content. The diet also
contains other nutrients that may help lower blood pressure (BP) and decrease total cholesterol
and low-density lipoprotein.® One study that assessed 22 nonpharmacologic interventions for
older adults ranked the DASH diet as the most effective intervention in lowering BP for adults
with prehypertension and hypertension (SBP: weighted mean difference, 6.97 mm Hg; 95%
credible interval, 4.50-9.47 and DBP: weighted mean difference, 3.54 mm Hg; 95% credible
interval, 1.80-5.28). Numerous other studies specifically mention the DASH diet as one of the
most effective approaches to manage hypertension.%16:31

Despite its efficacy, modifying one’s diet can be challenging. Research demonstrates that
dietary modifications are deeply influenced by individual perceptions and psychological
readiness to change. This has been supported by both the health belief model (HBM) and the
transtheoretical model (TTM). The HBM provides a theoretical framework for understanding

this relationship, suggesting that a person’s likelihood of adopting new dietary habits is shaped
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by their personal beliefs and perceptions. Specifically, the model emphasizes how perceived
benefits and perceived barriers play crucial roles in determining whether someone will adopt
certain behaviors such as dietary habits.”>:"? Research has shown that perceived barriers is the
single most influential factor predicting behavior change within the HBM framework. "3

Few studies, however, have researched the perceptions of older individuals in relation to
PBD choices. Previously, Lea and colleagues ° investigated perceived barriers and benefits that
included a higher proportion of older adults (24.2%) than in the public at the time based on the
2001 US census (17.5%), but this was conducted more than two decades ago. Recent
examinations of this topic have been published in the last five years, but these also do not focus
on the older adult population, especially individuals with chronic diseases including
hypertension.”®7%147 Assessing changes in perceived barriers and benefits in this population will
be beneficial when trying to understand the current attitudes of older adults in order to help guide
their dietary patterns, where the food landscape has changed significantly over the last several
decades.'#

Furthermore, the relationship between perceived barriers and benefits aligns closely with
the TTM, particularly through decisional balance where individuals weigh the advantages and
disadvantages of adopting the target behavior. The TTM theorizes that change in behavior occurs
through five stages: (1) precontemplation (no intention to change behavior within the next 6
months); (2) contemplation (intends to take action in the next 6 months); (3) preparation (intends
to take action within the next thirty days and has taken some behavioral steps in this direction);
(4) action (has maintained action for less than 6 months); and (5) maintenance (has maintained

behavior for >6 months). Research has shown that decisional balance is a key component of the

90



TTM, where the balance between the perceived benefits and barriers varies depending on the
stage of change the individual is in.14%-151

One study found that over half the consumers aged 20 years and older (58%) surveyed
were in the precontemplation stage in terms of readiness to eat a PBD, where they were not
thinking about it at all. About 14% were reported to be in the contemplation/preparation phase
while 28% were in the action/maintenance phase. This study included a higher proportion of
older adults than the public at the time (same numbers as mentioned above for perceived barriers
and benefits). However, the paper included a wide range of ages (20 - 65+ y) and the authors
found that age differences were not linear and difficult to interpret. The main reported difference
for age groups was that participants in the precontemplation/preparation group were younger (47
+ 13 years) in comparison to the remaining other two groups (preparation and
action/maintenance).®° More recent studies regarding PBDs in the older adult population are
starting to emerge, but further studies are warranted.

An individual’s readiness level to consume a PBD serves as an important proxy measure
to predict dietary behavior change and can be used to develop stage-specific, targeted
interventions that effectively improve dietary patterns. Drawing from this theoretical foundation,
our empirical study investigated whether a DASH-based hypertension management program
(DASH-PIus) could influence the readiness of hypertensive older adults to adopt more plant-
based dietary practices and whether key PBD related perceptions such as perceived barriers and
benefits are important factors affecting the level of readiness.

The aim of this paper is to assess the effect of the DASH-Plus program on participants’
readiness to consume a PBD and identify key socioeconomic and psychosocial variables such as

participants’ perceived barriers, and perceived benefits that predict readiness levels, using
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repeated measures. The information gathered from the present study will allow for more
effective strategies and interventions to promote a plant-based dietary pattern to help improve

and maintain the health of the growing older adult population.

5.3 Methods

5.3.1 Study Design and Setting

The Dietary Approaches to Stop Hypertension-Plus (DASH-Plus), developed in
partnership with the University of Maryland Extension (UME) system, is a community-based
initiative to help hypertensive, community-dwelling, older adults manage their BP. The DASH-
Plus expands beyond the traditional DASH dietary guidelines through three core components: (1)
a series of eight comprehensive educational modules covering different DASH diet topics,
physical activity, and hypertension self-care skills (8 weeks of education), (2) a produce delivery
service to enhance produce accessibility, and (3) self-measured BP monitoring to promote
regular BP tracking for 24 weeks. The entire intervention duration of the DASH-Plus program
was 24 weeks. Using a quasi-experimental design, eight intervention senior centers and eight
matching control sites were recruited throughout Maryland and participated in the study. Data
was collected at three time points: baseline (week 0), intermediate (week 9), and final (week 24)
at participating sites. The present study was conducted as a substudy under the DASH-Plus
program with 212 enrolled participants. A longer, more in-depth description of the DASH-Plus
study can be found elsewhere.*'* Written informed consent was obtained from all participants,
and the project was approved by the University of Maryland, College Park’s Institutional Review

Board.
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5.3.2 Sampling

The UME has maintained strong collaborative partnerships with aging service
stakeholders throughout Maryland. UME educators leveraged their extensive experience working
with community-dwelling older adults and local senior centers to identify and invite potential
study sites. Given the lingering effects of COVID-19 during study implementation, a quasi-
experimental design provided a feasible approach to site recruitment.

Participating senior centers received recruitment materials, including program description
flyers and information about participant incentives. Additional recruitment occurred through the
efforts of the directors and staff members involved with DASH-Plus, who spoke to the
community members directly about the program. The inclusion criteria for participants were: (1)
>60 years of age, (2) attends community site for seniors regularly (at least three times per week),
and (3) has systolic blood pressure (SBP) of 140-170 mmHg and/or diastolic blood pressure
(DBP) of 80-100 mmHg or is taking anti-hypertensive medication(s). The following individuals
were exclusions to the study: (1) having an acute and/or terminal condition such as terminal
cancer, renal disease, and/or high alcohol consumption (>14 alcoholic drinks per week), (2)
having a psychiatric diagnosis precluding participation, such as cognitive impairment as
measured by the 6-item Mini-Mental State Exam, and (3) being underweight (BMI 18.5 kg/m?)
or class 3 obese (BMI 45.0 kg/m?).

To determine eligibility, trained research staff performed screenings at designated study
sites. Potential participants were assessed for cognitive impairment using a 6-item Mini-Mental
State Examination (MMSE) and screened for hypertension. Those who met the eligibility criteria
proceeded with enrollment, after which a trained data interviewer administered the remainder of

the survey.
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5.3.3 Measures

A structured questionnaire was used to collect data at the three time points by trained
research personnel. Baseline data included sociodemographic characteristics such as age, gender,
ethnicity, race, living arrangement, education level, annual household income, and self-perceived
general health status (physical and mental). The following measures were also collected.

Psychosocial factors

Readiness to consume a PBD was the primary outcome. It was measured using one
question with responses that corresponded to the five stages of behavior change of the TTM.
This approach has been used previously.8%-8 Participants’ response options were rated with a
score range of 1 to 4. Precontemplation: “I am not thinking about eating a PBD” (1 point);
contemplation: “I am thinking about eating a more PBD...planning to start within 6 months” (2
points); preparation: “l am definitely planning to eat a more PBD in the next month” (3 points),
action: “I am trying to eat a more PBD now” (4 points), and lastly, maintenance: “I am already
eating a PBD” (4 points). The last two choices (representing the action and maintenance stages)
were combined since participants could not reach the original definition of the maintenance stage
(maintaining behavior change for >6 months) after intervention due to the study period (6
months total), except for individuals who were already eating a PBD prior to study enrollment.
Higher scores indicated more readiness to consume a PBD.

Perceived barriers to consuming a PBD were assessed using a list of ten items determined
from literature review using a 5-point Likert scale (strongly agree to strongly disagree).5%7.®
Items such as “I don’t want to eat strange or unusual foods,” and “It would be too expensive to
eat a plant-based diet” were included. A score range of 1 to 5 points were assigned to each

response where higher scores indicated more perceived barriers to consuming a PBD
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(Cronbach’s alpha: baseline = 0.65; 9 weeks = 0.72; 24 weeks = 0.80). The total score was then
averaged by the number of items answered by each subject to account for missing items at each
time point. Individual averaged scores were then divided into tertiles, with the lowest third
indicating lower perceived barriers and the highest third suggesting higher perceived barriers to
consuming a PBD.

Perceived benefits to consuming a PBD were gather using a list of ten items gathered
from a review of previous studies using a 5-point Likert scale (strongly agree to strongly
disagree).5787° For example, benefits such as “Decrease my saturated fat intake,” and “Improve
my digestion” were included. A score range of 1 to 5 points were assigned to each response
where higher scores indicated greater perceived benefits for consuming a PBD (Cronbach’s
alpha: baseline = 0.88; 9 weeks = 0.92; 24 weeks = 0.93). The individual summation of scores
was then averaged by the number of items answered by the participant to account for missing
items at each of the three time points. The averaged total scores were then divided into tertiles,
with the lowest third indicating lower perceived benefits and the top third expressing higher
perceived benefits to consuming a PBD.

Knowledge of PBDs was evaluated using a questionnaire (15 items) adapted from a
previous study that surveyed medical providers at baseline.8* Due to the variation in definition of
PBD, ambiguous and controversial questions were omitted from the scoring (11 items included).
For example, “Dairy is encouraged in a PBD” and “Fish is a necessary part of a healthful diet”
were excluded from the PBD knowledge scores as the answers to these questions depends on the
definition of a PBD being used (DASH diet, pescatarian, lacto-vegetarian diet, vegan etc.)

(Cronbach’s alpha: baseline = 0.57). PBD knowledge scores were then divided into tertiles

95



where the lowest tertile suggested less knowledge about PBDs and the highest tertile
demonstrated higher knowledge about this topic.

Willingness to consume a PBD was evaluated by asking participants, “Would you be
willing to follow a plant-based diet (limited to no animal products) for a week for health
purposes? 3 weeks for health purposes? And for 6 months or longer for health purposes? Three
response choices were provided: yes (3points), maybe (2 points), and no (1 point) (Cronbach’s
alpha: baseline only = 0.77). Higher total averaged scores suggested more willingness to
consume a PBD for longer at the start of the study.

Finally, five motivations for purchasing and eating plant-based foods were assessed using
a survey from the Yale Climate Change and the American Diet report. Health (1-item),
environmental considerations (2-items), animal protections (1-item), taste (1-item), and cost (1-
item) were assessed using a 5-point Likert scale (extremely important = 5, very important = 4,
moderately important = 3, not too important = 2, and not at all important = 1). Participants were
asked, “How important are each of the following to you personally, if at all, when you choose to
purchase or eat plant-based foods (fruits, vegetables, meat/dairy alternatives)?”'? The 2 items
for environmental considerations were averaged for this study. The top 2 responses of the scale
were grouped as high importance, the middle response was kept as moderately important, and the
lower two choices were combined as low importance for data analysis.

Blood pressure measurements

Blood pressure was measured three times and then averaged at each time point.
Participants were asked to sit with their backs supported by the chair, legs uncrossed, with their

left arm at the level of their heart (right arm was used if needed) in a relaxed manner. A trained
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research staff member then measured their BP using an automated blood pressure cuff with a

minute rest period between measurements.

5.3.4 Statistical Analysis

Descriptive and inferential statistical analyses were performed using RStudio version
2024.12.1+563 and the Statistical Package for the Social Sciences (SPSS) software version
29.0.2.0 (20). First, multilevel imputation was performed to address missing values. Then a
cumulative link mixed model (CLMM) was used to examine the effect of the DASH-Plus
educational program on the ordinal dependent variable, readiness to consume a PBD at three
different time points.

Missing Values and Multiple Imputation

Assuming that most missing values were missing at random (MAR) with participants
being lost to follow-up, multilevel imputation was performed using multivariate imputation by
chained equations (MICE). The R packages, mice (version 3.17.0) and miceadds (version
3.17.44) were used for this process. A three-level imputation was employed to properly account
for the hierarchical structure of the study design.'% The resulting imputation took into
consideration that the longitudinal data was nested at three levels (e.g. repeated measures [Level
1], collected across participants [Level 2], and nested within different study sites, i.e. senior
centers [Level 3]). All missing values were at level 1 so predictive mean matching was used for
imputation. An interaction between the arm and time points was also included in the imputation
model. Finally, following von Hippel’s “multiple imputation, then deletion” (MID) method, all
subjects were used for the imputation process with the outcome variable included. Under MID,

however, participants with imputed outcomes are subsequently removed and excluded prior to
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model analysis.*>* The seed was set at 1212 and 20 imputed datasets were created, each with 20
iterations.

After the imputation, convergence was visually assessed using plots and inspection of the
predictor matrix, methods, and imputed values did not reveal any major issues. Imputed data was
then analyzed using a CLMM (see below) and the results were pooled across all imputed datasets
to obtain the final reported findings.

Analysis

A greater improvement in readiness to consume a PBD over time for the intervention
group compared to the control group was hypothesized. Using CLMM, repeated measures of the
ordinal outcome variable were assessed across the three time points (baseline, 9 weeks, and 24
weeks). The participants and study sites were treated as random effects. The following variables
were considered in the initial model: arm and time point interaction, sex, education (less than
high school, high school/GED, post high school education through college, post-graduate studies
including graduate/professional degrees), living arrangement (lives alone, lives with family -
spouse and/or children, lives with others), body mass index (BMI), systolic SBP, PBD perceived
barriers, PBD perceived benefits, willingness to eat a PBD, and lastly how important health,
taste, price, environmental considerations, and animal protections were when purchasing or
consuming plant-based foods.

Backward stepwise selection was applied and the variable with the least significant p-
value was eliminated to identify the variables for the final model. Models were assessed using
the Akaike information criterion (AIC) and Bayesian information criterion (BIC). With each
iteration, a model where the AIC value decreased by 2 units after removing a variable was

considered a statistically significant improvement 1?2 and a decrease in BIC value between 5 and
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10 units was considered strong.'?® The model with the smallest absolute AIC and BIC values was
considered a better model.?* Lastly, post hoc comparisons were assessed for readiness among
the three time points and arm (intervention vs. control) using Tukey's Honest Significant
Difference (HSD) test to determine the between-group and within-group differences.
Multicollinearity was assessed using the available tools in R (vif and check_collinearity
functions) as a guide since these are not specifically designed for CLMMSs. Spearman’s rank
correlation coefficients among variables were also assessed to minimize multicollinearity. All
correlations were weak to moderate (p < 0.640). The proportional odds assumption was tested
using the nominal_test function. This method uses a simpler cumulative link model (CLM) with
the same variables as the CLMM, but without random effects to test the proportional odds
assumption. This showed a significant violation for the time point variable (p <0.001) and the
arm and time point interaction term (p <0.001). All other variables were not significant. While
not definitive, these results suggested that the proportional odds assumption was met for most
variables as there is not a straightforward way to assess this currently.

Spearman’s rank correlation was also used to specifically examine the relationship

among perceived barriers, perceived benefits, and readiness for each of the three time points.

5.4 Results
5.4.1 Socio-demographic characteristics of participants

A total of 212 participants were enrolled into the study. The participant’s average age
was 74 + 7.5 years old with slightly over half (51.9%) of the participants in the youngest-old (64
- 74 y) category. Most individuals were female (88.7%), non-Hispanic (92.9%), and over half

were Caucasian (57%). Approximately 21% of older adults had a school diploma/GED and 41%
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had an education level ranging from post-high school training through a 4-year college degree.

About 50% of the participants lived by themselves, while many lived with family members such

as a spouse and/or children (42%). A majority of participants were prescribed an anti-

hypertensive medication (96.2%) and took an average of 1.7 + 0.8 anti-hypertensive medications.

The sample’s average measured systolic SBP was 137 = 20 mmHg, and the average diastolic

DBP was 79 £ 11 mmHg. The average number of self-reported medical conditions was 6 + 2.6,

the mean BMI was 31.0 + 6.4 kg/m?, and 48.1% of the participants were categorized as obese.

The characteristics of the participants have also been divided by the arm (intervention vs.

control) in Table 5.1.

Table 5.1 Sociodemographic characteristics of study participants (n =212)

Variables Control Intervention Total
(n=90) (n=122) (N =212)

Age (years), mean (SD) 745+09 73.60.7 74+75

Youngest-old (64-74 y), n (%) 43 (47.8) 67 (54.9) 110 (51.9)

Middle-old (75-84 y), n (%) 37(41.1) 44 (36.1) 81 (38.2)

Oldest-old (>85 y), n (%) 10 (11.2) 9 (7.4) 19 (9.0)
Sex, n (%)

Female 79 (87.8) 109 (89.3) 188 (88.7)

Male 11 (12.2) 13 (10.7) 24 (11.3)
Ethnicity, n (%)

Non-Hispanic/ Non-Latin American 88 (97.8) 109 (89.3) 197 (92.9)

Hispanic/ Latin American 1(1.1) 10 (8.2) 11 (5.2)
Race, n (%)

Caucasian 39 (43.3) 82 (67.2) 121 (57.1)

Black or African American 41 (45.6) 28 (23.0) 70 (33.0)

Asian 4 (4.4) 6 (4.9) 10 (4.7)

Other 6 (6.7) 3(2.5) 9(4.2
Living arrangement, n (%)

Alone 50 (55.6) 56 (45.9) 106 (50.0)

Family (spouse/partner and/or children) 34 (37.8) 57 (45.7) 89 (42.0)

Other (i.e. roommate)

6 (6.7) 9 (7.4 17 (8.0)

Education, n (%)

Less than high school 18 (20%) 15 (12.3) 33 (15.6)

High school graduate/ GED 17 (18.9) 28 (23.0) 45 (21.23)
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Post high school training through college 31 (34.4) 56 (45.9) 87 (41.0)
Post college through graduate/professional
degrees 24 (26.7) 23 (18.9) 47 (22.2)
Taking antihypertensive medications, n (%)
Yes
No 88 (97.8) 116 (95.1) 204 (96.2)
2(2.2) 6 (4.9) 8(3.8)
Average number of anti-hypertensive 1.7+0.1 1.7+03 2%+0.8
medications
Blood pressure
Average SBP (mm Hg) 136.9 + 137.3+210 137.1+
Average DBP (mm Hg) 18.7 80.2+114 20.0
76.5+10.3 78.6+11.1
Number of medical conditions 57+0.3 581+0.2 626
Anthropometric measurements
BMI (kg/m?) 31.4+08 30406 31.0+6.4
Healthy weight (18.5 and 24.9 kg/m?) 14 (15.6) 16 (13.1) 30 (14.2%)
Overweight (25 and 29.9 kg/m?) 28 (31.1) 48 (39.3) 76 (35.8%)
Obese (>30 kg/m) 48 (53.3) 54 (44.3) 102

(48.1%)

5.4.2 Correlations among perceived barriers, perceived benefits, and readiness to consume a

PBD

Based on the core concept of decisional balance within the TTM, it was hypothesized that

as perceived barriers decreased and perceived benefits increased, the participants’ readiness

would increase for the intervention group. Correlation analysis among perceived barriers,

perceived benefits, and readiness at each of the three-time points was conducted prior to CLMM

analysis to provide preliminary insights into the relationships between these key psychosocial

factors. Understanding these associations helped inform the interpretation of the subsequent

mixed model. Correlations for the control group were moderate to strong and remained relatively

similar among the time points between perceived barriers and readiness to consume a PBD:

baseline (-0.47; p <0.001), 9 weeks (-.43; p <0.001), and 24 weeks (-0.53; p <0.001). In the

intervention group, the correlations between perceived barriers and readiness started out weak
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and non-significant but increased to become relatively strong and significant: baseline (-0.16; p
=0.09), 9 weeks (-0.29; p =0.002), and 24 weeks (-0.52; p <0.001). In the control group, the
correlation between perceived benefits and readiness to consume a PBD also did not show a
clear trend among the three time points: baseline (0.33; p =0.003), 9 weeks (0.40; p <0.001), and
24 weeks (0.29; p =0.019). Comparatively, the correlation between these two variables showed a
positive trend from weak to moderately strong for the three time points in the intervention group:
baseline (0.18; p =0.091), 9 weeks (0.33; p <0.001), and 24 weeks (0.48; p <0.001).

Overall, the findings suggested that the negative correlation between perceived barriers
and readiness to consume a plant-based diet strengthened over time for the intervention group,
but not for the control group. This indicated that as the perceived barriers to consuming a PBD
decreased over the three time points, the readiness to consume a PBD increased, and the
relationship strengthened with the DASH-Plus intervention. Additionally, the positive correlation
between perceived benefits and readiness to consume a PBD also increased for the intervention
group. This suggested that as the perceived benefits to consume a PBD increased the readiness to
consume a PBD also increased, and this relationship was strengthened with the intervention. This
type of change was not observed for the control group. These changes are presented in Table 5.2
along with the changes in perceived barriers (low, moderate, high) and perceived benefits (low,
moderate, high) for each group and time points.

Table 5.2 Changes in readiness, perceived barriers and benefits and Spearman’s rank
correlations

Control, n (%) Intervention, n (%0)
Baseline 9 weeks 24 Baseline 9 weeks 24
weeks weeks
Readiness
Precontemplation 29 (32.2) 28(36.1) 22(34.3) 24(19.7) 16(14.4) 18(18.2)
Contemplation 15(16.7) 21(27.3) 10(15.6) 28(23.0) 13(11.7) 13(13.1)
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Preparation 23 (25.6) 5(5.6) 7(10.9) 27(22.1) 8(7.2) 4 (3.3)

Action/ 23 (25.5) 23(25.6) 24 (31.3) 38(31.1) 74(66.7) 64 (52.5)
maintenance

Perceived barriers

low 25(30.9) 35(43.2) 29(35.8) 37(33.0) 72(64.3) 57 (50.9)
moderate 24 (29.6) 23(28.4) 16(19.8) 41(36.6) 16(14.3) 22 (19.6)
high 32(39.5) 19(23.5) 19(23.5) 34(30.4) 24(21.4) 20(17.9)
Perceived barriers & -47 -43 -.53 -.16 -.29 -.52
readiness (p (p (p (p (& (p

<0.001) <0.001) <0.001) =0.091) =0.002) <0.001)

Perceived benefits

low 38(46.9) 27(33.3) 27(33.3) 35(31.3) 29(25.9) 27 (24.1)
moderate 26 (32.1) 27(33.3) 15(18.5) 32(28.6) 28(25.0) 35(31.3)
high 17 (21.0) 23(28.4) 22 (27.2) 44 (39.3) 55(49.1) 37(88.4)
Perceived benefits & 0.33 0.40 0.29 .18 .33 48
readiness (Y (P (P (P (p (p

=0.003) <0.001) =0.019) =0.091) <0.001) <0.001)

5.4.3 Key determinants affecting readiness to consume a PBD

The final model was adjusted for the following variables based on the analytical process
described in the methods section: arm and time point interaction term, education, average SBP,
PBD barriers, PBD benefits, and the importance of health and environmental considerations
when purchasing or consuming plant-based foods. The subjects and study sites were also
included as random effects in the models.

Compared to participants with less than a high school education, older individuals who
had a post-baccalaureate education through a graduate/professional degree were 3.59 (95% CI
1.43 - 9.01) times more likely to increase their readiness to consume a PBD. Participants who
had a moderate (OR = 0.34; 95% CI 0.2-0.58) and high number of perceived barriers (OR =
0.18; 95% CI 0.1-0.33) were less likely to increase their readiness to consume a PBD than those

with a low number of perceived barriers. Inversely, compared to older adults with a low number
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of perceived benefits, those with a moderate (OR = 2.58; 95% CI 1.52-4.40) or high number of

perceived benefits (OR = 3.74; 95% CI 2.15-6.52) were more likely to progress to a higher stage

of readiness. Participants who ranked health as not too important when purchasing or consuming

plant-based foods were less likely to increase their readiness compared to those who indicated a

moderate (OR = 7.87; 95% CI 1.63-37.9) or high level of importance (OR = 10.84; 95% CI 2.39-

49.2). Lastly, those who ranked environmental concerns as moderately (OR = 4.58; 95% CI

2.08-10.1) or very important (OR = 2.81; 95% CI 1.40-5.62) when purchasing or consuming

plant-based foods were more likely to increase their readiness to consume a PBD compared to

those who ranked that this issue as not too important.

Table 5.3 Predictors of readiness to consume a PBD in hypertensive, older adults

Predictors Regression Standard  Odds ratio of P value
coefficient error adopting a PBD
1. Arm
Control Reference
Intervention 0.348 0.396 1.42 (0.65 - 3.08) 0.38
2. Time points
Baseline Reference
9 weeks -0.615 0.336 0.54 (0.28 - 1.04) 0.07
24 weeks 0.109 0.366 1.11(0.54 - 2.28) 0.77
3. Education
Less than high school Reference
High school/GED 0.256 0.426 1.29 (0.56-2.98) 0.54
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Post high school training 0.392 0.395 148 (0.68-3.21) 0.32
through college
Post college through 1.28 0.469 3.59(1.43-9.01) 0.006**
graduate/ professional degree
4. Average SBP 0.014 0.006 1.01(1.00-1.03) 0.03*
5. PBD barriers
Low Reference
Moderate -1.07 0.270 0.34(0.2-0.58) <0.001***
High -1.69 0.296 0.18 (0.10-0.33) <0.001***
6. PBD benefits
Low Reference
Moderate 0.950 0.271 2.58 (1.52 - 4.40) <0.001***
High 1.320 0.283 3.74 (2.15-6.52) <0.001***
7. Importance of Health
Low Reference
Moderate 2.06 0.803 7.87 (1.63-37.9) 0.01*
High 2.38 0.772 10.84 (2.39 - 0.002**
49.2)
8. Importance of
Environment
Low Reference
Moderate 1.52 0.404 458 (2.08 - 10.1) <0.001***
High 1.03 0.354 2.81(1.40-5.62) 0.004**
9. Arm X timepoint
Baseline Reference
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9 weeks 1.77 0.463 5.87 (2.37 - 14.6) <0.001***

24 weeks 0.755 0.483 2.13(0.83-5.48) 0.12

*Statistically significant p value <0.05
**Statistically significant p value <0.01
***Statistically significant p value <0.001

5.4.4 Changes in Readiness to consume a PBD at baseline, 9 and 24 weeks

The CLMM showed a statistically significant difference for the arm and time point
interaction term (p <0.001) for readiness to consume a PBD. Tukey's Honest Significant
Difference (HSD) test was performed to assess these arm and time point differences. For the
intervention group, the readiness level after the intervention (week 9) was significantly higher
compared to the baseline readiness scores (p = 0.004). The readiness scores between baseline and
at 24 weeks were not significant and the readiness scores between week 9 and week 24 were also
not significant. This suggested that readiness increased after the intervention at week 9 but
decreased when measured at week 24. In the control arm, there were no significant within-group
differences observed among the three time points for readiness to consume a PBD.

For between-group differences, the pairwise comparisons showed a significant between-
group difference that was observed at week 9 (p <0.001). No significant differences between the
intervention and control groups were seen at baseline nor at week 24.

Table 5.4 Pairwise contrasts among time points for intervention and control groups

Contrast estimate SE z.ratio P values
Control (within-group differences)

Baseline - 9 weeks 0.615 0.336 1831 NS

9 weeks - 24 weeks -0.723 0.375 -1.929 NS
Baseline - 24 weeks -0.108 0.366  -0.297 NS
Intervention (within group differences)

Baseline - 9 weeks -1.156 0.319 -3.620 0.004**
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9 weeks - 24 weeks 0.292 0.339 0.860 NS

Baseline - 24 weeks -0.864 0.320 -2.702 0.07
Between group differences

Baseline -0.348 0.396 -0.877 NS

9 weeks -2.118 0.444  -4.771 <0.001***
24 weeks -1.103 0.458 -2.408 NS

*Statistically significant p value <0.05
**Statistically significant p value <0.01
***Statistically significant p value <0.001

5.4.5 Cumulative link mixed models (CLMMs)

Compared to the null model (AIC:1292.66; B1C:1309.851), the final model
(AIC:1148.53; BIC:1243.063, X2 = 180.14, p < 0.001) was a significantly better fit. The effects
of the random variables were also tested and there was a significant difference between the final
model with the random effects and the same model without the random effects (AlC:1166.8;
BIC:1252.696, X? =22.23, p < 0.001). The Nagelkerke's R = 0.437 suggested that the CLMM
explained 43.7% of the variance in the outcome variable using the existing fixed and random
effects, the remaining were accounted for by possible error terms and other factors.

Table 5.5 Model Summary

Nagelkerke R Cox & Snell R Mcfadden R

squared squared squared
Without random effects 0.311 0.282 0.140
With random effects 0.437 0.403 0.202
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5.5 Discussion

This study examined changes in readiness to consume a PBD among hypertensive older
adults following the DASH-PIlus intervention. Utilizing a CLMM, we analyzed longitudinal
shifts in readiness and identified key determinants influencing the transition of PBD readiness.
The intervention group demonstrated a significant increase in readiness to adopt a PBD at 9
weeks (p <0.001) compared to the control group, though this between-group difference
diminished by 24 weeks. Prior research has shown that individuals in the action/maintenance
stage exhibit a higher intake of plant-based foods, including fruits, vegetables, nuts, seeds,
whole-meal bread, and cooked cereals.®® Given readiness to consume a PBD serves as a proxy
indicator for potential dietary behavior change, the significant increase in readiness at 9 weeks in
the present study suggests a promising pathway to improved plant-based dietary patterns among
the participants. While the intervention’s effect was not sustained at 24 weeks, a positive trend
also emerged, with the proportion of intervention participants in the action and maintenance
stages increasing from 31.1% at baseline to 52.5% at 24 weeks. These findings underscore the
importance of periodic follow-up sessions to maintain readiness. Implementing structured check-
ins may be crucial in helping individuals sustain their initial progress and continue advancing
toward a more plant-based dietary pattern.

In the present study, several key determinants affecting readiness to consume PBD were
also identified. One of the key determinants of readiness to consume a PBD was perceived
barriers, and it is important to further specify which aspects were perceived as barriers. At
baseline, the strongest perceived barrier for this population was that they needed more
information about PBDs (85.4% agreed). In 2022, it was reported that more than three times as

many older consumers followed a plant-rich dietary pattern compared to 2019 (9.0% vs. 17.3%,
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X?[1, N =1312] = 20.307, p < 0.001).1# Despite this rise in popularity of PBDs, 34% of
participants in the present study were not aware of the term ‘PBD.’ This also indicates that older
adults need more information about this type of diet. Not having enough plant-based choices
when eating out (44.4% agreed) was ranked as the second highest barrier, and thirdly, 33.9%
participants agreed that meat is too enjoyable to limit for a PBD. The latter sentiment regarding
meat remains a challenge in the older adult population like in the general public when trying to
consume a more PBD."778:155,156

Previously, the strongest barrier for this age group was unwillingness to alter their eating
habits and lack of information about PBD was ranked second.® In the present study,
unwillingness to alter their eating habits was ranked as the fifth largest barrier (26.5% agreed).
This suggests that older adults may now be more willing to change their dietary habits and that
their interest in learning about this type of dietary pattern has grown. Other studies have also
mentioned that lack of knowledge including how to prepare plant-based proteins was a barrier to
adopting a PBD."®*% Considering that perceived barriers has been shown to be the single
strongest factor predicting behavior change within the HBM framework, "> more studies
examining perceived barriers to consuming a PBD are warranted in this population. These
findings are relevant to public health professionals and highlight that a DASH diet educational
program may be an effective strategy to increase readiness to consume a PBD by using perceived
barriers as mediators.

Another key finding associated with PBD consumption readiness was perceived benefits.
The most important benefit of PBDs for older adults at baseline was increased fiber intake
(89.6% agreed). Secondly, 86.7% agreed that PBDs help them stay healthy while decreased

saturated fats was ranked as the third strongest benefit of consuming PBDs by 85.9% of
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participants. Previously, it was also found that increased fiber intake was ranked first (83%
agreed) and decreased saturated fats (75% agreed) was ranked second in terms of PBD benefits.
In addition, it was previously reported that with advancing age, the agreement that fiber intake
was a benefit of eating a PBD increased and that there was a significant difference between the
age groups (p < 0.001).%° The results from the present study are consistent with these earlier
findings. This suggests that increased fiber intake in particular and the health implications of
fiber should be emphasized when discussing the benefits to PBDs with this population. Staying
healthy in general by preventing chronic diseases and decreasing saturated fats should also be
mentioned as additional benefits of consuming a PBD when encouraging this type of dietary
pattern. Increasing the perceived benefits of older adults in this way will also help them increase
their readiness to consume a PBD and facilitate dietary behavior changes towards a more plant-
based dietary pattern.

In terms of motivations that affected readiness to consume a PBD, health and
environmental considerations were significant factors. It was found that general health
improvement (35% of people) and a desire to follow the dietary guidelines of Americans (16%)
were common reasons for adopting a new diet.®® Health benefits were usually ranked higher than
environmental reasons or animal welfare for making dietary changes.>*"8152 In a survey
conducted by Yale in 2019, nine in ten Americans surveyed said that health was moderately
important when purchasing or consuming plant-based foods.*>? Similar findings were seen in the
present study, where 93.3% of older adults said that their health was at least moderately
important when they chose to purchase or eat plant-based foods (fruit, vegetables, meat/dairy

alternatives).
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Additionally, in our study around 73.9% of older adults said how food companies affect
the environment and 71.5% said that reducing global warming was at least moderately important
when choosing to purchase or eat plant-based foods. These findings were slightly higher than the
Yale report of the public that showed consumers’ motivations to purchase or eat plant-based
foods depending on how food companies affect the environment (71%) and helped to reduce
global warming (64%).152 One study also found that taste and cost were factors that affected the
readiness of consumers to adopt an environmentally sustainable diet,! however, these variables
and animal protections were not significant in the present study. Alternative motivations should
be considered and further explored when assessing readiness to consume a PBD in this
population.

Willingness is a related concept to readiness to consume a PBD. In the present study,
almost 70% of participants were willing to eat a PBD for a week for health purposes, 46.2%
were willing to eat a PBD for 3 months for health purposes, and 18.6% were willing to eat a
PBD for 6 months or more. These results indicate that a large percentage of older adults are open
to trying a plant-based dietary pattern and willing to modify their dietary choices for health
purposes.

In a study that examined willingness to transition to a more PBD found that individuals
with high levels of education, females, and younger participants (millennial and gen Z cohorts)
had high willingness to adopt a more PBD and were amenable to dietary habit changes. They
reported that older adults (baby boomer cohort), men, and those with low to intermediate levels
of education were more reluctant to make dietary changes. Additionally, they reported that older
people were particularly receptive to recommendations from their doctors and did not consider

lower prices for plant-based foods as important as the other cohorts.” Similar to that study, we
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found that those with the highest level of education had increased readiness to eat a PBD and the
price of plant-based products did not have a significant association with readiness to consume a
PBD for older individuals. Willingness to consume a PBD for health purposes, however, was not
a significant predictor in the present study. It should be noted that only willingness to consume a
PBD for health purposes was explored and other reasons will need to be further investigated for
associations with readiness to consume a PBD.

When designing interventions, considering the stage of change an individual is at may be
more helpful. For example, raising awareness of the benefits of PBDs and the need for change
for those in the precontemplation stage may be conducive to changes in readiness to consume a
PBD. However, those in the contemplation and preparation stages may benefit more from
practical information that can be applied including the preparation of healthier nutrient-dense
foods compared to high calorie, low-nutrient foods.° Based on the results of the present study, to
maintain the changes in readiness to consume a PBD, periodic sessions to check in will be
beneficial to facilitate the ongoing behavior change processes. Considering the significant
relationship among the three constructs, perceived barriers, perceived benefits, and readiness in
terms of PBDs, including all three in a targeted way through a DASH diet-focused educational
intervention could be an effective strategy for older adults when changing their dietary patterns
to one that is more plant-based.

There are several limitations to the present study. An over-representation of females in
the study may limit the generalizability of the findings. It should be noted, however, that sex
ratios shift significantly after the age of 65. It has been reported that the sex ratio is less than 0.98
between the ages of 65 and 79 and that at >80 y there are 65 or fewer males for every 100

females in most places globally.® Further, readiness to consume a PBD in this study was not

112



significantly associated with sex differences and would have been adjusted for this variable
otherwise.

Another limitation of the study is that although the TTM is a widely used theoretical
model in general, some issues have been raised. It has been criticized for its stepwise process in
behavior change with arbitrary time periods for each stage.'®>” One study examined the time
period for a significant change in mean food consumptions for participants to set the boundary
between stages and this is a possible way to strengthen the application of the theory in practice.?
This was not possible in the present study due to the shorter study period (24 weeks), but can be
explored in future studies. Additionally, the last two stages were combined in the present study
also due to the shorter time frame, so differences in these two phases were not examined and will
need further investigation.

Finally, the theory has been challenged for its simplicity and inability to explain more
complex behavior changes that deviate from the outlined process. For example, it has been
mentioned that some people may skip a stage or relapse to an earlier one. In response, one of the
original authors of the TTM has explained that the intent of the model is not to have a set of
rigidly established stages, but to help better understand the process of behavior change and
provide a means to influence the process.82158
A strength of the study is that in addition to readiness, the constructs of perceived barriers and
perceived benefits have been included to show decisional balance. Integrating the three
constructs together in one study helps to better understand the behavior changes of consuming a
PBD and using all three constructs in an intervention may be more effective than readiness alone.
It has been shown that increasing an individual’s perceived benefits and decreasing their

perceived barriers will help them progress toward the action and maintenance stages.'*° This can
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be used as one strategy to encourage more readiness in terms of shifting dietary patterns since

this is a key construct in behavior modification.*®

5.6 Conclusion and future implications

In conclusion, the DASH-Plus intervention may be an effective method to change older
adults’ readiness to consume a PBD through key mediators, perceived barriers and perceived
benefits. However, to facilitate sustained dietary behavior changes using stages of readiness,
additional booster sessions may be necessary. Future studies that include these extra supportive
measures will be needed to fully investigate the lasting effects of these types of interventions.
Understanding this population’s decisional balance with perceived barriers, perceived benefits,
and readiness in terms of PBDs will help facilitate dietary modifications towards this type of

dietary pattern to help preserve their health and other sustainability domains.
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Chapter 6: Effect of the DASH-Plus program: dietary modifications in

hypertensive older adults towards a plant-based dietary pattern

6.1 ABSTRACT

Objective: To evaluate the efficacy of the DASH-Plus program in promoting a plant-based diet
(PBD) consumption and identify key predictors influencing adoption outcomes in older adults
(>60 years) with hypertension, utilizing longitudinal data from three time points.

Design: Multi-site, 2-arm, quasi-experimental design. Recruitment May 26, 2022 to March 9,
2023; data collection through August 22, 2023.

Participants: Hypertensive, community-dwelling older adults (n = 212).

Variables Measured: Plant-based diet (PBD) consumption was measured using a short,
validated 15-item questionnaire based on the healthful plant-based diet index (hPDI).
Sociodemographic information, and psychosocial-related factors associated with PBDs including
perceived barriers and benefits, readiness to consume a PBD, and PBD knowledge were also
collected using structured questionnaires.

Analysis: A total of 179 participants were included in the analytic sample. Repeated measures
collected at three time points (baseline, 9 weeks and 24 weeks) were analyzed using a linear
mixed-effects model (LMM).

Results: Participants reporting fewer PBD barriers (p <0.001), fewer medical conditions
(p=0.04), and better hypertensive self-care practices consumed significantly more plant-based
foods. Also, education significantly influenced PBD consumption, with participants holding

graduate/professional degrees showing higher intake compared to those with less than high
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school education. Adjusting for these predictors, while the implementation of the DASH-Plus
program produced a significant increase in PBD consumption at week 9 (p <0.001), these effects
were not sustained at week 24.

Conclusions: The DASH-Plus program effectively modified dietary patterns toward PBD
consumption in the short term, though effectiveness varied across time points as evidenced by
the arm and time interaction. The findings also highlight the importance of educational
attainment, addressing perceived barriers, accommodating medical conditions, and providing
sustained support throughout the dietary change process. Further research is needed to explore
strategies for maintaining these changes over the long term. Future interventions could be
improved by increasing the duration of the intervention, adding booster sessions, and other
lasting supportive measures. Even with the current limitations, the intervention may still provide
a practical and safe strategy to transition older adults towards a healthy plant-based dietary

pattern and improve sustainability domains.
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6.2 Introduction

Plant-based diets (PBDs) have been increasingly recognized as an integral part of the
sustainability discussion affecting all 4 domains of sustainability: nutrition and health,
environment, economics, and society. This type of dietary pattern can help prevent
noncommunicable, chronic diseases, improve climate change by reducing greenhouse gas
emissions, and reduce economic stressors,%-19367.104 Under the nutrition and health domain,
research has shown that healthy PBDs are associated with the prevention and management of a
variety of noncommunicable, chronic diseases including type Il diabetes, chronic kidney disease,
cognitive decline, chronic musculoskeletal pain and function, and some cancers.%8-113 |n
particular, there is substantial evidence supporting the cardioprotective benefits of healthy PBDs
against morbidities such as myocardial infarction, coronary artery disease, and
mortalities.5%.66.196.107 For cardiovascular diseases, arterial hypertension is a significant risk factor
that has become increasingly prevalent in the US and globally. Furthermore, it can also affect
individuals’ cognitive functionality, independence, and autonomy with senescence.?

With advancing age, our bodies experience a wide range of physiological changes both
internally and externally. A decline in cellular function and pathogenesis of aging greatly
increases the risk for various chronic diseases making the older adult population especially
vulnerable.*® Almost 95% of older adults have at least one chronic condition, and close to 80%
have two or more.® Additionally, it has been projected that approximately 1 in 4 people will be
aged 65 years or older by 2060 © and people aged 80 years old will also triple by 2050, making it
one of the fastest-growing demographics.” As the population continues to age, conditions such as
hypertension will also rise. The National Health and Nutrition Examination Survey (NHANES)

reported that around two-thirds of older adults (>65 years) have hypertension 4 and more
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recently, the US Centers for Disease Control and Prevention’s National Center for Health
Statistics estimated that between August 2021 and August 2023, the prevalence of hypertension
was 71.6% for older adults (>60 years).> With increased life expectancy, a compression of
morbidity is desirable. To help prevent and manage chronic conditions, a nonpharmacologic
intervention using modifiable lifestyle factors such as diet, nutritional behavior, and physical
activity should be the first line of defense.

Focusing on diet, healthy PBDs have been gaining traction for their numerous health
benefits. The term ‘plant-based diet,” however, lacks a single definition and includes a diverse
array of dietary patterns. Sometimes PBDs have been used as a synonym for vegetarian or vegan,
but others have used a more inclusive definition placing the Dietary Approaches to Stop
Hypertension (DASH) diet, the Mediterranean diet, and the more newly explored Nordic diet
under the PBD umbrella. These diets all emphasize the inclusion of plant-based foods such as
fruits, vegetables, legumes, nuts, and seeds while reducing or eliminating animal-based products
like meats, dairy, and eggs.5862105This paper will use the broader definition of a PBD that
includes the DASH diet and other similar dietary patterns rather than a more exclusive definition
such as vegetarian or vegan.

It is important to note that not all PBDs are created equal. A difference in various health
outcomes was reported between healthful PBDs and unhealthful PBDs. Healthful PBDs have
been associated with reduced chronic diseases including cardiovascular complications while
unhealthful PBDs have shown to have the opposite effect.5066.112 |t has become evident that meat
elimination is not synonymous with a beneficial, high-quality diet, and therefore transitioning to

a PBD requires careful consideration, especially in a population like older adults.
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Of the PBDs, the DASH diet has been extensively studied for more than two decades
and has been associated with decreased chronic disease risk including hypertension,32145.146
Among 22 nonpharmacologic interventions assessed by the American Heart Association for
older adults, the DASH diet ranked as the most effective intervention in reducing blood pressure
(BP) for individuals with prehypertension and hypertension (Systolic BP: weighted mean
difference, 6.97 mm Hg; 95% credible interval, 4.50-9.47 and Diastolic BP: weighted mean
difference, 3.54 mm Hg; 95% credible interval, 1.80-5.28). Following the DASH diet, ranking
from most to least effective measures were aerobic exercise, isometric training, low-sodium, and
high-potassium salt, and then comprehensive lifestyle modifications.3°

The DASH diet encourages plant-based foods with a specific number of servings: 4 - 5
servings of fruits per diem, 4 -5 servings of vegetables per diem, 6 - 8 servings of whole grains
per diem, and 4 to 5 servings a week of nuts, seeds, or dry beans and peas. It does not completely
exclude animal-based products and recommends 2 to 3 servings a day of low-fat or fat free dairy
products and two 3-0z servings or less of lean protein such as poultry or fish.” The diet is also
naturally low in sodium, saturated, and total fat content. It contains other nutrients that may help
lower BP and decrease total cholesterol and low-density lipoprotein (LDL) as well.*° Several
other studies specifically mention the DASH diet as one of the most effective approaches to
manage hypertension,>16:31

The systematic review and meta-analysis of non-pharmacological interventions for
hypertensive older adults in one study determined that self-management education to be the most
effective at lowering both systolic BP and diastolic BP. Older adults were likely to benefit from
personalized repeated group education and individual counseling that addressed personal needs

and preferences rather than one-time interventions. It was reported that these types of approaches
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helped them significantly increase their adherence to lifestyle changes. A shorter, six-week
educational intervention was also shown to be effective at significantly reducing BP.3!

The aim of this paper is to evaluate the efficacy of the DASH-Plus, a comprehensive
DASH diet-focused educational program in promoting the PBD consumption of hypertensive
older adults and identify key predictors influencing adoption outcomes. The participants’ healthy
PBD consumption was measured as the primary outcome. The information gathered from the
present study will demonstrate the implementation of a DASH diet educational intervention as a
potential strategy to facilitate a more plant-based dietary pattern to help improve the health of the

growing older adult population.

6.3 Methods

6.3.1 Study Design and Setting

The Dietary Approaches to Stop Hypertension-Plus (DASH-Plus) is a community
nutrition initiative aimed at improving hypertension management in older adults through lifestyle
changes. Partnered with the University of Maryland Extension (UME) system, an evidence-
based program comprised of three core components was developed: (1) eight weekly educational
modules covering different DASH diet topics, physical activity, and hypertension self-care skills,
(2) a weekly delivery of fresh produce to facilitate fruits and vegetable accessibility, and (3) self-
measured BP monitoring to encourage BP tracking. The duration of the intervention and study
period was 24 weeks. A more in-depth description of the DASH-Plus study can be found
elsewhere.'* Briefly, the DASH-Plus study used a quasi-experimental design to analyze eight

intervention sites with eight corresponding control sites. Each research site (i.e. senior center)
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was recruited by an experienced Extension educator in their respective county. Data collection
occurred at three time points: baseline (week 0), intermediate (week 9), and final (week 24) at
participating sites. The present study was conducted as a substudy under the DASH-Plus
program. Written informed consent was obtained from all participants, and the project was

approved by the University of Maryland, College Park’s Institutional Review Board.

6.3.2 Sampling

Using the UME’s vast network of collaborative partnerships with aging service
stakeholders throughout Maryland, select local sites from each county were invited to offer the
DASH-Plus program as part of the research study. The quasi-experimental design provided a
pragmatic solution to site recruitment, given the constraints imposed by the continuing effects of
COVID-19 during the study's implementation phase.

Participating study sites received supplementary materials to help with recruitment such
as flyers. Referrals from directors and staff involved with DASH-Plus contributed to additional
recruitment. The inclusion criteria for participants were: (1) >60 years of age, (2) attends
community site for seniors regularly (at least three times per week), and (3) has systolic blood
pressure (SBP) of 140-170 mm Hg and/or diastolic blood pressures (DBP) of 80—100 mmHg or
is taking anti-hypertensive medication(s). The following individuals were exceptions to the
study: (1) having an acute and/or terminal condition such as terminal cancer, renal disease,
and/or high alcohol consumption (>14 alcoholic drinks per week), (2) having a psychiatric
diagnosis precluding participation, such as cognitive impairment as measured by the 6-item
Mini-Mental State Exam, and (3) being underweight (BMI 18.5 kg/m?) or class 3 obese (BMI

45.0 kg/m?).
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Prior to enrollment, participants first underwent a screening process. A 6-item Mini-
Mental State Examination (MMSE) was used to check for cognitive impairment and BP was
measured three times. Individuals who met the inclusion criteria and passed the initial screening
process were enrolled into the study. A trained staff member then conducted the rest of the

survey in a standardized process.

6.3.3 Measures

At each of the three time points, trained research personnel used a structured
questionnaire to collect data. Baseline data included sociodemographic characteristics such as
age, gender, ethnicity, race, living arrangement, education level, annual household income, and
self-perceived general health status (physical and mental). The following measures were also
collected.

Plant-based diet score

Participants’ PBD consumption was assessed using a validated 15-item food frequency
questionnaire (FFQ) that was specifically tested for this age group (sample population was 70-
year olds).® Their PBD consumption was then quantified using a validated healthful plant-based
diet index (hPDI) designed to measure the amount of overall plant foods in the diet.®® Based on
the hPDI, higher frequency of consumption for healthy plant-based foods received a higher score
and reversed scoring was used for less healthy plant-based and animal-based products. For
example, the question, “How often do you eat fruits (fresh, frozen or cooked)?”” had the
following scores: twice a day or more (4 points), once a day (3 points), a few times a week (2
points) and once a week or less (1 point). Conversely, the question, “How often do you eat red
meat (beef, pork or game)?”” was scored in reverse: three times a week or more often (1 point),

twice a week (2 points), once a week (3 points), and a few times a month or less (4 points). The
122



original hPDI distinguished meats from seafood or fish into two distinct categories. Similarly, in
the present study red meat (beef, pork, or game) and white meat (poultry e.g. chicken) items
were combined under the category of meats and given 4 points for the lowest quartile
frequencies and 1 point for the highest quartile frequencies. The fish or shellfish category was
scored separately from the meat category.

The FFQ included items about other dietary habits such as regularity of meals and salt
intake. These behaviors were also graded such that dietary behaviors considered healthy in
general (i.e. eating breakfast 125118 and avoiding salty foods with hypertension 1°120) received
positive scores based on frequency. As mentioned above, this is in line with the argument that
when transitioning to a more PBD, it is important to differentiate a healthy PBD from an
unhealthy one, and that a healthy PBD is more than reducing or eliminating meat.%® The
summation of individual scores were then averaged by the number of items with a response to
account for missingness for each time point. Questions that did not measure the frequency of
intake such as the type of bread they consumed were not scored but provided additional
information about their diet. Omitting these questions gave each included item equal weight with
a range of 1 to 4 points (12 items included).

Hypertensive self-care

Hypertensive self-care was assessed using the self-care activity level effects (H-Scale)
survey.'?! It consisted of four activities: medication adherence (3 items), low-salt diet (9 items),
physical activity (2 items), and smoking (2 items, one asking smoking status yes/no). Participants
were asked, “How many of the past 7 days did you (insert activity): from 0-7 days, except for the
smoking status question. For example, “Take your blood pressure pills?”, “Salt your food at the

table?”” and “Do at least 30 minutes total of physical activity?” were activities listed in the
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questionnaire. Harmful activities such as the number of days smoking were reverse scored so
that higher scores represented more self-care behaviors. Each of the 4 sections resulted in a score
that was averaged by the number of items answered per section. A final composite score was
totaled to represent the individual’s amount of self-care with a score range from 0 - 105.

Psychosocial factors

Readiness to consume a PBD was measured using one item with response options that
corresponded to the five stages of behavior change of the TTM. This approach has been used
previously.8-8Participants’ were classified in the following way: Precontemplation (“I am not
thinking about eating a PBD”); contemplation (“I am thinking about eating a more
PBD...planning to start within 6 months™); preparation (“I am definitely planning to eat a more
PBD in the next month™), and action (“I am trying to eat a more PBD now”)/ maintenance (“I am
already eating a PBD”). The last two choices (action and maintenance stages) were combined
since participants could not reach the original definition of the maintenance stage (maintaining
behavior change for >6 months) after intervention due to the study period (6 months total),
except for individuals who were already eating a PBD prior to study enrollment. Higher scores
indicated more readiness to consume a PBD with a score range from 0 to 4.

Perceived barriers to consuming a PBD were assessed using a list of ten items determined
from previous studies using a 5-point Likert scale (strongly agree to strongly disagree).””’® Items
such as, “Someone else decides on most of the food I eat” and “Eating meat is too enjoyable to
limit for a plant-based diet” were included. A score range of 1 to 5 points were assigned to each
option, where higher scores indicated a greater number of perceived barriers to consuming a
PBD (Cronbach’s alpha: baseline = 0.65; 9 weeks = 0.72; 24 weeks = 0.80). The total score was

then averaged by the number of items answered by each participant to account for missingness.

124



Perceived benefits to consuming a PBD were compiled using a list of ten items
formulated from a literature review using a 5-point Likert scale (strongly agree to strongly
disagree).5 787 For example, benefits such as, “Prevent disease in general (e.g. heart disease,
cancer)” and “Control my weight” were included. A score range of 1 to 5 points was assigned to
each response where higher scores indicated more perceived benefits of consuming a PBD
(Cronbach’s alpha: baseline = 0.88; 9 weeks = 0.92; 24 weeks = 0.93). The individual total
scores were then averaged by the number of items with a response to account for missing items
at all three time points.

Knowledge of PBD was measured using a questionnaire (15 items) adapted from a
previous study that surveyed medical providers at baseline.®* Due to the various definitions of
PBD used, ambiguous and controversial items were omitted. For example, “Dairy is encouraged
in a PBD” and “Fish is a necessary part of a healthful diet” were excluded from the PBD
knowledge scores (11 items included) as the answers to these questions depended on the
definition of a PBD being used (DASH diet, pescatarian, flexitarian, vegan etc.) (Cronbach’s

alpha: baseline = 0.57).

6.3.4 Statistical Analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences
(SPSS) software version 29.0.2.0 (20) and RStudio version 2024.12.1+563. Both descriptive and
inferential statistics were performed. First, missing values were addressed using multilevel
imputation. This was followed by model analysis using a linear mixed-effects model (LMM) to
examine the effect of the DASH-Plus educational program on the continuous dependent variable,
healthy PBD consumption at three different time points and identify determinants affecting PBD

consumption.
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Missing Values and Multiple Imputation

Considering that missing values were missing at random (MAR) with participants being
lost to follow-up, multilevel imputation was performed using multivariate imputation by chained
equations (MICE). The mice (version 3.17.0) and miceadds (version 3.17.44) packages in R
were used to impute missing values. To account for the hierarchical structure of the study design,
a three-level imputation with predictive mean matching was used for the missing data.*>3 he
resulting imputation took into consideration that the longitudinal data was nested at three levels
(e.g. repeated measures [Level 1], collected across participants [Level 2], and nested within
different study sites, i.e. senior centers [Level 3]). All missing values were at level 1. An
interaction between the arm and time points was also included in the imputation model. Finally,
von Hippel’s “multiple imputation, then deletion” (MID) method was applied where all subjects
were used for the imputation process with the outcome variable included. Under MID, however,
participants with imputed outcomes are subsequently removed and excluded prior to model
analysis.'> The seed was set at 1212 and 20 imputed datasets were created, each with 20
iterations.

Once imputation was completed, convergence was visually examined using plots and
inspection of the predictor matrix, methods, and imputed values did not reveal any major issues.
A LMM was selected for model analysis given the continuous outcome variable, healthy PBD

scores (see below) and the final results were pooled across all imputed datasets.

Analysis
A greater improvement in PBD consumption over time for the intervention group
compared to the control group was hypothesized. Using LMM, repeated measures of the PBD

consumption were assessed across the three time points (baseline, 9 weeks, and 24 weeks). The
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participants and study sites were treated as random effects and the following variables were
considered in the initial model: arm, time points, arm and time point interaction, sex, education
(less than high school, high school/GED, post high school education through college, post-
graduate studies including graduate/professional degrees), age category (youngest-old, middle-
old, and oldest-old), living arrangement (lives alone, lives with family - spouse and/or children,
lives with others), body mass index (BMI), PBD perceived barriers, PBD perceived benefits,
PBD knowledge, readiness to consume a PBD, number of antihypertensive medications,
hypertensive self-care, and lastly number of medical conditions.

Backward stepwise elimination was applied and the variable with the least significant p-
value was iteratively removed while assessing the Akaike information criterion (AIC) and
Bayesian information criterion (BIC) for model improvement and fit. With each iteration, a
model where the AIC value decreased by 2 units after removing a variable was considered a
statistically significant improvement 122 and a decrease in BIC value between 5 and 10 units was
considered strong.?® The model with the smallest absolute AIC and BIC values was considered a
better model.*?* Once the most parsimonious yet effective model was reached, post hoc
comparisons of estimated marginal means (adjusted means) were examined for PBD
consumption among the three time points and arm (intervention vs. control) using Tukey's
Honest Significant Difference (HSD) test to determine the between- and within-group
differences.

Multicollinearity was tested using variance inflation factor (VIF). No significant (high)
multicollinearity was detected among the variables (VIF < 2), except for the time point and the
time point and arm interaction term which showed a moderate amount of multicollinearity. The

linearity, normality of residuals and random effects, and homoscedasticity were assessed with
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visual plots and were reasonably assumed to be met. Finally, the model predicted lines resembled

observed data.

6.4 Results

6.4.1 Socio-demographic characteristics of participants

A total n=212 participants were enrolled into the study. The average age of participants
was 74 + 7.5 years old with marginally over half (51.9%) of the participants categorized as
youngest-old (64 - 74 y). A majority of the individuals were female (88.7%), non-Hispanic
(92.9%), and over half were Caucasian (57%). Almost a quarter of the older adults (21%) had a
high school diploma/GED, and a large proportion (41%) had an education level ranging from
post-high school training through a 4-year college degree. About 50% of the participants lived by
themselves, while many lived with family members such as a spouse and/or children (42%).
Most of the participants (96.2%) were prescribed an anti-hypertensive medication and took an
average of 1.7 £ 0.8 anti-hypertensive medications. The average measured SBP was 137 + 20
mmHg, and the average DBP was 79 + 11 mmHg. The average number of self-reported medical
conditions was 6 * 2.6, the mean BMI was 31.0 * 6.4 kg/m?, and close to half of the participants
(48.1%) were categorized as obese. The baseline characteristics of the participants have also
been divided by the arm (intervention vs. control) in Table 6.1.

Table 6.1 Sociodemographic characteristics of study participants (n =212)

Variables Control Intervention Total
(n =90) (n=122) (N =212)
Age (years), mean (SD) 745+0.9 73.6 0.7 74+75
Youngest-old (64-74 y), n (%) 43 (47.8) 67 (54.9) 110 (51.9)
Middle-old (75-84 y), n (%) 37 (41.1) 44 (36.1) 81 (38.2)
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Oldest-old (>85 y), n (%) 10 (11.1) 9(7.4) 19 (9.0)
Sex, n (%)
Female 79 (87.8) 109 (89.3) 188 (88.7)
Male 11 (12.2) 13 (10.7) 24 (11.3)
Ethnicity, n (%)
Non-Hispanic/ Non-Latin American 88 (97.8) 109 (89.3) 197 (92.9)
Hispanic/ Latin American 1(1.1) 10 (8.2) 11 (5.2)
Race, n (%)
Caucasian 39 (43.3) 82 (67.2) 121 (57.1)
Black or African American 41 (45.6) 28 (23.0) 70 (33.0)
Asian 4 (4.4) 6 (4.9) 10 (4.7)
Other 6 (6.7) 3(2.5) 9(4.2
Living arrangement, n (%)
Alone 50 (55.6) 56 (45.9) 106 (50.0)
Family (spouse/partner and/or children) 34 (37.8) 57 (45.7) 89 (42.0)
Other (i.e. roommate) 6 (6.7) 9(7.4) 17 (8.0)
Education, n (%o)
Less than high school 18 (20%) 15 (12.3) 33 (15.6)
High school graduate/ GED 17 (18.9) 28 (23.0) 45 (21.23)
Post high school training through college 31 (34.4) 56 (45.9) 87 (41.0)
Post college through graduate/professional
degrees 24 (26.7) 23 (18.9) 47 (22.2)
Taking antihypertensive medications, n
(%) 88 (97.8) 116 (95.1) 204 (96.2)
Yes 2(2.2) 6 (4.9) 8(3.8)
No
Average number of anti-hypertensive 1.7+0.1 1.7+0.3 2+0.8
medications
Blood pressure
Average SBP (mm Hg) 136.9 £ 8.7 137.3+21.0 137.1+£20.0
Average DBP (mm Hg) 76.5+10.3 80.2+114 786+11.1
Number of medical conditions 57+£03 581+0.2 6+£2.6
Anthropometric measurements
BMI (kg/m?) 31408 30.4+0.6 31.0+6.4
Healthy weight (18.5 and 24.9 kg/m?) 14 (15.6) 16 (13.1) 30 (14.2%)
Overweight (25 and 29.9 kg/m?) 28 (31.1) 48 (39.3) 76 (35.8%)
Obese (>30 kg/m) 48 (53.3) 54 (44.3) 102 (48.1%)
PBD consumption scores (range: 2 - 3.91)
Baseline 3.00+0.33 3.03+0.31 3.01+0.32
9 weeks 3.04 £0.32 3.18 +0.27 3.12+0.30
24 weeks 3.02+0.35 3.14+0.30 3.09+£0.33
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6.4.2 Correlation matrix of fixed effects

The relationships among the estimated coefficients of fixed effects were examined and
the correlations are shown below in Table 6.2 These results showed a fairly weak relationship
among the uncertainty in the estimated effects of predictors and support low collinearity among
the variables and that the estimates are relatively independent.

Table 6.2 Correlation matrix of estimated coefficients of fixed effects

Variables Int 1 2 3 4 5 6 7 8 9 10 11
1.Arm, 0 -0.226 1

2.9weeks -0.176 0.281 1

3.24 weeks -0.189 0.266 0.463 1

4. Edu?2 -0.193 -0.093 -0.002 -0.003 1

5. Edu3 -0.273 -0.115 0.013 0.016 0647 1

6. Edu4 -0.282 0.062 0.025 0.020 0569 0.666 1

7.Barriers -0.574 0.032 0.148 0.142 -0.002 0.093 0.146 1

8. Med -0.275 0.014 -0.009 -0.001 -0.049 -0.122 -0.025 -0.013 1

Conds

9. Selfcare -0.699 0.041 -0.005 0.024 -0.052 -0.003 -0.042 -0.084 -0.003 1

10. Arm* 0145 -0.370 -0.739 -0.333 0.010 0.007 0.014 0540 0.005 -0.144 1
9weeks

11. Arm* 0143 -0.351 -0.330 -0.750 0.002 0.005 0.012 0.055 -0.006 -0.140 0476 1

24weeks

(1) Arm: 0 = Control (reference), 1 = Intervention; (2) Time points: 1 = baseline (reference), 2 =
9 weeks, 3 = 24 weeks, (3) Education: 1 = less than high school (reference), 2 = High school
graduate/GED, 3 = post high school training through bachelor’s degree, 4 = post baccalaureate
through graduate/ professional degrees (7) perceived barrier of PBD scores (8) number of self-
reported medical conditions (9) hypertensive selfcare (1) Arm and time point interaction: 1 =
baseline (reference), 2 = 9 weeks, 3 = 24 weeks

6.4.3 Predictors of PBD consumption

Using a LMM, PBD consumption was included as the dependent variable. The model
incorporated a set of fixed-effects that included the study arm (control vs. intervention), time

points, education, PBD perceived barriers, number of medical conditions, self-care, and the
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interaction between the arm and time points. By including an interaction term between the study
arm and time points, we examined how the intervention’s effect might vary across different time
points. To account for potential clustering and individual variability, we included each subject
and study sites (i.e. senior centers/ living) as random effects. This approach allowed for a
nuanced understanding of how various factors might influence PBD consumption over time
while controlling for potential sources of variation within the study sample. The final model
specification was as follows: Arm + Time point + Arm * Time point + Education + PBD
perceived barriers + Number of medical conditions + Selfcare + (1|StudySite.l) +
(1/SubjectSID).

All variables were significant except for the individual arm and time point variables as
shown in Table 6.3. There was a significant main effect of education levels associated with PBD
consumption. Compared to older adults with less than a high school education, older individuals
who had a post-baccalaureate education through a graduate/professional degree were
significantly more likely to increase their PBD consumption (p =0.001). There was also a
significant main effect between perceived PBD barriers (p <0.001), number of medical
conditions (p =0.04), self-care, and the outcome. Participants who reported less PBD barriers, a
lower number of self-reported medical conditions, and higher hypertensive self-care practices
consumed significantly more plant-based foods. Lastly, the arm and time point interaction (p =
0.04) showed a significant main effect indicating that the intervention’s effect on PBD

consumption varied across different time points and was investigated further below.
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Table 6.3 Predictors of PBD consumption in hypertensive, older adults

Predictors Fixed - Confidence Standard Statistic P value
effect intervals error
Estimate
Intercept 2.83 [2.58, 3.08] 0.13 22.28 <0.001***
1. Arm
Control Reference
Intervention 0.031 [-0.064, 0.125] 0.048 0.63 0.53
2. Time points
Baseline Reference
9 weeks 0.024 [-0.031, 0.080] 0.028 0.88 0.38
24 weeks 0.014 [-0.045, 0.073] 0.030 0.47 0.63
3. Education
Less than Reference
high school
High school/GED 0.042 [-0.069, 0.153] 0.056 0.74 0.46
Post high school 0.076 [-0.027, 0.178] 0.052 1.44 0.15
through college
Post college through  0.192 [0.076, 0.308] 0.059 3.25 0.001**
graduate
4. PBD barriers -0.077 [-0.119, -0.035] 0.021 -3.61 <0.001***
5. Medical conditions -0.014 [-0.027, -0.001] 0.007 -2.11 0.04*
6. Selfcare 0.018 [0.010, 0.025] 0.004 461 <0.001***

7. Arm X timepoint

Baseline Reference
9 weeks 0.077 [0.005, 0.150] 0.037 2.10 0.04*
24 weeks 0.045 [-0.032, 0.121] 0.039 1.15 0.25
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*Statistically significant p value <0.05
**Statistically significant p value <0.01
***Statistically significant p value <0.001

6.4.4 Changes in PBD consumption

Tukey's Honest Significant Difference (HSD) test was performed to assess the time point
and arm interaction differences for within-group and between-group differences for PBD
consumption. The PBD consumption for the intervention group was significantly higher at week
9 compared to the baseline (p <0.001). No significant differences in PBD consumption were seen
between baseline and at 24 weeks nor between week 9 and week 24 in the intervention group.
This suggested that PBD consumption increased after the intervention at week 9, but decreased
when measured at week 24 shown in Table 6.1. In the control group, there were no significant
within-group differences observed among the three time points for PBD consumption. There
were also no significant between-group differences between the intervention and control arm
among the three time points also shown in Table 6.4

Table 6.4 Pairwise contrasts for PBD scores (consumption among time points for
intervention and control groups

Contrast estimate SE df t.ratio P values

Control (within-group differences)

Baseline - 9 weeks  -0.025 0.028 3529 -0.877 NS
9 weeks - 24 weeks  0.011 0.030 3574 0.348 NS

Baseline - 24 weeks -0.014 0.030 359.0 -0.475 NS

Intervention (within group differences)

Baseline - 9 weeks  -0.102 0.025 3794 -4.105 <0.001***

9 weeks - 24 weeks  0.043 0.024 350.6 1.779 NS
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Baseline - 24 weeks -0.059 0.026 377.3 -2.284 NS

Between group differences: control and intervention comparisons

Baseline -0.031 0.049 16.8 -0.628 NS
9 weeks -0.108 0491 176 -2.201 NS
24 weeks -0.075 0.051 20.2 -1.485 NS

*Statistically significant p value <0.05
**Statistically significant p value <0.01
***Statistically significant p value <0.001

6.4.5 Linear mixed-effects model (LMM) comparisons

The final model (Table 6.5) was a significantly better fit (AIC: 44.90; BIC: 109.44)
compared to the null model (AIC: 59.34; BIC: 76.55, y2 = 100.88, p < 0.001). The BIC value for
the null model is lower but considering that the objective is to determine the effect of
intervention on PBD consumption, the AIC value was followed. The effects of the random
variable were tested as well and there was a significant difference between the final model (with
the random effect) and the same model without the random effect (AIC: 130.23; BIC: 186.16, x?
= 158.67, p <0.001). The marginal R-squared (R2m) showed that 19.6% of the variance in the
outcome variable is explained by the fixed effects alone and the conditional R-squared (R%c)
showed that 67.6% of the variance seen is explained by using the existing fixed and random
effects, the remaining were accounted for by possible error terms and other factors.

Table 6.5 Model Comparisons and Summary

AlIC BIC x° P value
Final LMM 44,90 109.44
Null LMM 59.34 76.55 100.88 <0.001
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Without random effects 130.23 186.16 158.67 <0.001
(LM)
Model Summary

Marginal R-squared (R2m) Conditional R-squared (R3c)
Final LMM 0.196 0.675

6.5 Discussion

This study investigated the potential use of a community-level intervention, the DASH-
Plus program in facilitating dietary changes in community-dwelling, hypertensive older adults
towards a more PBD and examined key predictors affecting PBD consumption. Participants with
higher education levels (p <0.001), fewer plant-based diet barriers (p <0.001), fewer medical
conditions (p = 0.004), and better hypertensive self-care practices consumed significantly more
plant-based foods. Using a LMM, adjusting for significant predictors associated with PBD
consumption including education level, perceived barriers for PBDs, number of medical
conditions and hypertensive self-care, a significant increase in PBD consumption at week 9 (p
<0.001) was observed, although these effects were not sustained at week 24. These findings
suggest that the intervention has the potential to influence dietary behavior in the short term and
further research is needed to explore strategies for long-term efficacy. Future interventions could
be improved by increasing the duration of the educational portion of the intervention, adding
booster sessions periodically, and other supportive measures.

While the key predictors in the final model showed relatively small effects, as indicated
by the fixed effect estimates, the model explained a moderate proportion of variance (19.6%) in

PBD consumption, offering valuable insight into the outcome. Moreover, the substantial
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conditional R-squared (67.6%) highlights the importance of accounting for individual and site-
level variability to fully understand patterns of PBD consumption in future studies. In recent
years there has been a growing interest in PBDs. Adherence to PBDs increased from 4.0% to
11.8% (X?[1, N = 2060] = 43.624, p < 0.001) from 2019 to 2022 in surveyed respondents (18 -
80y), and adherence to the DASH diet in consumers (18 - 80 y) was 1.9% on average between
2019 and 2021, but increased to 5.5% in 2022.14 With the rising popularity, it has become
increasing important to explore safe and effective ways to transition to a healthy PBD, especially
in older adults. One author writes, “Once it is clear ‘what’ needs to be done, the issue of ‘how’
change may occur is another matter” when discussing behavior changes to improve nutritional
quality and health outcomes.'4?

As mentioned previously, it is important to note that not all PBDs are created equal in
terms of environmental and health effects. There are healthful and unhealthful plant foods
associated with coronary heart disease. Whole grains, fruits, vegetables, nuts, legumes, vegetable
oil, tea, and coffee have been identified as healthful plant foods. In contrast, fruit juices, refined
grains, potatoes, sugar-sweetened beverages, sweets, and desserts are considered unhealthful
plant foods.%® It has been shown that a diet consisting of primarily unhealthful plant foods could
put an individual at greater risk of cardiovascular disease compared to an average omnivorous
diet.29” Additionally, one study concluded when analyzing data from 1999 to 2020, among
individuals who consumed a PBD, ultra-processed foods provided most of their energy intake. 6!
Although not all ultra-processed foods are of low diet quality,'®? consuming large amounts of
ultra-processed foods has been associated with numerous adverse health outcomes.63164 When
designing interventions to help transition older adults to a more PBD, it will be crucial to ensure

that nutrition quality does not diminish.
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The rise in popularity of PBDs has also been seen in older adults. In 2022, it was reported
that more than three times as many older consumers followed a plant-rich dietary pattern
compared to 2019 (9.0% vs. 17.3%, X?[1, N = 1312] = 20.307, p < 0.001).1** In the present
study, baseline data showed that most of the participants identified as omnivores (84.4%) with no
dietary restrictions, except for food allergies. About 8% of the participants identified as
flexitarians, where they mostly consumed plant-based foods, but occasionally ate meat. A small
percentage (2.8%) indicated that they were vegetarian. Four participants (1.9%) were
pescatarian, and 5 individuals (2.4%) chose ‘other.” For example, meat was included in their diet,
but red meat was excluded. The distribution of dietary habits in surveyed respondents were
similar to those found in a study that examined meat consumption in older consumers. The
researchers reported a majority of older adults were meat-eaters, with only 1.1% of the study
sample self-identifying as a pescatarian and, 0.5% ovo- and/or lacto-vegetarian, and 0.1%
vegan.1®> However, transitioning to a PBD in a safe and effective manner, especially in the older
adult population needs more careful consideration and the findings in the present study have
shown that the DASH-Plus program helped increase PBD consumption in the intervention group
and offers a good starting point to address this issue.

In terms of efficacy and safety, PBDs have been gaining broad support in recent years for
many different benefits including health. Research has shown the significant association between
foods consumed and health outcomes including non-communicable diseases %8113 and
especially with cardiovascular conditions, the current leading cause of mortality.5%:66.106.107 Thjs
recognition is seen in different movements such as the Food is/ as Medicine 6 as well as in
many professional and medical organizations. For example, the American Heart Association has

encouraged PBDs by stating that adherence to diets such as the Mediterranean, DASH,
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pescetarian, and vegetarian would support optimal cardiovascular health.'6” The Academy of
Nutrition and Dietetics released a position statement in 2025 saying that vegetarian and vegan
dietary patterns can be nutritionally adequate providing health benefits including cardiometabolic
disease, but that it needs to be planned appropriately.1®® Among PBD, the DASH diet
incorporates a variety of plant-based foods. Fruit and vegetable intake during the later life stage
in older adulthood has been associated with a decreased risk of chronic diseases, protects against
hypertension, and supports cardiovascular health.16%179 Despite these benefits, it has been found
that less than half the older adults consume the recommended five servings of fruits and
vegetables. Most include at least one serving of fruit and vegetables a day. It has been estimated
that 21 to 37% of older men and 29 to 45% of older women (> 65 y) reach the recommended
servings per day. Within the older adult population, differences among age groups have been
reported. Seniors aged 75 and older were more likely to consume fruit compared to older adults
65 - 74 y tended to have more vegetable intake. It is especially important for older individuals to
be aware of their fruit and vegetable intake because they likely consume smaller quantities of
food in general and this may lead to vitamin and mineral deficiencies.'®® The present study did
not find a difference in healthy PBD consumption based on age categories. Regardless, following
the DASH diet can be used as a guide for older adults to encourage more fruits and vegetables
consumption.

Protein is another nutrient that needs to be considered when transitioning to a PBD,
especially for older adults. Although controversial, it has been argued that older adults should
increase their protein intake to 1.2g of protein/ kg/ day, which is above the current
recommendation of 0.8g/kg/day.34° This is a concern that has been raised with certain PBDs

such as vegetarianism and veganism.’%172 Despite these concerns, there is some evidence to
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suggest that older adults’ average meat consumption may be above the recommended amount in
a healthy diet.*®®> These findings are similar to the meat consumption pattern in the rest of the
population.8217 The DASH diet does not advocate a complete elimination of animal-based
products including meat, but it does encourage lean meats, poultry, and fish and recommends six
1-ounce servings or fewer.”® This may be a more appropriate strategy to use with this population
and offer a more balanced approach. These characteristics of the DASH diet make it a more
practical, safer, and effective guideline for this population. Additionally, given the rising health
statistics that most seniors have hypertension, which is a major risk factor to multiple adverse
health outcomes 2 using the DASH diet will help address this pressing issue as well. A
description of the BP findings of the DASH-Plus program can be found elsewhere.

The results of this study should be carefully interpreted with the following limitations.
First, as mentioned, the PBD consumption was determined using self-reported dietary behaviors
and these are often subject to recall and social desirability bias. Due to this the actual
consumption of plant-based foods may have been over- or underestimated. Secondly, the survey
does not list some of the plant-based foods in the healthful PDI such as whole grains, tea, and
coffee. However, in a community nutrition setting, a long extensive survey may not be feasible
and burdensome to this population. The chosen validated survey provides a general overview of
a person’s diet and was specifically tested for older individuals with cardiovascular diseases.
Finally, the ratio of females to males in the study was largely skewed. A large majority of
participants were female and although it has been shown that sex ratios shift significantly for

older adults,® results may not be generalizable to the whole older adult population and for males.
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6.6 Conclusion and future implications

While the intervention demonstrated a modest effect on PBD scores, the DASH-Plus still
offers an initial safe and effective method to help older adults transition to a more PBD.
Furthermore, the educational interventions are relatively low-cost and easy to implement,
making it a feasible option for widespread use. Additional research is needed to optimize the
intervention and explore its long-term effects. In the meantime, this intervention represents a

promising step towards improving dietary habits and sustainability in this vulnerable population.
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Chapter 7: Discussion

7.1 Summary of findings

Starting with the cross-sectional analysis of baseline data collected, the psychosocial
factors and demographic characteristics associated with a healthy PBD consumption among
hypertensive older adults (>60 y) were examined and related factors that potentially influence the
likelihood of adopting a plant-based dietary pattern were identified. Several predictors were
found to be significantly associated with PBD consumption in this population. Older adults who
lived with family members (spouse/partner and/or children) showed a significantly higher
likelihood of consuming a healthy PBD compared to older adults living with non-related
roommates (others). This finding was not discussed extensively in earlier studies. One possible
reason may be due to financial hardship. It has been shown that SES is associated with living
arrangements, where participants who lived alone or with their children had a lower monthly
income and were less satisfied with their economic condition than participants who lived with a
spouse/partner only.1?5127.129 |n g similar manner, older adults may live with non-family
roommates out of financial concerns. Additionally, this group may live in an assisted living type
of facility with others because they need more care for various health conditions, which could
explain both their lower plant-based food intake and living arrangement. Certain health
conditions may prevent older adults from consuming plant-based foods such as nuts due to
swallowing difficulties or dental issues and if they are physically unable to cook for themselves

or have reduced appetites due to feeling unwell, it could also potentially decrease their intake of
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healthy plant-based foods. The relationship between these living arrangements and dietary
patterns warrants further investigation to determine the relevant associations.

Previous findings showed that living arrangement was an important factor associated
with dietary habits of older adults in general. Most of the research showed that older individuals
who lived alone were less likely to have healthier dietary practices, they consumed a lower
variety of foods,?6:127129 |ess fruits, 125127129 yegetables,'?612% and fish.*?” These studies,
however, are dated and were conducted several decades prior and should be updated. Living
arrangements were also linked to other factors such as social isolation and loneliness that can
contribute to the development of depression, although not in all cases. Furthermore, depression
was shown to be associated with nutritional deficits.'?® Older adults living with a spouse/partner
or children were less likely to be depressed than when those who live by themselves.? These
results support earlier findings that simply living with someone does not improve eating
behaviors, but rather who they live with is an important consideration,*?® especially those living
with a non-related roommate(s).

Older adults’ consumption of healthy plant-based foods was also associated with their
readiness to consume a PBD. Compared to those in earlier stages, individuals at the action and
maintenance stages reported significantly higher PBD consumption. Finally, older individuals
more likely to consume a healthy PBD were male, had fewer perceived barriers, maintained
better hypertensive, self-care practices (medication adherence, low-salt diet, physical activity,
and smoking) and had fewer chronic diseases overall. The gender findings in the present study
were inconsistent with previous studies that reported that females were more likely to consume a
healthy PBD compared to males. It should be noted that only about 11% of our sample were

males so it may not reflect the broader population-level trend. It is also possible that males in our
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sample were living with partners/spouses who prepared healthier plant-based meals for them,
and this may indirectly explain the findings in this study.

Many of these characteristics were held when examining readiness to consume a PBD
and the reported consumption of PBD. First, perceived barriers were found to be a significant
predictor in all three studies. It was found to be associated with both readiness as a mediator and
directly with reported PBD consumption under the DASH-Plus intervention. This is unsurprising
as the perceived barrier construct has been found to be the single strongest predictor in the HBM
in terms of behavior change.”"® This finding provides an important insight, when designing
future interventions for dietary behavior change. To facilitate a plant-based dietary pattern, a
focus on decreasing barriers will be an effective strategy. For older adults, the main perceived
barriers that should be addressed were needing more information about this type of dietary
pattern, followed by not having enough plant-based choices when eating out, and the perceived
barrier that meat is too enjoyable to limit for a PBD. Future interventions should offer strategies
to help lower these barriers.

Perceived benefits of PBD such as increased fiber intake, helping older adults stay
healthy, and decreasing saturated fats should also be included. For readiness to consume a PBD,
perceived benefit was still a key determinant in addition to perceived barrier through decisional
balance. This finding suggested that as participants considered the advantages and disadvantages
of consuming a PBD, their readiness changed. Specifically, as their perceived barriers decreased
and their perceived benefits to consuming a PBD increased through the DASH-Plus program. An
increase in the correlation between the two variables with readiness was observed for the
intervention group, but not for the control group through the three time points. Furthermore, an

initial difference between the intervention and control group was seen at 9 weeks. Including all
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three variables when encouraging a more PBD in older adults will likely be an effective
approach as readiness is a known mediator for behavior change.'*®

Finally, individual motivations such as the importance of health and environmental
considerations such as global warming when purchasing or consuming plant-based foods were
also associated with readiness to consume a PBD. Compared to participants who ranked health
as not too important when purchasing or consuming plant-based foods, those who indicated a
moderate or high level of importance were more likely to increase their readiness. Older adults
who ranked environmental concerns as moderately or very important when purchasing or
consuming plant-based foods were also more likely to increase their readiness to consume a PBD
compared to those who ranked that this issue as not too important. This is in line with previous
findings that have shown that many people often change dietary habits for health reasons and
that health reasons are usually ranked higher than environmental reasons or animal
welfare.5%78.99.152 These types of motivations also need further investigation to understand the
driving factors behind behavior change, especially in this population in order to tailor
interventions more effectively.

The reported consumption of PBD helped examine the change in dietary behaviors more
directly. It was hypothesized that the DASH-Plus intervention would increase PBD consumption
in intervention participants over the three time points. This effect was seen at 9 weeks for the
intervention group but was not sustained at 24 weeks in a similar manner to readiness. To
maintain dietary behavior changes, the intervention may need more long-term strategies such as
additional booster sessions and other supportive measures. Future research will be needed to
investigate the effects of these additions. It was also found that participants reporting fewer PBD

barriers, fewer medical conditions, and better hypertensive self-care practices consumed
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significantly more plant-based foods. Also, education significantly influenced PBD consumption,
with participants holding graduate/professional degrees showing higher intake compared to those

with less than high school education.

7.2 Implications

There has been a growing interest in PBDs for their health and other sustainability
benefits. With the rise in popularity, when considering a more plant-based dietary pattern it is
important to make dietary changes in an appropriate manner. For the older adult population,
there are important nutritional considerations in order to provide a safe and effective
intervention. Behavior change in general can also be challenging including dietary behavior
changes to consume more plant-based foods. Understanding their underlying perceptions,
beliefs, and attitude will help tailor interventions to address their specific needs and challenges.
For example, targeting perceived barriers found through this research and enhancing self-care
strategies could potentially facilitate the adoption of healthy plant-based dietary choices among
hypertensive older adults.

Additionally, when using readiness to change PBD consumption in an intervention, one
focus should be to decrease perceived barriers and increase perceived benefits that affect older
adults most. Providing more information about PBDs and the currently available PBD choices
when eating out should be included as well. The enjoyment of meat was also a highly ranked
barrier. To address this barrier, more studies regarding meat consumption in this population is
needed. Simultaneously, discussing the benefits of PBD such as increasing fiber intake, staying
healthy, and decreasing saturated fats should also be highlighted. The findings of this study

suggest that including all three aspects into one study may be a way to increase effectiveness.
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Another implication is that the DASH-Plus provided significant short term benefits in
readiness to consume a PBD and in reported consumption of PBDs offering a promising strategy
to modify older adults’ dietary choices. The DASH diet offers a structured dietary guidance that
has been rigorously tested for over two decades. To have lasting impact, however, future
interventions should include more long-term supportive measures. Adding booster sessions,
increasing exposure to educational materials, increasing the frequency of sessions should all be
investigated further. These implications can be used to inform potential strategies, future
research, and other public health initiatives using PBDs to address chronic disease prevention
and management in the aging population. Using PBDs to improve health outcomes will help

improve other sustainability domains well.

7.2.1 Limitations

While the enclosed findings offer positive implications for improving older adult health
through lifestyle changes, it's important to consider the following limitations. The sample size in
the study was modest and skewed towards female participants. While the target of 120
intervention participants was reached, only 90 participants were recruited in the control cohort
and both decreased further at later time points. This may have reduced the statistical power and
the external validity. As a result it may not be applicable to the general older adult population or
to older males.

As previously mentioned, the study design was also changed from cluster randomization
to a quasi-experimental design due the prolonged effects of COVID-19 during the
implementation stage. This may have increased selection bias, reduced internal and external

validity as well. The sample may not be representative of the population being examined.
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Finally, when measuring the consumption of plant-based foods, this was captured using a
FFQ. First, these were self-reported measures and may not accurately reflect the actual
consumption in an individual’s diet. They may also have been subject to social desirability bias
and recall bias. Additionally, although the FFQ used was able to provide a general depiction of a
person’s diet, it was relatively short and may also not have been able to measure the true dietary
consumptions as a longer FFQ or alternative methods. The questionnaire also did not contain all
of the components of a healthy PBD. It was missing whole grains, tea, and coffee that are a part

of the hPDI.

7.2.2 Strengths of the studies

There are also several strengths supporting the current findings. Psychosocial variables
with a strong theoretical background were applied to better understand the characteristics of
older adults who consume a more PBD. Few studies have examined the perceptions, attitudes,
and readiness in older adults, so these findings provide an additional consideration that helps
personalize interventions towards this population. The studies also incorporated scales that were
previously used so that the results were directly comparable to previous measures. This provides
continuity and helps detect changes over time. For example, the perceived barriers and benefits
in this present study were able to be compared to the past study to discern what is currently
relevant.

Another strength of the study is the multiple imputation used for handling missing data.
This is especially useful with a repeated measures longitudinal study. In this type of study,
missing data is common and can reduce the statistical power especially when using complete
case analysis. It is a useful method when there is missing data in covariates rather than only in

the outcome variable.r’* The imputation process is also enhanced when using the “multiple
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imputation, then deletion” method. Including the outcome variable in the imputation process
improves accuracy as it preserves the relationship among the variables and removing the imputed
outcomes reflects the actual data collected.

Finally, there is strong potential for program sustainability through the vast Extension
network. The educational portion is low-cost with few necessary equipment (e.g. an overhead
projector may be needed to share power point slides). The DASH diet is a safe and effective diet
that will help address the rising prevalence of hypertension in this population as well as prevent

and manage other chronic conditions.

7.2.3 Consideration for future research

The findings of this study offer some considerations for future research. Previous
findings and the present study both support the importance of older adults’ living arrangements
when examining dietary habits including PBDs. There are some studies that have examined this
topic recently,*’>17¢ but further studies are warranted. Future studies should also explore older
adults who live with non-related roommates. Examinations of motivations associated with PBD
consumption in older adults specifically such as health, climate change, animal welfare, and taste
among others will help further guide intervention strategies when modifying diets towards a
more plant-based one.

Additionally, interventions that include and examine measures for long term changes are
also needed. Future interventions that include continual support such as booster sessions,
increasing the duration of the educational portion of the intervention or the frequency can also be
explored to find the best approach. Further testing of the perceived benefits and barriers will be
informative as well as more investigations into the psychosocial factors in this population in

general.
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Lastly, the DASH-Plus program was conducted in English, assuming participant
comprehension in this format. However, as population diversity increases, so does the need for
culturally adapted interventions. To broaden the program's reach, future research should explore

the DASH-Plus program and similar interventions across diverse cultural contexts.

7.3 Conclusions

The escalating burden of chronic diseases, particularly cardiovascular disease and major
risk factors like hypertension, coupled with a rapidly aging population, underscores the critical
need for effective dietary interventions like PBDs. The investigations and findings presented,
building upon the established DASH-Plus program—a dietary approach emphasizing fruits,
vegetables, and whole grains while limiting sodium and saturated fats—offer practical and safe
strategies to facilitate the transition towards a PBD in older adults. Specifically, this research also
highlights the importance of tailored educational interventions that address the unique dietary
needs and preferences of older adults, as well as the necessity of longer-term strategies such as
booster sessions to promote lasting adherence to PBDs. Future studies should focus on
developing culturally adapted PBD interventions, evaluating their long-term effectiveness in
diverse populations of older adults, and assessing their cost-effectiveness in real-world settings.
Promoting PBDs in older adults can significantly improve their cardiovascular health, reduce the
risk of chronic disease complications, and enhance cognitive function. This, in turn, can alleviate
the burden on the already overstrained healthcare system by reducing hospitalizations and
medication use. Furthermore, PBDs contribute to broader sustainability efforts by reducing

greenhouse gas emissions and minimizing water consumption associated with animal agriculture.
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Appendices

1. Baseline DASH-Plus questionnaire
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SID number:

Study Site

County

Intervention or Control

Questionnaire
(Baseline)

Effects of an Integrated System Approach on Hypertension
Management in Community-Dwelling Older Adults




INTRODUCTION

My name is (NAME OF INTERVIEWER) and | am from (NAME OF AGENCY). We are doing an important
project with Maryland senior centers and several community sites in collaboration with the University of
Maryland College Park. The goal of the project is to find out how an effective hypertension management
program will help older adults manage their blood pressure. During this interview, | will be asking you questions
about your health and living situation. Please remember that all the information you provide me is confidential.
Do you have any questions at this time?

A. Screener

Al. Date & Time: yy mm dd time (AM/PM)

A2. Interviewer name:

A3. Respondent’s Name :

A4. Respondent’ address:

A5. Telephone number: ( )
A6. Email:
A7. Hypertension measurement
a. 15t systolic BP: 15t diastolic BP:
b. 2" systolic BP: 2"d diastolic BP:
c. 3" systolic BP: 3" diastolic BP:
A8. Are you taking antihypertensive medication? 11. Yes 12. No

A8-1. Does the interviewee take antihypertensive medication?

1 Yes (ELIGIBLE. GO TO B1, next section.) 2 No (next question. GO TO A8.2)
A8.2. Is the mean systolic BP = 140 or mean diastolic BP = 907

1Yes (ELIGIBLE. GO TO B1, next section) 2 No (NOT eligible for the study)

fan | : . ligible for 1 v ol |

B. 6-ltem Screener (Callahan et al. 2Mini-Mentalental State Exam (MMSE)

Now, | am going to name 3 objects. Please wait until | say all 3 words; then repeat them.
Remember what they are because | am going to ask you to name them again in a few
minutes. Please repeat these words for me.

(Interviewer may repeat names 3 times if necessary but repletion not scored)




B1. Did the patient correctly repeat all 3 words? Yes No
Incorrect correct

B2. What year is this? ( ) 0 1

B3. What month is this? ( ) 0 1

B4. What is the day of the week? ( ) 0 1

What were the 3 objects | asked you to remember

B5. Word 1 0

B6. Word 2 0 1

B7. Word 3 0 1

Total score (

)

*INTERVIEWER: If the score of a respondent is <3,
because of communication issue, please notify it to
the questionnaire.

or if an interviewer is not able to proceed the interview
a project coordinator and write down a brief note on

***f participant qualifies - OBTAIN CONSENT BEFORE CONTINUING***

C. Demographics

2) Non-Hispanic

4) Native Hawaiian or Pacific Islander

3) Separated
6) Never married

Cl. Gender: 1) Male 2) Female ___ 3) Non-binary/third gender__4) Prefer not to say __
C2. Date of birth: / /19
C3. How do you describe your ethnicity? 1) Hispanic/Latino
C4. How do you describe your race?
1) Black or African American 2) White
3) Asian
5) American Indian or Alaska Native 6) Some other race
C5. What is your current marital status?
1) Married 2) Not married, living with partner
4) Divorced 5) Widowed
C6. Current living status?
1) Lives by myself 2) Lives with my spouse
3) Lives with children 4) Lives with others
C7. Education completed

1) K-12th grade

3) Post-high school education/training
5) 4-year college degree

7) Graduate or professional degree(s)

2) High school graduate, GED
4) 2-year college degree

6) Post-graduate study

8) None
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C8. Please list your current medical conditions:

C9. What kind of health insurance coverage do you have? (Check all that apply)
1) None
2) Medicaid
3) Medicare
4) Private insurance paid by me only
5) Private insurance paid by my employer only
6) Private insurance paid by my employer and me
7) Military insurance (TRICARE or VA)
8) Others:

C10. What is the annual household income including salary, interest, and supplementary
income?

1) Lessthan $10,000 2) $10,000-19,999

3) $20,000 — $29,999 4) $30,000 - $49,999
5) $50,000 - $74,999 6) $75,000 - $99,999
7) $100,000 to $ 149,999 8) $150,000 or more

C11. Please tell me the |ist of antihypertensive medications (Type. dose. frequency). (Ifa

participant doesn’t know what medication he or she is taking, please ask them whether it is ok to call

them later to ask about this information. D Check box if ok to call later

C12. How long have you known about your hypertension? years months

C13. Please rate your physical health
1) Excellent 2) Very Good 3) Good 4) Fair 5) Poor

C14. Please rate your mental health
1) Excellent 2) Very Good 3) Good 4) Fair 5) Poor

D. MEDICATION ADHERENCE (Morisky et al. 2008)

Now, | am going to ask about your hypertension medication-taking practice.
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treatment plan?

Questions Answers
D1. Do you sometimes forget to take your high blood pressure pills? 1) Yes 2) No
D2. Over the past 2 weeks, were there any days when you did not take
: - 1) Yes 2) No
your high blood pressure medicine?
D3. Have you ever cut back or stopped taking your medication without
: . 1) Yes 2) No
telling your doctor because you felt worse when you took it?
D4. When you travell orlleave home, do you sometimes forget to bring 1) Yes 2) No
along your medications?
D5. Did you take your high blood pressure medicine yesterday? 1) Yes 2) No
D6. When you feel like your blood pressure is under control, do you
: . - 1) Yes 2) No
sometimes stop taking your medicine?
D7. Do you ever feel hassled about sticking to your blood pressure 1) Yes 2) No

D8. How often do you have difficulty remembering to take all your blood
pressure medication?

1) Never/rarely
2) Once in a while
3) Sometimes

4) Usually

5) All the time

E. Composite measure of PHYSICAL FUNCTION

Now, | would like to ask about your physical function to understand whether you experienced any

difficulty or needed help to do daily activities or chores jn the past month.

Nohelp | Help
with no Difficulty
difficulty needed
During the past month, did you need help with...
E1l. Bathing?
E2. Personal grooming?
E3. Dressing
E4. Feeding?

E5. Getting from a bed to a chair

E6. Using the toilet?

E7. Walking across a small room?

E8. During the past month, did you get to places out of walking
distance?

E9. During the past month, did you go shopping for groceries?

E10. During the past month, did you prepare your own meals?

E11. During the past month, did you do your own housework?




Yes No

E12. During the past month, have you as a result of physical
health accomplished less than you would like?

E13. During the past month, were you as a result of your
physical health limited in the kind of work or other
activities?

E14. During the past month, have you had any problems with
your work or other regular daily activities as a result of
your physical health?

Yes, a Yes, a Not at
lot little all

E15. Does your health now limit you in moderate activities?

E16. Does your health now limit you from climbing several
flights of stairs?

Now, | would like to know whether you have any trouble getting food.
F. Food security (2-item)

F1. Within the past 12 months, we worried whether our food would run out before we got money to
buy more.
111 Often true
12 Sometimes true
113 Never true
14 Don’t know or Refused

F2. Within the past 12 months, the food we bought just didn’t last and we didn’t have money to get
more.
11 Often true
[12 Sometimes true
13 Never true
[14 Don’t know or Refused

G. Perceived FV accessibility

G1. How easy or difficult is it for you to get fresh produce (fruits and vegetables)?
1) Very difficult 2) Somewhat difficult 3) Somewhat easy 4) Very easy

Thinking about where you go to buy most of your groceries, please tell us how far you travel and
how long it takes:

G2. For groceries, | travel about ( ) miles and it usually takes about ( ) minutes




G3. What is the most typical way you travel to the store for your groceries?
1) 1drive my own car
2) | ride with a friend and family member
3) Itake the bus
4) | take a taxi
5) I walk or ride my bicycle
6) Other

G4. Do you own a car? 1) Yes 2) No

Think about your neighborhood as the area within a 20 min walk or about a mile from your home and
answer the following questions.

Strongly | Agree | Neutral | Disagree | Strongly
agree disagree

Gb5. Itis easy to buy fresh fruits and vegetables in

my neighborhood

G6. There is a large selection of fresh fruits and

vegetables in my neighborhood

G7. The fresh fruits and vegetables in my

neighborhood are high quality

H. Self-care activity level effects (H-Scale)

Medication Usage How many of the past 7 days did you: from 0-7 days

H1 | Take your blood pressure pills? days

H2 | Take your blood pressure pills at the same time every day? days

H3 Take the recommended number of blood pressure pills? days

Low-salt Diet How many of the past 7 days did you...from 0-7days

H4 | Follow a healthy eating plan as prescribed by a physician? days

H5 | Eat potato chips, salted nuts, or salted popcorn? days

H6 | Eat smoked meats or smoked fish? days

H7 | Eat salted vegetables days

H8 | Eat 25 servings of fruits and vegetables? days

H9 | Eat store-bought or packaged bakery goods? days

H10 | Salt your food at the table? days

H11 | Add salt to food when you’re cooking? days

H12 | Avoid eating fatty foods? days

Physical Activity How many of the past 7 days did you...from 0-7days

H13 | Do at least 30 minutes total of physical activity? days

H14 | Do a specific exercise activity (such as swimming, walking, or biking) days

other than what you do around the house or as part of your work?

Smoking

H15 | Are you currently smoking? Yes No

H16 | If yes, how many of the past 7 days did you smoke...from 0-7 days days
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. 15-item FFQ

You are doing a great job! Now, | am going to ask about your diet. For example, how often you
eat each food group.

I1. How often do you eat vegetables (fresh, frozen, or cooked)?
1) Twice a day or more often
2) Once a day
3) Afew times a week
4) Once a week or less

I2. How often do you eat fruit and/or berries (fresh, frozen, preserved, juice, etc.)?
1) Twice a day or more often
2) Once a day
3) Afew times a week
4) Once a week or less

I3. How often do you eat nuts (almonds, peanuts, hazelnuts, pistachio nuts, pine nuts,
walnuts, cashews)?
1) Twice a day or more often
2) Once a day
3) Afew times a week
4) Once a week or less

4. How often do you eat fish or shellfish?
1) Three times a week or more often
2) Twice a week
3) Once a week
4) A few times a month or less

I5. How often do you eat red meat (beef, pork, or game)?
1) Three times a week or more often
2) Twice a week
3) Once a week
4) A few times a month or less

16. How often do you eat white meat (poultry e.g. chicken)?
1) Three times a week or more
2) Twice a week
3) Once a week
4) A few times a month or less

I7. How often do you eat buns/cakes, chocolate/sweets, crisps, or sodal/juice?
1) Twice a day or more often
2) Once a day
3) Afew times a week
4) Once a week or less




I8. How often do you eat breakfast?
1) Every day
2) Almost every day
3) Afew times a week
4) Once a week or less

19. How many slices/pieces of bread do you eat per day in total?
1) I don't eat bread

Number of slices/pieces

110. What type(s) of bread do you eat?
1) White bread
2) Whole wheat bread (labeled as high-fiber, low fat, and low sugar)
3) Crispbread
4) Other, please specify

I11.How often do you drink/eat milk, sour milk, and/or yogurt?
1) Twice a day or more often
2) Once a day
3) Afew times a week
4) Once a week or less

112.What type of milk, sour milk, and/or yogurt do you usually drink/eat?
1) Whole / full fat (3%)
2) Semi-skimmed / reduced fat (1.5%)
3) Skimmed / low fat (0.5%) or non-fat (0.1%)

113. What kind of spread do you usually use on sandwiches?
Select gne option, the one you usually use.

1) Butter

2) Spread containing 75% fat

3) Margarine

4) Spread made with seed and plant oils containing 70% fat

5) Low-fat margarine containing 30-40% fat

6) Margarine with plant sterols

7) I don't use spread on sandwiches

8) ldon't know

114. What kind of fat do you usually use for cooking at home?
Select gne optjon - the one you usually use.

1) Butter

2) Margarine containing 60-80% fat

3) Cooking margarine

4) Margarine made with seed and plant oils

5) Liquid margarine

6) Vegetable oil, e.g. rapeseed oll, olive oil, corn oil, sunflower oil

7) Idon't use fat in cooking

8) Idon't know




115. Do you usually add salt to your food?
1) No
2) Yes, sometimes
3) Yes, often
4) Yes, | always add salt before | taste the food

116. Do you consciously avoid salty foods?
1) No
2) Yes

117. Have you followed any diet during the past year?
1) No
2) Yes

118. If yes, which one (s)?

All the time

In periods

Currently

LCHF (low carbohydrate, high fat) or The
Atkins Diet

The Gl diet

Weight Watchers

The Mediterranean Diet

Low-calorie meal replacement powders/bars

Other, state which one:

J. HELM KNOWLEDGE Scale

Mark your answers to the following questions.

True

False

Uncertain

J1. A blood pressure reading of 140 over 90 or higher is
considered high blood pressure.

J2. High blood pressure is especially dangerous because it
often has no warning signs or symptoms.

J3. High blood pressure can cause heart failure.

J4. Once high blood pressure develops, it usually lasts a
lifetime.

J5. High blood pressure can cause kidney disease.

J6. A person who has high blood pressure should eat more
fruits and vegetables.

J7. Exercise can lower a person’s blood pressure.

J8. Most of the salt Americans eat is added with a salt shaker.
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K. Newest Vital Sign

Now, | am going to show you an ice cream label. Please check this nutrition label and answer the
guestions. (Please give the nutrition label on the last page to a participant)

K1. If you eat the entire container, how many calories will you eat? Answer:

K2. If you are allowed to eat 60 grams of carbohydrates as a snack, how much ice cream could you
have? Answer:

K3. Your doctor advises you to reduce the amount of saturated fat in your diet. You usually have 42 g
of saturated fat each day, which includes one serving of ice cream. If you stop eating ice cream, how
many grams of saturated fat would you be consuming each day?

Answer:

K4. If you usually eat 2,500 calories in a day, what percentage of your daily value of calories will you
be eating if you eat one serving?  Answer:

K5. Pretend that you are allergic to the following substances: penicillin, peanuts, latex gloves, and
bee stings. Is it safe for you to eat this ice cream? Yes No

K6. (Ask only if the patient responds ‘no’ to question K5). Why not?
Answer:

L. GDS-5/15: Weeks et al. 2003

Over the last 2 weeks, how often have you been bothered by any of the following problems?

No Yes
L1. Are you satisfied with your life? 1 0
L2. Do you often get bored? 10 11
L3. Do you often feel helpless? 0 1
L4. Do you prefer to stay home rather than going out and doing new things? 10 L1
L5. Do you feel pretty worthless the way you are now? 0 1

Score GDS-5

A score of 2 or more on GDS-5? Please continue with the remaining 10 questions:
L6. Have you dropped many of your activities and interests? 10 L1
L7. Do you feel that your life is empty? L0 1
L8. Are you in good spirits most of the time? 1 10
L9. Are you afraid that something bad is going to happen to you? 10 11
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No Yes
L10. Do you feel happy most of the time? L1 L10
L11. Do you feel you have more problems with memory than most? 0 1
L12. Do you think it is wonderful to be alive now? 1 L10
L13. Do you feel full of energy? 1 0
L14. Do you feel your situation is hopeless? 10 L4
L15. Do you think that most people are better off than you are? 10 !

Score GDS-15 =

Now, we are almost getting there!

M. Plant-based diet questions

I will now ask you questions about plant-based diets. First, we will go over the

definition of a plant-based diet. There may be other definitions you may have heard of,

but please use the following definition to answer the questions.

Definition of a plant-based diet: An eating pattern dominated by fresh or minimally processed plant
foods and decreased consumption of meat, eggs, and dairy products. Compared to meat-centered
diets, it involves increased consumption of a variety of grains (including whole grains), fruits,
vegetables, legumes, nuts, and seeds. This does not necessarily mean a vegetarian diet (Lea, 2006).

M1. Which statement best describes your dietary practices:

1) No restrictions - eats meats, vegetables, fruits etc., except for food allergies (Omnivore)

2) Eats fish, but no other meats and eats all other foods, except for food allergies (Pescatarian)

3) Does not eat meat, but may eat dairy products and eggs (Vegetarian)
4) Does not eat meat, dairy, or eggs (Vegan)

5) Mostly eat plant-based, but occasionally consumes meat (Flexitarian)
6) Other

M2. Please indicate if you Agree, are Not sure, or Disagree with the following statements:

Agree

Not sure

Disagree

1. You cannot get enough protein on a plant-based diet.

2. Processed foods are avoided in a plant-based diet.

3. Dairy is encouraged in a plant-based diet.

4. Animal foods are limited from a plant-based diet.

5. Oil is encouraged in a plant-based diet.
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Agree | Not sure | Disagree

6. Complex carbohydrates are discouraged in a plant-based diet.

7. Nuts are high in protein.

8. Dark green leafy vegetables are high in iron.

9. Vitamin B12 is a nutrient that must be monitored closely in a plant-
based diet.

10. The best source of calcium is milk.

11. Omega-3 fatty acids cannot be obtained from plant-based foods.

12. A plant-based diet can prevent and treat many chronic diseases
such as hypertension, type 2 diabetes, and some cancer.

13. Animal proteins are the only quality protein sources.

14. A plant-based diet is a safe and health-promoting diet.

15. Fish is a necessary part of a healthful diet.

M3. Have you heard of a plant-based diet before today?
1) Yes 2) No

M4. Please answer the following questions:

Yes No | Maybe

Would you be willing to follow a plant-based diet (limited to no animal
products) for a week for health purposes?

Would you be willing to follow a plant-based diet (limited to no
animal products) for 3 weeks for health purposes?

Would you be willing to follow a plant-based diet (limited to no animal
products) for 6 months or longer for health purposes?

M5. Thinking about what might prevent you from switching to a plant-based diet,
please choose how much you agree or disagree with the following statements:

Strongly
agree

Strongly

Agree Neutral Disagree disagree

1. I don’t want to change my eating habit or routine.

2. | need more information about a plant-based diet.

3. Someone else decides on most of the food | eat.

4. | don’t want to eat strange or unusual foods.

5. There are not enough plant-based choices when
| eat out.

6. My family/partner won’t eat a plant-based diet.

7. 1 would get indigestion, bloating, gas or flatulence
from plant-based foods.

8. | think humans are meant to eat lots of meat.
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Strongly
agree

Agr

ee

Neutral

Disagree

Strongly
disagree

9. It would be too expensive to eat a plant-based
diet.

10. Eating meat is too enjoyable to limit for a plant-
based diet.

M6. Thinking about the benefits of a plant-based diet, please choose how much you agree

or disagree with the following statements:

Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

1. Eat more fiber

2. Decrease my saturated fat intake

3. Prevent disease in general (e.g. heart disease,
cancer)

4. Have lots of vitamins and minerals

5. Eat a more ‘natural’ diet

6. Stay healthy

7. Control my weight

8. Improve my digestion

9. Eat a greater variety of foods

10. Be fit

M7. Choose the statement that best fits your preference.

1) | am not thinking about eating a plant-based diet.

2) | am thinking about eating a more plant-based diet ... planning to start within 6 months.
3) | am definitely planning to eat a more plant-based diet in the next month.

4) | am trying to eat a more plant-based diet now.

5) | am already eating a plant-based diet. ( years

Participants should remove their shoes for height and weight measurements.

C15. Measured weight Ibs

C16. Measured height ft

inches or

cm

THE END - THANK YOU FOR YOUR PARTICIPATION!
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Nutrition Facts
Serving Size Y2 cup
Servings per container 4

Amount per serving
Calories 250 Fat Cal 120

%DV
Total Fat _13g 20%
Sat Fat 9g 40%
Cholesterol 28mg 12%
Sodium 55mg 2%
Total Carbohydrate 30g 12%
Dietary Fiber 2g
Sugars 23g
Protein 4g

*Percentage Daily Values (DV) are based on a
2,000 calorie diet. Your daily values may

be higher or lower depending on your

calorie needs.

Ingredients: Cream, Skim Milk, Liquid
Sugar, Water, Egg Yolks, Brown Sugar,
Milkfat, Peanut Oil, Sugar, Butter, Salt,
Carrageenan, Vanilla Extract.

15




Bibliography

. Martin S, Aday A, Allen N, et al. 2025 Heart Disease and Stroke Statistics: A Report of US and
Global Data From the American Heart Association. doi:10.1161/CIR.0000000000001303

. Benetos A, Petrovic M, Strandberg T. Hypertension Management in Older and Frail Older
Patients. Circ Res. 2019;124(7):1045-1060. doi:10.1161/CIRCRESAHA.118.313236

. National Council on Aging. Get the Facts on Healthy Aging. October 20, 2023. Accessed
November 19, 2023. https://www.ncoa.org/article/get-the-facts-on-healthy-aging

. Kulkarni A, Mehta A, Yang E, Parapid B. Older Adults and Hypertension: Beyond the 2017
Guideline for Prevention, Detection, Evaluation, and Management of High Blood Pressure in
Adults. American College of Cardiology. February 26, 2020. Accessed November 20, 2023.
https://www.acc.org/Latest-in-
Cardiology/Articles/2020/02/26/06/24/http%3a%2f%2fwww.acc.org%2fLatest-in-
Cardiology%2fArticles%2f2020%2f02%2f26%2f06%2f24%?2fOlder-Adults-and-Hypertension

. Fryar C, Kit B, Carroll M, Afful J. Products - Data Briefs - Number 511 -October 2024.
d0i:10.15620/cdc/164016

. Vespa J, Medina L, Armstrong DM. Population Estimates and Projections. Published online
February 2020.

. Shlisky J, Bloom DE, Beaudreault AR, et al. Nutritional Considerations for Healthy Aging and
Reduction in Age-Related Chronic Disease. Adv Nutr. 2017;8(1):17-26.
d0i:10.3945/an.116.013474

. National Council on Aging. Get the Facts on Healthy Aging. August 16, 2024. Accessed April
10, 2025. https://www.ncoa.org/article/get-the-facts-on-healthy-aging/

. Goodkind D, Rosenblum H. Sex Ratios Across the Life Course. Published online March 2023.
Accessed March 15, 2025. https://www.census.gov/content/dam/Census/programs-
surveys/international-programs/select-topics-in-international-population-health/sex-ratios-across-
the-life-
course.pdf#:~:text=After%20the%20age%200f%2040%200r%2050%2C,30%20men%20by %20t
he%20age%2001%20100.

Ansah JP, Chiu CT. Projecting the chronic disease burden among the adult population in
the United States using a multi-state population model. Front Public Health. 2023;10:1082183.
doi:10.3389/fpubh.2022.1082183

National Council on Aging. The Top 10 Most Common Chronic Diseases for Older

Adults. August 31, 2023. Accessed November 21, 2023. https://www.ncoa.org/article/the-top-
10-most-common-chronic-conditions-in-older-adults

151



12. Javed AA, Aljied R, Allison DJ, Anderson LN, Ma J, Raina P. Body mass index and all-
cause mortality in older adults: A scoping review of observational studies. Obes Rev Off J Int
Assoc Study Obes. 2020;21(8):e13035. doi:10.1111/0br.13035

13. Kiska¢ M, Soysal P, Smith L, Capar E, Zorlu M. What is the Optimal Body Mass Index
Range for Older Adults? Ann Geriatr Med Res. 2022;26(1):49-57. do0i:10.4235/agmr.22.0012

14, Oparil S, Acelajado MC, Bakris GL, et al. Hypertension. Nat Rev Dis Primer.
2018;4(1):18014. doi:10.1038/nrdp.2018.14

15. Chatzis DG, Magounaki K, Pantazopoulos I, Beltsios ET, Katsi V, Tsioufis KP. Current
Management of Hypertension in Older Adults. Drugs Aging. 2023;40(5):407-416.
d0i:10.1007/s40266-023-01013-9

16. Valenzuela PL, Carrera-Bastos P, Galvez BG, et al. Lifestyle interventions for the
prevention and treatment of hypertension. Nat Rev Cardiol. 2021;18(4):251-275.
d0i:10.1038/s41569-020-00437-9

17. Mancia G, Kreutz R, Brunstrém M, et al. 2023 ESH Guidelines for the management of
arterial hypertension The Task Force for the management of arterial hypertension of the
European Society of Hypertension: Endorsed by the International Society of Hypertension (ISH)
and the European Renal Association (ERA). J Hypertens. 2023;41(12):1874.
d0i:10.1097/HJH.0000000000003480

18. Kreutz R, Brunstrom M, Burnier M, et al. 2024 European Society of Hypertension
clinical practice guidelines for the management of arterial hypertension. Eur J Intern Med.
2024;126:1-15. doi:10.1016/j.ejim.2024.05.033

19. The SPRINT Research Group. A Randomized Trial of Intensive versus Standard Blood-
Pressure Control. N Engl J Med. 2015;373(22):2103-2116. doi:10.1056/NEJM0a1511939

20. Oliveros E, Patel H, Kyung S, et al. Hypertension in older adults: Assessment,
management, and challenges. Clin Cardiol. 2019;43(2):99-107. doi:10.1002/clc.23303

21. Flack JM, Adekola B. Blood pressure and the new ACC/AHA hypertension guidelines.
Trends Cardiovasc Med. 2020;30(3):160-164. doi:10.1016/j.tcm.2019.05.003

22, Yang Q, Chang A, Ritchey MD, Loustalot F. Antihypertensive Medication Adherence
and Risk of Cardiovascular Disease Among Older Adults: A Population-Based Cohort Study. J
Am Heart Assoc. 2017;6(6):e006056. doi:10.1161/JAHA.117.006056

23. Chiu N, Chiu L, Aggarwal R, Raber I, Bhatt DL, Mukamal KJ. Trends in Blood Pressure
Treatment Intensification in Older Adults With Hypertension in the United States, 2008 to 2018.
Hypertension. 2023;80(3):553-562. doi:10.1161/HYPERTENSIONAHA.122.19882

24, Fong JH. Disability incidence and functional decline among older adults with major
chronic diseases. BMC Geriatr. 2019;19(1):323. do0i:10.1186/s12877-019-1348-z

152



25. NCOA. Equity and the Costs of Chronic Disease: Who’s Impacted the Most?
@NCOAging. April 21, 2022. Accessed November 24, 2023. https://www.ncoa.org/article/the-
inequities-in-the-cost-of-chronic-disease-why-it-matters-for-older-adults

26. Maresova P, Javanmardi E, Barakovic S, et al. Consequences of chronic diseases and
other limitations associated with old age — a scoping review. BMC Public Health.
2019;19(1):1431. doi:10.1186/s12889-019-7762-5

27. Skinner HG, Coffey R, Jones J, Heslin KC, Moy E. The effects of multiple chronic
conditions on hospitalization costs and utilization for ambulatory care sensitive conditions in the
United States: a nationally representative cross-sectional study. BMC Health Serv Res.
2016;16:77. d0i:10.1186/512913-016-1304-y

28. Silberman S. Equity and the Costs of Chronic Disease: Who’s Impacted the Most? April
21, 2022. Accessed March 29, 2025. https://www.ncoa.org/article/the-inequities-in-the-cost-of-
chronic-disease-why-it-matters-for-older-adults/

29. Tavares JL, Cohen MA, Silberman S, Popham L. Measuring Disease Cost Burden
Among Older Adults in the US. Published online April 2022.

30. Fu J, Liu Y, Zhang L, et al. Nonpharmacologic Interventions for Reducing Blood
Pressure in Adults With Prehypertension to Established Hypertension. J Am Heart Assoc.
2020;9(19):e016804. d0i:10.1161/JAHA.120.016804

31. Li Y, Cao Y, Ding M, et al. Non-pharmacological interventions for older patients with
hypertension: A systematic review and network meta-analysis. Geriatr Nur (Lond). 2022;47:71-
80. doi:10.1016/j.gerinurse.2022.06.015

32. Challa HJ, Ameer MA, Uppaluri KR. DASH Diet To Stop Hypertension. In: StatPearls.
StatPearls Publishing; 2023. Accessed November 19, 2023.
http://www.ncbi.nlm.nih.gov/books/NBK482514/

33. Yannakoulia M, Mamalaki E, Anastasiou CA, Mourtzi N, Lambrinoudaki I, Scarmeas N.
Eating habits and behaviors of older people: Where are we now and where should we go?
Maturitas. 2018;114:14-21. doi:10.1016/j.maturitas.2018.05.001

34. Dorrington N, Fallaize R, Hobbs DA, Weech M, Lovegrove JA. A Review of Nutritional
Requirements of Adults Aged >65 Years in the UK. J Nutr. 2020;150(9):2245-2256.
doi:10.1093/jn/nxaal53

35. Vaudin AM, Moshfegh AJ, Sahyoun NR. Measuring Food Insecurity in Older Adults
Using Both Physical and Economic Food Access, NHANES 2013-18. J Nutr. 2022;152(8):1953-
1962. doi:10.1093/jn/nxac058

36. Reider CA, Chung RY, Devarshi PP, Grant RW, Hazels Mitmesser S. Inadequacy of
Immune Health Nutrients: Intakes in US Adults, the 2005-2016 NHANES. Nutrients.
2020;12(6):1735. doi:10.3390/nul12061735

153



37. USDA. USDA MyPlate Nutrition Information for Older Adults. Accessed November 28,
2023. https://www.myplate.gov/life-stages/older-adults

38. Jungert A, Neuhduser-Berthold M. Determinants of Vitamin B6 Status in Community-
Dwelling Older Adults: A Longitudinal Study Over a Period of 18 Years. J Gerontol Ser A.
2020;75(2):374-379. doi:10.1093/gerona/glz010

39. CDC. COVID-19 Risks and Information for Older Adults. Centers for Disease Control
and Prevention. February 22, 2023. Accessed December 3, 2023.
https://www.cdc.gov/aging/covid19/index.html

40. Traylor DA, Gorissen SHM, Phillips SM. Perspective: Protein Requirements and Optimal
Intakes in Aging: Are We Ready to Recommend More Than the Recommended Daily
Allowance? Adv Nutr. 2018;9(3):171-182. doi:10.1093/advances/nmy003

41. Maroto-Rodriguez J, Delgado-Velandia M, Ortola R, et al. Plant-based diets and risk of
frailty in community-dwelling older adults: the Seniors-ENRICA-1 cohort. GeroScience.
2022;45(1):221-232. doi:10.1007/s11357-022-00614-3

42. Fung TT, Struijk EA, Rodriguez-Artalejo F, Willett WC, Lopez-Garcia E. Fruit and
vegetable intake and risk of frailty in women 60 years old or older. Am J Clin Nutr.
2020;112(6):1540-1546. doi:10.1093/ajcn/nqaa256

43. Gorissen SHM, Witard OC. Characterising the muscle anabolic potential of dairy, meat
and plant-based protein sources in older adults. Proc Nutr Soc. 2018;77(1):20-31.
d0i:10.1017/S002966511700194 X

44, Gingrich A, Spiegel A, Gradl JE, et al. Daily and per-meal animal and plant protein
intake in relation to muscle mass in healthy older adults without functional limitations: an enable
study. Aging Clin Exp Res. 2019;31(9):1271-1281. doi:10.1007/s40520-018-1081-z

45, Landi F, Calvani R, Tosato M, et al. Animal-derived protein consumption is associated
with muscle mass and strength in community-dwellers: Results from the Milan Expo survey. J
Nutr Health Aging. 2017;21(9):1050-1056. doi:10.1007/s12603-017-0974-4

46. Lim MT, Pan BJ, Toh DWK, Sutanto CN, Kim JE. Animal Protein versus Plant Protein
in Supporting Lean Mass and Muscle Strength: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Nutrients. 2021;13(2):661. doi:10.3390/nu13020661

47, Ewy MW, Patel A, Abdelmagid MG, et al. Plant-Based Diet: Is It as Good as an Animal-
Based Diet When It Comes to Protein? Curr Nutr Rep. 2022;11(2):337-346. doi:10.1007/s13668-
022-00401-8

48. Berrazaga I, Micard V, Gueugneau M, Walrand S. The Role of the Anabolic Properties of
Plant- versus Animal-Based Protein Sources in Supporting Muscle Mass Maintenance: A Critical
Review. Nutrients. 2019;11(8):1825. doi:10.3390/nu11081825

154



49. Cuevas AG, Williams DR, Albert MA. Psychosocial factors and hypertension: A review
of the literature. Cardiol Clin. 2017;35(2):223-230. doi:10.1016/j.ccl.2016.12.004

50. LaMorte WW. The Health Belief Model. The Health Belief Model. November 3, 2022.
Accessed December 1, 2023. https://sphweb.bumc.bu.edu/otlt/mph-
modules/sb/behavioralchangetheories/behavioralchangetheories2.html

51. Zareban I, Araban M, Rohani MR, et al. High blood pressure self-care among
hypertensive patients in Iran: a theory-driven study. J Hum Hypertens. 2022;36(5):445-452.
doi:10.1038/s41371-020-00429-9

52. Nematzad P, Pourghane P, Besharati F, Gholami-Chaboki B. Effects of health belief
model in promoting self-care behaviors among hypertensive older adults. J Educ Health Promot.
2023;12:208. doi:10.4103/jehp.jehp_689 22

53. Suriyawong W, Kao TSA, Robbins LB, Ling J, Malete L. Psychosocial Determinants of
Recommended Lifestyle Behaviors among Hypertensive Patients: An Integrative Literature
Review. West J Nurs Res. 2023;45(5):455-468. doi:10.1177/01939459221144177

54, Pierobon A, Zanatta F, Granata N, et al. Psychosocial and behavioral correlates of self-
efficacy in treatment adherence in older patients with comorbid hypertension and type 2 diabetes.
Health Psychol Rep. Published online March 9, 2023. doi:10.5114/hpr/159284

55. Boima V, Tetteh J, Yorke E, et al. Older adults with hypertension have increased risk of
depression compared to their younger counterparts: Evidence from the World Health
Organization study of Global Ageing and Adult Health Wave 2 in Ghana. J Affect Disord.
2020;277:329-336. doi:10.1016/j.jad.2020.08.033

56. Drolet-Labelle V, Laurin D, Bédard A, Drapeau V, Desroches S. Beliefs underlying older
adults’ intention to consume plant-based protein foods: A qualitative study. Appetite.
2023;180:106346. doi:10.1016/j.appet.2022.106346

57. Jung SE, Shin YH, Cave L, Rockett J, Hermann J. Understanding Whole Grain
Consumption among Low-Income Older Adults Using the Theory of Planned Behavior. J Nutr
Gerontol Geriatr. 2022;41(1):46-64. doi:10.1080/21551197.2021.2024477

58. Kent G, Kehoe L, Flynn A, Walton J. Plant-based diets: a review of the definitions and
nutritional role in the adult diet. Proc Nutr Soc. 2022;81(1):62-74.
d0i:10.1017/S0029665121003839

59. Lea EJ, Crawford D, Worsley A. Public views of the benefits and barriers to the
consumption of a plant-based diet. Eur J Clin Nutr. 2006;60(7):828-837.
doi:10.1038/sj.ejcn.1602387

60. Satija A, Hu FB. Plant-based diets and cardiovascular health. Trends Cardiovasc Med.
2018;28(7):437-441. doi:10.1016/j.tcm.2018.02.004

155



61. Fontes T, Rodrigues LM, Ferreira-Pégo C. Comparison between Different Groups of
Vegetarianism and Its Associations with Body Composition: A Literature Review from 2015 to
2021. Nutrients. 2022;14(9):1853. doi:10.3390/nu14091853

62. Storz MA. What makes a plant-based diet? a review of current concepts and proposal for
a standardized plant-based dietary intervention checklist. Eur J Clin Nutr. 2022;76(6):789-800.
doi:10.1038/s41430-021-01023-z

63. Paslakis G, Richardson C, N6hre M, et al. Prevalence and psychopathology of
vegetarians and vegans — Results from a representative survey in Germany. Sci Rep.
2020;10(1):6840. doi:10.1038/s41598-020-63910-y

64. Ostfeld RJ. Definition of a plant-based diet and overview of this special issue. Published
online May 2017.

65. Esselstyn Jr CB. Prevent And Reverse Heart Disease: The Revolutionary, Scientifically
Proven, Nutrition-Based Cure. 1st edition. Avery; 2008.

66. Satija A, Bhupathiraju SN, Spiegelman D, et al. Healthful and Unhealthful Plant-Based
Diets and the Risk of Coronary Heart Disease in U.S. Adults. J Am Coll Cardiol.
2017;70(4):411-422. doi:10.1016/j.jacc.2017.05.047

67. Musicus AA, Wang DD, Janiszewski M, et al. Health and environmental impacts of
plant-rich dietary patterns: a US prospective cohort study. Lancet Planet Health.
2022;6(11):6892-900. doi:10.1016/S2542-5196(22)00243-1

68. Chiuve SE, Fung TT, Rimm EB, et al. Alternative Dietary Indices Both Strongly Predict
Risk of Chronic Disease. J Nutr. 2012;142(6):1009-1018. doi:10.3945/jn.111.157222

69. Steinberg D, Bennett GG, Svetkey L. The DASH Diet, 20 Years Later. JAMA.
2017;317(15):1529. doi:10.1001/jama.2017.1628

70. Mayo Clinic. How to make the DASH diet work for you. Mayo Clinic. May 25, 2023.
Accessed December 6, 2023. https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-
eating/in-depth/dash-diet/art-20048456

71. Rimer B, Glanz K. Theory at a Glance: A Guide for Health Promotion Practice.
Bethesda, MD: U.S. Department of Health and Human Services, National Institutes of Health,
National Cancer Institute; 2005. Accessed December 22, 2024.
https://cancercontrol.cancer.gov/sites/default/files/2020-06/theory.pdf

72. Beyera GK, O’Brien J, Campbell S. Choosing a health behaviour theory or model for
related research projects: a narrative review. J Res Nurs. 2022;27(5):436-446.
doi:10.1177/17449871211051566

73. Nancy Janz, Becker M. The Health Belief Model: A Decade Later. Sage Publ.
1987;11(1):1-47. doi:10.1177/109019818401100101

156



74. Carpenter CJ. A Meta-Analysis of the Effectiveness of Health Belief Model Variables in
Predicting Behavior. Health Commun. 2010;25(8):661-669. doi:10.1080/10410236.2010.521906

75. Lehmann J, Tribner M, Patzina A, Jeitler M, Hoffmann R, Kessler CS. The willingness
to transition to a more plant-based diet among omnivores: Determinants and socioeconomic
differences. Appetite. 2025;206:107765. doi:10.1016/j.appet.2024.107765

76. Warren-Findlow DJ, Seymour DRB. Prevalence Rates of Hypertension Self-care
Activities Among African Americans. J Natl Med Assoc. 2011;103(6):503. doi:10.1016/s0027-
9684(15)30365-5

77. Pohjolainen P, Vinnari M, Jokinen P. Consumers’ perceived barriers to following a plant-
based diet. Br Food J. 2015;117(3):1150-1167. doi:10.1108/BFJ-09-2013-0252

78. Fehér A, Gazdecki M, Véha M, Szakaly M, Szakaly Z. A Comprehensive Review of the
Benefits of and the Barriers to the Switch to a Plant-Based Diet. Sustainability.
2020;12(10):4136. d0i:10.3390/s5u12104136

79. Viroli G, Kalmpourtzidou A, Cena H. Exploring Benefits and Barriers of Plant-Based
Diets: Health, Environmental Impact, Food Accessibility and Acceptability. Nutrients.
2023;15(22):4723. d0i:10.3390/nu15224723

80. Lea EJ, Crawford D, Worsley A. Consumers’ readiness to eat a plant-based diet. Eur J
Clin Nutr. 2006;60(3):342-351. doi:10.1038/sj.ejcn.1602320

81. Culliford A, Bradbury J. A cross-sectional survey of the readiness of consumers to adopt
an environmentally sustainable diet. Nutr J. 2020;19(1):138. doi:10.1186/512937-020-00644-7

82. Reuzé A, Méjean C, Sirieix L, et al. Stages of Change toward Meat Reduction:
Associations with Motives and Longitudinal Dietary Data on Animal-Based and Plant-Based
Food Intakes in French Adults. J Nutr. 2023;153(11):3295-3307. doi:10.1016/j.tjnut.2023.09.017

83. Townsend MS, Kaiser LL. Development of a Tool to Assess Psychosocial Indicators of
Fruit and Vegetable Intake for 2 Federal Programs. J Nutr Educ Behav. 2005;37(4):170-184.
d0i:10.1016/S1499-4046(06)60243-1

84. Krause AJ, Kim A Williams S. Understanding and Adopting Plant-Based Nutrition: A
Survey of Medical Providers. Am J Lifestyle Med. 2017;13(3):312.
d0i:10.1177/1559827617703592

85. Rothenberg E, Strandhagen E, Samuelsson J, et al. Relative Validity of a Short 15-1tem
Food Frequency Questionnaire Measuring Dietary Quality, by the Diet History Method.
Nutrients. 2021;13(11):3754. d0i:10.3390/nu13113754

86. Nordic Ministry Council. Nordic Nutrition Recommendations 2023. Helsedirektoratet.

June 2023. Accessed December 6, 2023. https://www.helsedirektoratet.no/english/nordic-
nutrition-recommendations-2022

157



87. Krznarié¢ Z, Karas I, Ljubas Keleci¢ D, Vranesi¢ Bender D. The Mediterranean and
Nordic Diet: A Review of Differences and Similarities of Two Sustainable, Health-Promoting
Dietary Patterns. Front Nutr. 2021;8:683678. doi:10.3389/fnut.2021.683678

88. Persson CE, Rothenberg E, Hansson PO, Welin C, Strandhagen E. Cardiovascular risk
factors in relation to dietary patterns in 50-year-old men and women: a feasibility study of a short
FFQ. Public Health Nutr. 2018;22(4):645-653. d0i:10.1017/S1368980018002264

89. Rolstad S, Adler J, Rydén A. Response Burden and Questionnaire Length: Is Shorter
Better? A Review and Meta-analysis. Value Health. 2011;14(8):1101-1108.
doi:10.1016/j.jval.2011.06.003

90. Abay KA, Berhane G, Hoddinott J, Tafere K. Respondent Fatigue Reduces Dietary
Diversity Scores Reported from Mobile Phone Surveys in Ethiopia during the COVID-19
Pandemic. J Nutr. 2022;152(10):2269-2276. doi:10.1093/jn/nxac153

91. Cheng Z, Shuai P, Qiao Q, Li T. Validity and reliability of a simplified food frequency
questionnaire: a cross sectional study among physical health examination adults in southwest
region of China. Nutr J. 2020;19(1):114. doi:10.1186/s12937-020-00630-z

92. Miller PE, Cross AJ, Subar AF, et al. Comparison of 4 established DASH diet indexes:
examining associations of index scores and colorectal cancer123. Am J Clin Nutr.
2013;98(3):794-803. d0i:10.3945/ajcn.113.063602

93. Allés B, Baudry J, Méjean C, et al. Comparison of Sociodemographic and Nutritional
Characteristics between Self-Reported Vegetarians, Vegans, and Meat-Eaters from the NutriNet-
Santé Study. Nutrients. 2017;9(9):1023. d0i:10.3390/nu9091023

94, Cramer H, Kessler CS, Sundberg T, et al. Characteristics of Americans Choosing
Vegetarian and Vegan Diets for Health Reasons. J Nutr Educ Behav. 2017;49(7):561-567.el.
doi:10.1016/j.jneb.2017.04.011

95. Modlinska K, Adamczyk D, Maison D, Pisula W. Gender Differences in Attitudes to
Vegans/Vegetarians and Their Food Preferences, and Their Implications for Promoting
Sustainable Dietary Patterns—A Systematic Review. Sustainability. 2020;12(16):6292.
d0i:10.3390/5u12166292

96. Gonzalgo MR, Nackeeran S, Mouzannar A, Blachman-Braun R. Socioeconomic
differences associated with consumption of a plant-based diet: Results from the national health
and nutrition examination survey. Nutr Health. Published online June 22,
2022:026010602211096. doi:10.1177/02601060221109669

97. Klink U, Mata J, Frank R, Schiiz B. Socioeconomic differences in animal food

consumption: Education rather than income makes a difference. Front Nutr. 2022;9. Accessed
December 6, 2023. https://www.frontiersin.org/articles/10.3389/fnut.2022.993379

158



98. Rosenfeld DL, Brannon TN, Tomiyama AJ. Racialized Perceptions of Vegetarianism:
Stereotypical Associations That Undermine Inclusion in Eating Behaviors. Pers Soc Psychol
Bull. 2023;49(11):1601-1614. doi:10.1177/01461672221099392

99. Conrad Z, Drewnowski A, Belury MA, Love DC. Greenhouse gas emissions, cost, and
diet quality of specific diet patterns in the United States. Am J Clin Nutr. 2023;117(6):1186-
1194. doi:10.1016/j.ajcnut.2023.04.018

100. Mendoza-Vasconez AS, Landry MJ, Crimarco A, Bladier C, Gardner CD. Sustainable
Diets for Cardiovascular Disease Prevention and Management. Curr Atheroscler Rep.
2021;23(7):31. doi:10.1007/s11883-021-00929-0

101. Willits-Smith A, Aranda R, Heller MC, Rose D. Addressing the carbon footprint,
healthfulness, and costs of self-selected diets in the USA: a population-based cross-sectional
study. Lancet Planet Health. 2020;4(3):e98-e106. doi:10.1016/52542-5196(20)30055-3

102. Landry MJ, Ward CP. Health Benefits of a Plant-Based Dietary Pattern and
Implementation in Healthcare and Clinical Practice. Am J Lifestyle Med. 2024;18(5):657-665.
doi:10.1177/15598276241237766

103. Scarborough P, Clark M, Cobiac L, et al. Vegans, vegetarians, fish-eaters and meat-eaters
in the UK show discrepant environmental impacts. Nat Food. 2023;4(7):565-574.
d0i:10.1038/543016-023-00795-w

104. Key TJ, Papier K, Tong TY. Plant-based diets and long-term health: findings from the
EPI1C-Oxford study. Proc Nutr Soc. 2021;81(2):190. doi:10.1017/S0029665121003748

105. Williams KA, Patel H. Healthy Plant-Based Diet. J Am Coll Cardiol. 2017;70(4):423-
425. doi:10.1016/j.jacc.2017.06.006

106. Kim H, Caulfield LE, Garcia-Larsen V, Steffen LM, Coresh J, Rebholz CM. Plant-Based
Diets Are Associated With a Lower Risk of Incident Cardiovascular Disease, Cardiovascular
Disease Mortality, and All-Cause Mortality in a General Population of Middle-Aged Adults. J
Am Heart Assoc. 2019;8(16):e012865. doi:10.1161/JAHA.119.012865

107. Hemler EC, Hu FB. Plant-Based Diets for Cardiovascular Disease Prevention: All Plant
Foods Are Not Created Equal. Curr Atheroscler Rep. 2019;21(5):18. doi:10.1007/s11883-019-
0779-5

108. Qian F, Liu G, Hu FB, Bhupathiraju SN, Sun Q. Association Between Plant-Based
Dietary Patterns and Risk of Type 2 Diabetes: A Systematic Review and Meta-analysis. JAMA
Intern Med. 2019;179(10):1335-1344. doi:10.1001/jamainternmed.2019.2195

109. Towery P, Guffey JS, Doerflein C, Stroup K, Saucedo S, Taylor J. Chronic
musculoskeletal pain and function improve with a plant-based diet. Complement Ther Med.
2018;40:64-69. doi:10.1016/j.ctim.2018.08.001

159



110. Carrero JJ, Gonzalez-Ortiz A, Avesani CM, et al. Plant-based diets to manage the risks
and complications of chronic kidney disease. Nat Rev Nephrol. 2020;16(9):525-542.
doi:10.1038/s41581-020-0297-2

111. Rajaram S, Jones J, Lee GJ. Plant-Based Dietary Patterns, Plant Foods, and Age-Related
Cognitive Decline. Adv Nutr. 2019;10:5422-S436. doi:10.1093/advances/nmz081

112. Thompson AS, Tresserra-Rimbau A, Karavasiloglou N, et al. Association of Healthful
Plant-based Diet Adherence With Risk of Mortality and Major Chronic Diseases Among Adults
in the UK. JAMA Netw Open. 2023;6(3):e234714. doi:10.1001/jamanetworkopen.2023.4714

113. Romanos-Nanclares A, Willett WC, Rosner BA, et al. Healthful and unhealthful plant-
based diets and risk of breast cancer in U.S. women: results from the Nurses’ Health Studies.
Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer Res Cosponsored Am Soc Prev Oncol.
2021;30(10):1921. d0i:10.1158/1055-9965.EPI1-21-0352

114, Song HJ, Rosenstein R, Bush C, et al. Examining the Effect of a DASH-Plus Intervention
on Blood Pressure and Self-Care in Older Adults With Extension System Support. J Nutr Educ
Behav. 2024;56(8):S92-S93. doi:10.1016/j.jneb.2024.05.207

115. Stalling I, Albrecht BM, Foettinger L, Recke C, Bammann K. Meal Patterns of Older
Adults: Results from the OUTDOOR ACTIVE Study. Nutrients. 2022;14(14):2784.
d0i:10.3390/nu14142784

116. Ballon A, Neuenschwander M, Schlesinger S. Breakfast Skipping Is Associated with
Increased Risk of Type 2 Diabetes among Adults: A Systematic Review and Meta-Analysis of
Prospective Cohort Studies. J Nutr. 2019;149(1):106-113. doi:10.1093/jn/nxy194

117. Mekary RA, Giovannucci E, Cahill L, Willett WC, van Dam RM, Hu FB. Eating patterns
and type 2 diabetes risk in older women: breakfast consumption and eating frequency123. Am J
Clin Nutr. 2013;98(2):436-443. d0i:10.3945/ajcn.112.057521

118. Smith KJ, Gall SL, McNaughton SA, Blizzard L, Dwyer T, Venn AJ. Skipping breakfast:
longitudinal associations with cardiometabolic risk factors in the Childhood Determinants of
Adult Health Study123. Am J Clin Nutr. 2010;92(6):1316-1325. d0i:10.3945/ajcn.2010.30101

119. Grillo A, Salvi L, Coruzzi P, Salvi P, Parati G. Sodium Intake and Hypertension.
Nutrients. 2019;11(9):1970. doi:10.3390/nu11091970

120. Sacks FM, Svetkey LP, Vollmer WM, et al. Effects on Blood Pressure of Reduced
Dietary Sodium and the Dietary Approaches to Stop Hypertension (DASH) Diet. N Engl J Med.
2001;344(1):3-10. doi:10.1056/NEJM200101043440101

121. Warren-Findlow J, Basalik DW, Dulin M, Tapp H, Kuhn L. Preliminary validation of the
Hypertension Self-Care Activity Level Effects (H-SCALE) and clinical blood pressure among
patients with hypertension. J Clin Hypertens Greenwich Conn. 2013;15(9):637-643.
doi:10.1111/jch.12157

160



122. Sutherland C, Hare D, Johnson PJ, Linden DW, Montgomery RA, Droge E. Practical
advice on variable selection and reporting using Akaike information criterion. Proc R Soc B Biol
Sci. 2023;290(2007):20231261. doi:10.1098/rsph.2023.1261

123. Berchtold A. Sequence Analysis and Transition Models. In: Breed MD, Moore J, eds.
Encyclopedia of Animal Behavior. Academic Press; 2010:139-145. doi:10.1016/B978-0-08-
045337-8.00233-3

124, Vrieze Sl. Model selection and psychological theory: A discussion of the differences
between the Akaike Information Criterion (AIC) and the Bayesian Information Criterion (BIC).
Psychol Methods. 2012;17(2):228. doi:10.1037/a0027127

125. Dang M, Chen Y, Ji JS, Zhang Y, Chen C, Zhang Z. The association between household
and family composition and mental health of the elderly: mediating role of lifestyle. BMC Public
Health. 2024;24(1):2055. doi:10.1186/s12889-024-19516-4

126. Whitelock E, Ensaff H. On Your Own: Older Adults’ Food Choice and Dietary Habits.
Nutrients. 2018;10(4):413. doi:10.3390/nu10040413

127. Hanna KL, Collins PF. Relationship between living alone and food and nutrient intake.
Nutr Rev. 2015;73(9):594-611. doi:10.1093/nutrit/nuv024

128. Davis MA, Murphy SP, Neuhaus JM, Gee L, Quiroga SS. Living Arrangements Affect
Dietary Quality for U.S. Adults Aged 50 Years and Older: NHANES I11 1988-1994. J Nutr.
2000;130(9):2256-2264. doi:10.1093/jn/130.9.2256

129. Davis MA, Randall E, Forthofer RN, Lee ES, Margen S. Living Arrangements and
Dietary Patterns of Older Adults in the United States1. J Gerontol. 1985;40(4):434-442.
doi:10.1093/geronj/40.4.434

130. Jeong S, Cho S il. Effects of living alone versus with others and of housemate type on
smoking, drinking, dietary habits, and physical activity among elderly people. Epidemiol Health.
2017;39:€2017034. d0i:10.4178/epih.e2017034

131. Victor C, Scambler S, Bond J, Bowling A. Being alone in later life: loneliness, social
isolation and living alone. Rev Clin Gerontol. 2000;10(4):407-417.
doi:10.1017/S0959259800104101

132. Cacioppo S, Capitanio JP, Cacioppo JT. Toward a Neurology of Loneliness. Psychol
Bull. 2014;140(6):1464. doi:10.1037/a0037618

133. Ramic E, Pranjic N, Batic-Mujanovic O, Karic E, Alibasic E, Alic A. The Effect of
Loneliness on Malnutrition in Elderly Population. Med Arch. 2011;65(2):92.

134. Gibbs J, Gaskin E, Ji C, Miller MA, Cappuccio FP. The effect of plant-based dietary
patterns on blood pressure: a systematic review and meta-analysis of controlled intervention
trials. J Hypertens. 2021;39(1):23-37. doi:10.1097/HJH.0000000000002604

161



135. Tomé-Carneiro J, Visioli F. Plant-Based Diets Reduce Blood Pressure: A Systematic
Review of Recent Evidence. Curr Hypertens Rep. 2023;25(7):127. doi:10.1007/s11906-023-
01243-7

136. Alexander S, Ostfeld RJ, Allen K, Williams KA. A plant-based diet and hypertension. J
Geriatr Cardiol JGC. 2017;14(5):327. d0i:10.11909/j.issn.1671-5411.2017.05.014

137. Joshi S, Ettinger L, Liebman SE. Plant-Based Diets and Hypertension. Am J Lifestyle
Med. 2019;14(4):397. d0i:10.1177/1559827619875411

138. Landry MJ, Senkus KE, Mangels AR, et al. Vegetarian dietary patterns and
cardiovascular risk factors and disease prevention: An umbrella review of systematic reviews.
Am J Prev Cardiol. 2024;20:100868. doi:10.1016/j.ajpc.2024.100868

139. Wang MC, Petito LC, Pool LR, etal. The 2017 ACC/AHA Hypertension Guideline and
Blood Pressure in Older Adults. Am J Prev Med. 2023;65(4):640-648.
doi:10.1016/j.amepre.2023.04.011

140. Wang Y, Liu B, Han H, et al. Associations between plant-based dietary patterns and risks
of type 2 diabetes, cardiovascular disease, cancer, and mortality — a systematic review and meta-
analysis. Nutr J. 2023;22(1):46. doi:10.1186/s12937-023-00877-2

141. Why black Americans are more likely to be vegan.https://www.bbc.com/news/world-us-
canada-53787329. September 10, 2020. Accessed November 23, 2024.

142. Arlinghaus KR, Johnston CA. Advocating for Behavior Change With Education. Am J
Lifestyle Med. 2017;12(2):113-116. doi:10.1177/1559827617745479

143. Tapsell LC. Dietary behaviour changes to improve nutritional quality and health
outcomes. Chronic Dis Transl Med. 2017;3(3):154-158. doi:10.1016/j.cdtm.2017.06.005

144, Consavage Stanley K, Hedrick VE, Serrano E, Holz A, Kraak VI. US Adults’
Perceptions, Beliefs, and Behaviors towards Plant-Rich Dietary Patterns and Practices:
International Food Information Council Food and Health Survey Insights, 2012—-2022. Nutrients.
2023;15(23):4990. d0i:10.3390/nu15234990

145. Farhadnejad H, Darand M, Teymoori F, Asghari G, Mirmiran P, Azizi F. The association
of Dietary Approach to Stop Hypertension (DASH) diet with metabolic healthy and metabolic
unhealthy obesity phenotypes. Sci Rep. 2019;9(1):18690. doi:10.1038/s41598-019-55285-6

146. Suri S, Kumar V, Kumar S, et al. DASH Dietary Pattern: A Treatment for Non-
communicable Diseases. Curr Hypertens Rev. 2020;16(2):108-114.
d0i:10.2174/1573402115666191007144608

147. Perez-Cueto FJA, Rini L, Faber I, et al. How barriers towards plant-based food

consumption differ according to dietary lifestyle: Findings from a consumer survey in 10 EU
countries. Int J Gastron Food Sci. 2022;29:100587. doi:10.1016/j.ijgfs.2022.100587

162



148. Blake CE, Frongillo EA, Warren AM, Constantinides SV, Rampalli KK, Bhandari S.
Elaborating the science of food choice for rapidly changing food systems in low-and middle-
income countries. Glob Food Secur. 2021;28:100503. doi:10.1016/j.gfs.2021.100503

149. Prochaska JO, Velicer WF, Rossi JS, et al. Stages of change and decisional balance for
12 problem behaviors. Health Psychol. 1994;13(1):39-46. doi:10.1037/0278-6133.13.1.39

150. Kroll C, Keller R, Scholz U, Perren S. Evaluating the decisional balance construct of the
Transtheoretical Model: are two dimensions of pros and cons really enough? Int J Public Health.
2011;56(1):97-105. doi:10.1007/s00038-010-0175-y

151. Spencer L, Wharton C, Moyle S, Adams T. The transtheoretical model as applied to
dietary behaviour and outcomes. Nutr Res Rev. 2007;20(1):46-73.
d0i:10.1017/S0954422407747881

152. Leiserowitz, A., Ballew, M., Rosenthal S., Semaan, J. Climate Change and the American
Diet. Yale University and Earth Day Network; 2020. Accessed January 20, 2025. https://live-
yccc.pantheonsite.io/publications/climate-change-and-the-american-diet/

153. Wijesuriya R, Moreno-Betancur M, Carlin JB, Lee KJ. Evaluation of approaches for
multiple imputation of three-level data. BMC Med Res Methodol. 2020;20(1):207.
d0i:10.1186/s12874-020-01079-8

154, Austin PC, White IR, Lee DS, van Buuren S. Missing Data in Clinical Research: A
Tutorial on Multiple Imputation. Can J Cardiol. 2021;37(9):1322-1331.
doi:10.1016/j.cjca.2020.11.010

155. Rickerby A, Green R. Barriers to Adopting a Plant-Based Diet in High-Income
Countries: A Systematic Review. Nutrients. 2024;16(6):823. doi:10.3390/nu16060823

156. Graca J, Calheiros MM, Oliveira A. Attached to meat? (Un)Willingness and intentions to
adopt a more plant-based diet. Appetite. 2015;95:113-125. doi:10.1016/j.appet.2015.06.024

157. Etter JF. Theoretical Tools for the Industrial Era in Smoking Cessation Counselling: A
Comment on West (2005). Addiction. 2005;100(8):1041-1042. doi:10.1111/}.1360-
0443.2005.01169.x

158. Diclemente CC. A Premature Obituary for the Transtheoretical Model: A Response To.
Addiction. 2005;100(8):1046-1048. do0i:10.1111/j.1360-0443.2005.01138.x

159. Nor NM, Sidek S, Saad N, Jaafar NH, Shukri NAM. Adhering to lifestyle change
recommendations via the trans-theoretical model: a mixed-methods study among type 2 diabetes
patients. Nutr Amp Food Sci. 2020;51(2):362-374. doi:10.1108/NFS-02-2020-0043

160. Guo J, Huang X, Dou L, et al. Aging and aging-related diseases: from molecular

mechanisms to interventions and treatments. Signal Transduct Target Ther. 2022;7(1):1-40.
d0i:10.1038/s41392-022-01251-0

163



161. Sullivan VK, Martinez-Steele E, Garcia-Larsen V, Rebholz CM. Trends in Plant-Based
Diets among United States Adults, 1999—March 2020. J Nutr. 2024;154(12):3575-3584.
doi:10.1016/j.tjnut.2024.08.004

162. Vadiveloo MK, Gardner CD. High Ultra-Processed Food (UPF) Intake and Low Dietary
Quality Are Not Synonymous - A Case for Limiting Most but Not All UPFs in Plant-Based
Diets. J Nutr. 2024;154(12):3503-3504. doi:10.1016/j.tjnut.2024.10.034

163. Lane MM, Gamage E, Du S, et al. Ultra-processed food exposure and adverse health
outcomes: umbrella review of epidemiological meta-analyses. BMJ. 2024;384:e077310.
d0i:10.1136/bmj-2023-077310

164. Elizabeth L, Machado P, Zindcker M, Baker P, Lawrence M. Ultra-Processed Foods and
Health Outcomes: A Narrative Review. Nutrients. 2020;12(7):1955. doi:10.3390/nu12071955

165. Grasso AC, Hung Y, Olthof MR, Brouwer IA, Verbeke W. Understanding meat
consumption in later life: A segmentation of older consumers in the EU. Food Qual Prefer.
2021;93:104242. doi:10.1016/j.foodqual.2021.104242

166. Stephenson J. White House Releases Strategy to Address Hunger, Nutrition, and Health
in the US. JAMA Health Forum. 2022;3(10):e224293. doi:10.1001/jamahealthforum.2022.4293

167. Gardner CD, Vadiveloo MK, Petersen KS, et al. Popular Dietary Patterns: Alignment
With American Heart Association 2021 Dietary Guidance: A Scientific Statement From the
American Heart Association. Circulation. 2023;147(22):1715-1730.
doi:10.1161/CIR.0000000000001146

168. Raj S, Guest NS, Landry MJ, Mangels AR, Pawlak R, Rozga M. Vegetarian Dietary
Patterns for Adults: A Position Paper of the Academy of Nutrition and Dietetics. J Acad Nutr
Diet. 2025;0(0). doi:10.1016/j.jand.2025.02.002

169. Nicklett EJ, Kadell AR. Fruit and vegetable intake among older adults: a scoping review.
Maturitas. 2013;75(4):305-312. doi:10.1016/j.maturitas.2013.05.005

170. Micha R, Pefialvo JL, Cudhea F, Imamura F, Rehm CD, Mozaffarian D. Association
Between Dietary Factors and Mortality From Heart Disease, Stroke, and Type 2 Diabetes in the
United States. JAMA. 2017;317(9):912-924. d0i:10.1001/jama.2017.0947

171. Borkent JW, Grootswagers P, Linschooten J, Roodenburg AJC, Ocké M, de van der
Schueren MAE. A vegan dietary pattern is associated with high prevalence of inadequate protein
intake in older adults; a simulation study. J Nutr Health Aging. 2024;28(10):100361.
d0i:10.1016/j.jnha.2024.100361

172. Domic¢ J, Grootswagers P, van Loon LJC, de Groot LCPGM. Perspective: Vegan Diets

for Older Adults? A Perspective On the Potential Impact On Muscle Mass and Strength. Adv
Nutr. 2022;13(3):712-725. doi:10.1093/advances/nmac009

164



173. Willett W, Rockstrom J, Loken B, et al. Food in the Anthropocene: the EAT—Lancet
Commission on healthy diets from sustainable food systems. The Lancet. 2019;393(10170):447-
492. doi:10.1016/S0140-6736(18)31788-4

174, Tan FES, Jolani S, Verbeek H. Guidelines for multiple imputations in repeated
measurements with time-dependent covariates: a case study. J Clin Epidemiol. 2018;102:107-
114. doi:10.1016/j.jclinepi.2018.06.006

175. Hu Y, Xiao J, Li X. The impact of living arrangements on dietary patterns among older
adults: the mediating effects of loneliness and anxiety. Front Public Health. 2025;13.
doi:10.3389/fpubh.2025.1519564

176. Liu C, YiF, Xu Z, Tian X. Do living arrangements matter?—Evidence from eating

behaviors of the elderly in rural China. J Econ Ageing. 2021;19:100307.
doi:10.1016/j.je0a.2021.100307

165



	Dedication
	Acknowledgements
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations
	Chapter 1: Introduction
	1.1 Problem statement and rationale
	1.2 Research objectives
	Aim 1.
	Aim 2.
	Aim 3.

	1.3 Project overview

	Chapter 2: Literature review
	2.1 Shifts in population demographics
	2.2 Overview of noncommunicable, chronic diseases in older adults
	2.2.1 Chronic conditions in older adults
	2.2.2 Hypertension in older adults
	2.2.3 Social and economic considerations

	2.3 Non-pharmacological approaches/ lifestyle interventions to address HTN in older adults
	2.3.1 Overview of different types of non-pharmacological approaches
	2.3.2 Dietary interventions
	2.3.3 Stress management interventions
	2.3.4 Approaches regarding circadian rhythm and sleep
	Lastly, circadian rhythm has been found to be relevant to cardiovascular health. Blood pressure, cardiac output, and heart rate seem to have a marked circadian pattern and a disruption to this rhythm, especially for BP, has been associated with an inc...
	It should be mentioned, however, that some of these types of non-pharmacological interventions may not be appropriate for hypertensive individuals ≥80 years old. For example, weight reduction in this age group easily leads to sarcopenia, unwanted mus...

	2.4 Nutritional considerations for older adults
	2.4.1 General considerations for nutrition in older adulthood
	2.4.2 Micronutrients
	2.4.3 Macronutrient: Addressing protein concerns in older adults
	2.4.4 Additional considerations

	2.5 Psychosocial aspects related to PBD in older adults with hypertension/ chronic diseases
	2.5.1 The health belief model for behavior change
	2.5.2 Self-efficacy
	2.5.3 Effects of social environments
	2.5.4 Theory of planned behavior

	2.6 Plant-based Diets: Definition and Types
	Table 2.1. Definitions of plant-based diets

	2.7 PBD indices
	2.8 DASH diet
	Table 2.2 Components of the DASH diet


	Chapter 3: Methods
	3.1 Conceptual framework
	3.2 Study overview
	3.2.1 Study Design and Setting
	3.2.2 Recruitment, screening and enrollment
	3.2.3 Subjects

	3.3 Intervention
	3.4 Control Sites
	Table 3.2 Summary of Wellness-Plus Modules

	3.5 Data collection
	3.5.1 Baseline data collection
	3.5.2 Blood pressure measurements
	3.5.3 Hypertensive self-care
	3.5.4 Psychosocial factors
	3.5.5 Food Frequency Questionnaire (FFQ)
	Table 3.3 Summary of sections included in each questionnaire


	3.6 Evaluation and Analysis
	3.6.1 Statistical analysis overview
	3.6.2 Analysis of Aim 1
	3.6.3 Analysis of Aim 2
	3.6.4 Analysis of Aim 3


	Chapter 4: Examining plant-based dietary adoption among hypertensive older adults: characterizing psychosocial factors
	4.1 ABSTRACT
	4.2 Introduction
	4.3 Methods
	4.3.1 Study Design and Setting
	4.3.2 Sampling
	4.3.3 Measures
	4.3.4 Statistical Analysis

	4.4 Results
	4.4.1 Socio-demographic characteristics of participants
	Table 4.1. Baseline demographics (n =212)

	4.4.2 Knowledge, perceived barriers, benefits, and readiness related to PBD consumption
	Table 4.2 Mean scores of psychosocial factors and knowledge related to PBD

	4.4.3 Predictors of plant-based dietary patterns in hypertensive, older adults
	Table 4.3 Predictors of plant-based dietary patterns in hypertensive, older adults

	4.4.4 Ordinal logistic regression models
	Table 4.4 Model Comparison
	Table 4.5 Goodness of fit test for ordinal logistic models
	Table 4.6 Model Summary


	4.5 Discussion
	4.6 Implications for Research and Practice

	Chapter 5:  Assessing changes in readiness to consume a plant-based diet and its key determinants: findings from the DASH-Plus study
	5.1 ABSTRACT
	5.2 Introduction
	5.3 Methods
	5.3.1 Study Design and Setting
	5.3.2 Sampling
	5.3.3 Measures
	5.3.4 Statistical Analysis

	5.4 Results
	5.4.1 Socio-demographic characteristics of participants
	Table 5.1 Sociodemographic characteristics of study participants (n =212)

	5.4.2 Correlations among perceived barriers, perceived benefits, and readiness to consume a PBD
	Table 5.2 Changes in readiness, perceived barriers and benefits and Spearman’s rank correlations

	5.4.3 Key determinants affecting readiness to consume a PBD
	Table 5.3 Predictors of readiness to consume a PBD in hypertensive, older adults

	5.4.4 Changes in Readiness to consume a PBD at baseline, 9 and 24 weeks
	Table 5.4 Pairwise contrasts among time points for intervention and control groups

	5.4.5 Cumulative link mixed models (CLMMs)
	Table 5.5 Model Summary


	5.5 Discussion
	5.6 Conclusion and future implications

	Chapter 6:  Effect of the DASH-Plus program: dietary modifications in hypertensive older adults towards a plant-based dietary pattern
	6.1 ABSTRACT
	6.2 Introduction
	6.3 Methods
	6.3.1 Study Design and Setting
	6.3.2 Sampling
	6.3.3 Measures
	6.3.4 Statistical Analysis

	6.4 Results
	6.4.1 Socio-demographic characteristics of participants
	Table 6.1 Sociodemographic characteristics of study participants (n =212)

	6.4.2 Correlation matrix of fixed effects
	Table 6.2 Correlation matrix of estimated coefficients of fixed effects

	6.4.3 Predictors of PBD consumption
	Table 6.3 Predictors of PBD consumption in hypertensive, older adults

	6.4.4 Changes in PBD consumption
	Table 6.4 Pairwise contrasts for PBD scores (consumption among time points for intervention and control groups

	6.4.5 Linear mixed-effects model (LMM) comparisons
	Table 6.5 Model Comparisons and Summary


	6.5 Discussion
	6.6 Conclusion and future implications

	Chapter 7: Discussion
	7.1 Summary of findings

	Previous findings showed that living arrangement was an important factor associated with dietary habits of older adults in general. Most of the research showed that older individuals who lived alone were less likely to have healthier dietary practices...
	7.2 Implications
	7.2.1 Limitations
	7.2.2 Strengths of the studies
	7.2.3 Consideration for future research

	7.3 Conclusions

	Appendices
	Bibliography



