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ABSTRACT 

BARRIERS AND FACILITATORS OF DAIRY CONSUMPTION AMONG 

INDIVIDUALS WITH METABOLIC SYNDROME 

Kofi Amoh-Mensah 

April 28, 2023 

About 35% of the United States adult population meets the criteria for metabolic 

syndrome, representing about 85 million individuals. Consuming dairy products protects 

against the development of the metabolic syndrome and protects against the development 

of complications associated with it. However, approximately 10% of the U.S. population 

meets the daily recommendation for dairy products. Information about the use of dairy 

products among people living with metabolic syndrome is relatively unknown, even 

though it will benefit them the most.  

Therefore, this dissertation aimed to assess dairy product consumption and 

explore the factors hindering or enhancing their consumption among individuals with 

metabolic syndrome. This dissertation has three manuscripts: (1) a systematic review to 

assess the effects of dairy consumption on the development of metabolic syndrome; (2) a 

review of literature comparing the dietary assessment methods, their strengths, and their 

limitations; (3) an assessment of the barriers and facilitators to consuming dairy products 

in individuals with metabolic syndrome. 

The systematic review included 16 articles, of which seven (43.75%) were cross-

sectional studies, five (31.25%) were randomized clinical trials, and four (25.00%) were 
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prospective cohort studies, with a total of 320,211 participants. The review concluded 

that dairy products exhibited protective effects against the risk of developing metabolic 

syndrome. The review compared four dietary assessment methods, including the 24-hour 

dietary recall, the food record, the food frequency questionnaire (F.F.Q.), and diet 

screeners. The outcome suggested that the dietary screener was the most appropriate 

instrument for the research because it measured dairy consumption over the past month 

without needing to analyze energy intake and the burden of responding to many 

questions. 

The final manuscript assessed dairy consumption among people with metabolic 

syndrome using a survey and the barriers and facilitators to meeting the daily dairy 

recommendation. About 49% of respondents met the guidance of three cups per day, and 

the most common facilitator was access to dairy products. However, there were no 

differences between what respondents perceived as barriers and facilitators when they 

were related to the cups of dairy consumed in a day. 
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CHAPTER I 

INTRODUCTION 

About 35% of the United States adult population meet the criteria for metabolic 

syndrome, representing about 85 million individuals (Moore et al., 2017; Ramphal et al., 

2014). No mortality statistics are directly attributable to metabolic syndrome, according 

to the National Vital Statistics Report of 2019 (Heron, 2021). However, metabolic 

syndrome increases the risk of developing other chronic diseases (Moore et al., 2017). 

Individuals who meet the criteria for metabolic syndrome have an increased risk of 

developing type 2 diabetes mellitus, cardiovascular diseases, and cancer (Lemieux & 

Després, 2020; Suliga et al., 2017; Moore et al., 2017). For instance, heart diseases, 

cancers, and diabetes mellitus were responsible for the demise of 659,041, 599,601, and 

87,647 Americans, respectively. These three conditions caused about 47% of all deaths in 

the U.S in 2019 (Heron, 2021). Furthermore, individuals who meet the criteria for 

metabolic syndrome have a 16% to 18% increased risk of developing their first coronary 

event within a decade. This risk is similar to individuals who have experienced their first 

coronary event in the past (Sherling et al., 2017).  

The economic cost associated with metabolic syndrome management and 

treatment is higher than for those living without the syndrome. Miller (2013) estimates 

the annual direct healthcare cost for metabolic syndrome patients at over $5,000 per 

person, which is about $2,061 more than those without metabolic syndrome. Kentucky’s 

average health price is $7140 yearly (Dennis, 2021). Using the estimated excess
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healthcare cost for metabolic syndrome patients by Miller (2013), the Kentuckian 

diagnosed with metabolic syndrome will pay on average $9000, annually.   

Consuming dairy products have shown to be protective against metabolic 

syndrome development. In those that have the syndrome, dairy consumption improved 

their health by reducing the parameters of the components of metabolic syndrome and 

their biomarkers (Babio et al., 2015; Martins et al., 2015). However, in the general 

population about 90% of Americans do not meet the daily dairy consumption 

recommendation in the U.S., according to the U.S. Department of Agriculture (USDA, 

2020).  

Previous studies attribute this decline to many factors, and lactose intolerance is 

the major contributor (Brown-Riggs, 2016; Mobley et al., 2014; Barr, 2013; Nicklas et 

al., 2011). Other barriers include cost, taste, the lack of knowledge about the 

recommended levels and the lack of knowledge about the dairy’s health benefits. Another 

significant barrier to consuming dairy is the notion that milk products are fattening 

(Nicklas et al., 2013). Furthermore, some individuals do not consume dairy products 

because of their nutritional culture (Mobley et al., 2014). Such individuals did not grow 

up with dairy products as their food staple. Others believe there is no need for dairy 

products in old age because they are more beneficial to children. The taste of some dairy 

products was identified as a barrier, although this barrier is peculiar to low-fat milk 

(Mobley et al., 2014).  

Conversely, among individuals who consume dairy products, the facilitators 

include the affordability, accessibility, and availability of dairy products (Nicklas et al., 

2013). Another enabler of dairy product use is the health benefits such as good bone 
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health. This health benefit caused some older adults to consume dairy products (Park et 

al., 2019; Mobley et al., 2014).  

Studies about metabolic syndrome patients and their dairy consumption set them 

up as subjects who are given dairy as a form of an investigational product in randomized 

clinical trials (RCT; Vien et al., 2019; Schmidt et al., 2021a). This research approach 

makes the subjects put up good health behaviors to get the best outcomes since they 

know their activities and inactivities are monitored. Other study approaches assess the 

dairy consumption among individuals over a period of time in prospective and cross-

sectional studies (Trichia et al., 2020; Jin & Je, 2021). The prevalence of metabolic 

syndrome is then assessed for differences in dairy consumption over the period of time. 

However, there is scarcity of data about dairy consumption among individuals 

who have been diagnosed and living with metabolic syndrome. There is not enough 

information about this group meeting or not meeting the daily dairy consumption as 

recommended by the Dietary Guidelines for Americans 2020 (United States Department 

of America, USDA, 2020). Yet, it is this group of people that will most likely benefit 

from the protective effect of dairy consumption against metabolic syndrome and the 

health complications, such as heart diseases, cancers, and diabetes mellitus, that come 

with it.   

Therefore, the purpose of this study was to assess dairy products consumption and 

the factors that hinder or enhance their consumption among individuals with metabolic 

syndrome. The concepts of the Health Promotion Model (HPM) were the guide of the 

study. 

Theoretical Framework 
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The HPM has 11 concepts under three subheadings: individual characteristics and 

experiences, behavior-specific cognitions and affect, behavioral outcomes, and the 

direction of flow of the framework (McEwen, 2019). Concepts under the first category, 

individual characteristics, and experiences interact with the concepts in the second 

category, which subsequently affect those in the third category. However, the two 

concepts under the first category, the prior related behavior and personal factors, directly 

influence the behavioral outcome, which is the third category (McEwen, 2019). The 

personal factors concept describes the biological, socio-cultural, and psychological 

factors that influence the behavioral outcome.  

A vital concept of the HPM is the perceived barriers to action (defined as “the 

perceptions of blocks, hurdles, and personal costs of undertaking a health behavior” 

(Pender, 2011, p. 4). This concept highlights the obstacles to espousing health-promoting 

behaviors. It assesses the ability of an individual to undertake a health-promoting 

behavior (Khoshnood et al., 2018; Peterson & Bredow, 2017). This concept falls under 

the second category, behavior-specific cognitions and affect, and interacts with other 

concepts from the same category, like activity-related affect, perceived self-efficacy, and 

perceived benefits of action. These concepts influence the health promoting behavior 

(Peterson & Bredow, 2017). Figure 2 shows the interactions between the concepts. 

Using this theoretical framework as the research guide, the fundamental concept 

of interest, perceived barriers of action was used to assess the hindrances to consuming 

dairy products. The relationship between personal factors and daily dairy consumption 

was explored. Figure 3 shows a conceptual framework adapted from the HPM theoretical 
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framework (in Figure 2) delineating the influence of perceived barriers and personal 

factors on behavioral outcomes. 

Summary of Chapters 

This dissertation comprises five chapters. Chapter One presents the background 

and the significance of the burden of metabolic syndrome on the individual diagnosed 

with it and the country at large economically and the complexities that arise when left 

unchecked. This chapter assesses the variables within Pender’s Health Promotion Model 

(HPM) that can help ascertain the study outcome, dairy consumption, among individuals 

with metabolic syndrome. 

Chapter Two provides an in-depth systematic review of the effects of dairy 

consumption on metabolic syndrome. This chapter observes the protective effect of dairy 

consumption on metabolic syndrome. This observation makes a strong argument for why 

it is important to identify the factors that may hinder or enhance dairy consumption, to 

effectively advocate it to people with metabolic syndrome. 

Chapter Three presents the review of literature of the measuring tools for 

collecting data and provides the reasons for selecting one over the others. It assesses the 

merits and demerits of the various dietary measuring tools that could have been utilized 

in collecting data on dairy consumption. 

Chapter Four is the main study of the dissertation and describes the research 

design. It presents the main findings of this dissertation and the observations about the 

barriers and facilitators to consuming dairy products among the unique population of 

metabolic syndrome patients. This chapter also assesses the consumption of dairy 
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products among this population. The final chapter is the synthesis of findings, 

significance to nursing, implications for future research, and conclusion. 
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CHAPTER II 

THE EFFECTS OF DAIRY CONSUMPTION ON THE DEVELOPMENT OF 

METABOLIC SYNDROME: A SYSTEMATIC REVIEW 

Background/Significance 

Metabolic syndrome is a cluster of risk factors that increase an individual’s risk of 

having type 2 diabetes mellitus, cardiovascular diseases, and cancer (Suliga et al., 2017). 

About 35% of the United States adult population meets the criteria for metabolic 

syndrome, representing about 85 million individuals (Moore et al., 2017; Ramphal et al., 

2014). 

According to the literature, dairy products reduce the risk of developing metabolic 

syndrome. When consumed, dairy products (i.e., food made from animal milk) possess 

protective abilities against the components of metabolic syndrome (Babio et al., 2015; 

Martins et al., 2015). Products may include but are not limited to milk, yogurt, cheese, 

custard, whipped cream, butter, and ice cream (Barrubés et al., 2018). Dairy products 

contain the following food nutrients: proteins, fats, oligosaccharides, and micronutrients, 

including vitamins like Retinol (vitamin A), calciferol (vitamin D), Tocopherol (vitamin 

E), Phytonadione (vitamin K), Calcium, Magnesium, Phosphorus, and Zinc (Timon et al., 

2020).  

Studies reveal the effects of these nutrients on the components of metabolic 

syndrome. For instance, dairy proteins (whey and casein) and calcium can aid in the 

weight reduction process (Fernandez et al., 2017; Dugan et al., 2016). Dairy calcium and 
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saturated fatty acids (SFA) lower serum triglyceride levels and increase serum HDL 

levels (Jahreis & Dawczynski, 2020; Mena-Sánchez et al., 2019). Furthermore, dairy 

proteins, calcium, and SFAs possess antihypertension properties (Giromini et al., 2020; 

Jahreis & Dawczynski, 2020; Fernandez et al., 2017) and have glycemic control 

properties (Fernandez & Marette, 2020; Jahreis & Dawczynski, 2020). 

These notwithstanding, evidence points to the fact that the dairy matrix, rather 

than the single nutrients, further enhances the health benefits attributed to dairy products 

(Givens & Lovegroove, 2020). While the various effects of metabolic syndrome can be 

associated with specific nutrients of dairy products, some of these effects overlap. 

Therefore, the modulating effects of these nutrients are greatly enhanced in the dairy 

matrix and may explain the findings that support the protective effects on metabolic 

syndrome (Mena-Sánchez et al., 2019).  

However, the findings of the epidemiological, cross-sectional, and clinical trial 

studies on the effects of dairy product consumption on metabolic syndrome have been 

inconclusive (Fumeron et al., 2011; Louie et al., 2013). In this systematic review of the 

literature, the effectiveness of dairy product consumption in preventing the development 

of metabolic syndrome is assessed. 

Methods 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines were used in the current analysis (Liberati et al., 2009). 

Literature search strategy 

 A literature search was conducted for relevant articles published in English from 

three databases: CINAHL, PubMed, and EMBASE, from January 2017 to March 2022. 
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MeSH terms used included “dairy products” OR “milk” OR “cheese” AND “metabolic 

syndrome” OR “metabolic disease” OR “syndrome x”; “dairy products AND “metabolic 

syndrome”; “dairy products” OR “dairy” AND “metabolic syndrome x” OR “metabolic 

syndrome x.” 

Eligibility criteria  

Articles were included when they met the following criteria:  a) an 

original/primary human study, b) either a randomized clinical trial, a cohort, 

epidemiologic, or cross-sectional study, c) published in English, d) include any of the 

metabolic syndrome, its components, or biomarkers as the outcome criteria, and e) had 

dairy products as interventions, not the micronutrients of dairy products, fortified 

products, or calcium. There were no non-database articles in the review. 

Results 

As shown in Figure 1, the search strategy identified 180 articles from CINAHL, 

31 from PubMed, and 284 from EMBASE, summing up to 495 articles. After reviewing 

the titles, 444 articles were excluded for not including the search terms. About 51 articles 

initially met the criteria for abstract review. Out of these articles, 12 were identified as 

duplicates and removed accordingly. The abstracts of the remaining 39 papers were 

reviewed, and 19 studies were removed after the abstract review. Of the 19 articles not 

included, eight were reviews (systematic, narrative, literature, and meta-analysis); two 

were editorials; five studies used either a dairy nutrient or fortified dairy products as the 

intervention. Another two were non-human studies, and three did not have metabolic 

syndrome or any of its five components as the outcome criteria. Four of the 20 remaining 

articles in the full-text assessment were excluded from the review. One study was 
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removed because it had dairy and legumes as the intervention diet (Baldeón et al., 2021). 

Another two were removed because they were abstracts from a conference (Mena-

Sánchez & Babio Sánchez, 2017) & (Eelderink et al., 2017). Finally, the last study was 

not included because the outcome criteria were not a metabolic syndrome, its 

components, or its biomarkers (Bellikci-Koyu et al., 2019). Data extracted from the 

articles included in the review were author, year, study design, population, outcome 

criteria, intervention/assessment of interest, duration, and main findings.  

Study Characteristics 

Out of the 16 final articles included in this review, seven (43.75%) were cross-

sectional studies. Five (31.25%) were randomized clinical trials, while four (25.00%) 

were prospective cohort studies. Three articles researched adolescent participants (11-18 

years; Abreu et al., 2019; Fallah et al., 2018; Fallah et al., 2019), while 13 studies had 

adult participants (18 years and over). The 16 studies included in this review had a 

combined total of 320,211 participants. Other characteristics of the articles in this review 

are summarized in Table 1. 

Quality of Articles  

This review consists of 16 articles, including randomized clinical trials (RCTs), 

cross-sectional, and cohort studies assessing the effects of dairy product consumption on 

metabolic syndrome. The quality of each study was appraised using the Grading of 

recommendations, assessment, development, and evaluations (GRADE) system (Goldet 

& Howick, 2013; Guyattet al., 2011). The quality ranged from moderate to high. Most 

studies (11) were of moderate quality. Five articles (Fallah et al., 2018; Fallah et al., 

2019; Schmidt et al., 2021a; Schmidt et al., 2021b; Vien et al., 2019) were of high 
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quality. Where moderate quality suggests, there is moderate confidence that the actual 

effect is close to the estimated effect even though they may differ substantially. High 

quality means that there is high confidence that the actual impact is close to the estimated 

effect of the study outcome (Balshem et al., 2011). 

Overall, 12 articles reveal a strong recommendation based on the quality of their 

evidence (moderate to high) and the strength of their outcomes that point to the protective 

effects of dairy consumption against metabolic syndrome, its components, or biomarkers 

(Guyatt et al., 2011; Balshem et al., 2011). These studies included Abreu et al. (2019); 

Bhavadharini et al. (2020); Jin & Je (2021); Kim & Kim (2017); Kyung Won & 

Wookyoun (2017); Lago-Sampedro et al. (2019); Mena-Sánchez et al., (2018); Sangah et 

al., (2017); Hedayat et al. (2020); Trichia et al., (2020); Beydoun et al., 2018; Vien et al. 

(2019).  

Findings  

Of the 16 articles, 10 provided either relative risk (RR), odds ratio (OR), or 

hazard ratio (HR) analyses. These studies observed a protective effect of dairy 

consumption against metabolic syndrome, its components, or biomarkers. Bhavadharini 

et al. (2020) observed that higher intakes of total dairy (OR 0.76; CI, 0.71-0.80, 

p<0.0001), whole fat dairy alone (OR 0.72; CI, 0.66-0.78, p<0.0001), and whole fat and 

low-fat dairy consumed jointly (OR 0.89; CI, 0.80 to 0.98, p=0.0005) were each 

associated with a lower prevalence of metabolic syndrome. Jin and Je (2021) saw a 

reduction in the prevalence of metabolic syndrome among dairy product consumers (≥1 

serving/day) when stratified by age (OR 0.88; CI 0.78–0.998, p=0.048) for adults and 

(OR 0.80; CI 0.65–0.98, p=0.020) for the elderly compared to non-dairy consumers. In 
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another study, dairy consumers (>7 servings/week) had a reduced risk of metabolic 

syndrome (HR 0.61; CI 0.52, 0.71, p<0.0001) compared to non-consumers (Kim & Kim, 

2017). Kyung Won and Wookyoun (2017) observed a protective effect of dairy 

consumption against metabolic syndrome in women after adjusting for sex (AOR 0.67; 

CI: 0.56–0.80; p<0.01). Sangah et al. (2017) observed that higher milk consumption has a 

lower metabolic syndrome prevalence than those in the lowest consumption category. In 

men, ≥1 serving/day led to an 8% decrease in prevalence (OR: 0.92, CI: 0.86–0.99, 

p=0.0160). However, ≥2 servings/day in women caused about 32% less prevalence of 

metabolic syndrome (OR: 0.68, CI: 0.60–0.76, p<0.0001). Beydoun et al. (2018) report 

that fluid milk intake was inversely related to metabolic syndrome (HR: 0.86; CI: 0.78, 

0.94; p<0.05). 

Other studies revealed the inverse association between dairy consumption and 

some components of metabolic syndrome. For instance, Hidayat et al. (2020) found that 

milk consumers had lower odds of having elevated waist circumference (OR 0.78; CI, 

0.67, 0.92), elevated triglyceridemia (OR 0.83; CI, 0.70, 0.99), and elevated blood 

pressure (OR 0.85; CI, 0.73, 0.99) than non-milk consumers. Lago-Sampedro et al. 

(2019) observed that consuming ≥3 servings/day of dairy reduced the risk of 

hypertension (OR, 0.743; CI, 0.57–0.95; p=0.022). Their study revealed that there was a 

dose-response association between dairy consumption and the odds of developing 

obesity, Once/day (OR, 0.758; CI, 0.60–0.95; p=0.02); twice/day (OR, 0.737; CI, 0.59–

0.91; p=0.006); ≥3 times/day (OR, 0.641, CI, 0.51–0.80, p<0.001). These odds ratio 

values suggest about 24%, 26%, and 36% lower odds of developing obesity than non-

dairy consumers (Lago-Sampedro et al., 2019). Mena-Sánchez et al. (2018) found that the 
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higher the consumption of cheese, the lower prevalence of low HDL cholesterol (RR, 

0.88; CI: 0.78-0.98; p=0.02) and hypertriglyceridemia (RR, 0.83; CI: 0.74-0.93; p<0.01). 

Abreu et al. (2019) observed that the non-overweight adolescents in the higher tertiles 

(2&3) of total dairy and milk consumption had a significant reduction in inflammatory 

biomarkers such as Interleukin-6 (IL-6). They observed that total dairy product 

consumption led to a 36% and 34% lower concentration of IL-6 than those in the first 

tertile (Tertile 2: AMR, arithmetic mean ratio; 0.64; 0.52, 0.80; p <0.001 & Tertile 3: 

AMR; 0.66; 0.53, 0.82; p <0.001). A similar observation was made for milk 

consumption, where there were 37% and 35% reductions in IL-6 concentration among 

tertiles 2&3 consumers (AMR; 0.63; 0.51; 0.78; p <0.001; AMR; 0.65; 0.51; 0.82; p 

<0.001) respectively (Abreu et al., 2019). The other articles’ findings are in the synthesis 

table (Table 1).  

Discussion 

 Several mechanisms may underly the impact of dairy products on metabolic 

syndrome, its components, and biomarkers. Chief among the explanations underscoring 

how dairy consumption benefits its users are the complex matrices of individual food 

nutrients and minerals interacting (Mena-Sánchez et al., 2019). Below are descriptions of 

some mechanisms of dairy nutrients and minerals and how they affect metabolic 

syndrome, its components, and biomarkers. 

 Evidence indicates dairy’s role in reducing weight and waist circumference 

(Fernandez & Marette, 2020). Dairy products possess low carbohydrates and are high in 

protein. The protein components (whey and casein) enhance satiety and prevent excess 

energy intake, reducing the activities that result in adipocyte hypertrophy and 
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inflammation. This effect is achieved by lowering inflammatory biomarkers such as 

interleukins, Il-1�, and IL-6 (Dugan et al., 2016). Therefore, satiety can reduce weight 

(Fernandez et al., 2017). Dairy calcium is involved in the weight reduction process. The 

calcium component of dairy enhances weight loss by preventing the adipocytes from 

storing fats (Chen et al., 2015). Dougkas et al. (2020) found a protective effect of dairy 

consumption against greater waist circumference, abdominal obesity, and the risk of 

obesity. 

Dairy consumption reduces triglyceride levels and increases HDL levels using a 

similar calcium mechanism observed for weight reduction. Calcium in dairy promotes 

lipid metabolism, increasing the HDL-cholesterol level and lowering the plasma 

triglyceride levels (Mena-Sánchez et al., 2019). Calcium metabolites decrease fatty acid 

synthesis and increase lipolysis by slowing fat absorption and promoting fatty acid 

excretion through the feces. This process occurs by calcium interacting with fatty acids to 

form insoluble fatty acid soaps (Mena-Sánchez et al., 2019; Fernandez et al., 2017). 

Calcium increases the excretion of bile acids. The excess bile acid removal causes the 

liver to draw more cholesterol from the blood to synthesize more bile acids for use in the 

body. This digestive process reduces serum triglycerides (Givens & Lovegrove, 2020). 

Other studies point to the role of saturated fatty acids (SFA) in lowering serum 

triglyceride levels and increasing serum HDL levels (Jahreis & Dawczynski, 2020). 

Vaccenic acid, found in SFA of dairy products, suppresses the synthesis of triglycerides 

by the liver and the intestines leading to the lowering of serum triglycerides. 

Phospholipid trans 9 palmitoleic acids, a vaccenic acid derivative obtained after vaccenic 
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acid oxidation, have been associated with lower serum triglyceride levels (Jahreis & 

Dawczynski, 2020).  

In addition to weight reduction, triglyceride reduction, and HDL elevation, 

nutrients in dairy products possess antihypertension properties (Givens & Lovegrove, 

2020). Vaccenic acid and its metabolite, cis9, trans11 conjugated linoleic acid (CLA), are 

the dominant SFA in dairy products. The metabolites reduce cytokine effects (specifically 

interleukin, IL-8), thereby preventing the inflammatory process from starting. They 

achieve this anti-inflammatory ability through the nuclear receptor PPAR�, which 

decreases inflammatory response. This process prevents inflammation in the endothelial 

tissues, which are found in blood vessels, and prevents the hardening of the vasculature 

endothelium (Jahreis & Dawczynski, 2020). Studies reveal that dairy SFAs contain polar 

lipids (phospholipids and sphingolipids) in their membranes, which have anti-

inflammatory effects (Mena-Sánchez et al., 2019). This process reduces arterial blood 

pressure as vessels can more easily expand to enhance blood flow. 

The effect of dairy proteins and calcium on reducing blood pressure has been 

observed, and the mechanism of action has been reported. Dairy proteins possess 

angiotensin-converting enzyme (ACE) inhibitors and antioxidant properties (Giromini et 

al., 2020). The ACE increases blood pressure through the renin-angiotensin system by 

producing angiotensin II. Therefore, preventing the conversion of angiotensin I to 

angiotensin II through ACE inhibitors prevents blood pressure from rising (Kim & Je, 

2016). Bioactive peptides released during digestion in the gastrointestinal tract influence 

these blood pressure-lowering effects. However, these bioactive peptides are more readily 

available in fermented dairy products before they are consumed (Fernandez & Marette, 
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2018). Giromini et al. (2020) posit that the effect of dairy proteins on the metabolism of 

serum triglycerides prevents the development of endothelial dysfunction and arterial 

stiffening. 

The antioxidant properties of dairy proteins reduce serum glucose levels after 

consumption. This process inhibits oxidative stress and enhances the availability of nitric 

oxide (NO) in endothelial cells (Fernandez & Marette, 2020). NO enhances endothelial 

function by promoting vasodilation of blood vessels and mediating vascular tone, thereby 

reducing blood pressure (Giromini et al., 2020). Calcium indirectly reduces oxidative 

stress and hypertension by enhancing NO activity and promoting vasodilation (Fernandez 

et al., 2017). Dairy protects against metabolic syndrome and its components through 

these complex processes. 

Dairy products possess the ability to enhance glycemic control by reducing 

postprandial hyperglycemia. Proteins, calcium, and SFA from dairy have been observed 

to have protective properties against type 2 diabetes (Fernandez & Marette, 2020; Jahreis 

& Dawczynski, 2020). Dairy proteins achieve hypoglycemic effects through several 

mechanisms: directly by modulating incretin hormones to stimulate the pancreatic �-cells 

to release insulin-specific amino acids like leucine trigger this mechanism, and indirectly 

by promoting satiety and preventing excess energy intake. These mechanisms cause 

blood glucose clearance and explain the attenuated postprandial hyperglycemia 

(Fernandez & Marette, 2020).  

Calcium achieves hypoglycemic effects through three pathways: stimulation of �-

cells to release insulin, improvement of insulin action, and reduction of inflammation 

(Fernandez et al., 2017). These mechanisms prevent insulin insensitivity. Dairy SFAs 
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possess glucose homeostasis via two physiological pathways: vaccenic acid prevents the 

liver from accumulating triglycerides, enhancing insulin sensitivity, and cis9,trans11 

CLA stimulates insulin secretion and prevents insulin resistance (Jahreis & Dawczynski, 

2020). The improvement in insulin sensitivity through dairy consumption reduces blood 

glucose levels and ultimately prevents the development of the metabolic syndrome. 

Some RCTs in this review did not report dairy's statistically significant protective 

effect on metabolic syndrome, its components, or biomarkers (Schmidt et al., 2021a; 

Schmidt et al., 2021b; Fallah et al., 2019; Fallah et al., 2018). However, dairy 

consumption did not increase the risk of developing metabolic syndrome in these studies 

either. Schmidt et al. (2021a&b) did not observe an added risk of developing metabolic 

syndrome from consuming full-fat dairy products. Consuming diluted yogurt and 

fermented camel milk did not increase the risk of developing metabolic syndrome (Fallah 

et al., 2019; Fallah et al., 2018). Vien et al. (2019) observed that dairy consumption 

suppresses the sense of hunger and reduces blood glucose to the base levels after 60 

minutes of consumption. This outcome underscores some of the mechanisms of dairy, as 

explained above. Schmidt et al. (2021a) observed a statistically significant reduction in 

the Matsuda insulin sensitivity index scores for full-fat and low-fat dairy products. 

Schmidt et al. (2021b) observed a statistically significant reduction of the systolic blood 

pressure scores for participants who consumed full-fat and low-fat dairy products.  

However, in the RCTs, researchers emphasized the potential benefits of 

consuming the dairy products provided to participants. This stress on the importance of 

dairy can alter the normal lifestyles of participants, preventing them from engaging in 

other behaviors that may negatively or positively impact the study outcomes. This 
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importance of dairy consumption alone was further evident in the analyses of these 

RCTs. None of the RCTs conducted inferential research to assess the effect of dairy when 

other factors were considered. All analyses were solely on the impact of dairy products 

on metabolic syndrome, and dairy was set as a supplement in a trial. 

The RCTs were conducted over a shorter period and with smaller study 

participants. The longest follow-up period for the RCTs was 20 weeks (Fallah et al., 2019 

and 2018), and the fewest was five days (Vien et al., 2019). The sum of all participants in 

the five RCTs was 151 (approximately 0.05%) of the total participants. RCT is the gold 

standard for clinical research since it leads to a causal effect conclusion. However, 

assessing the dietary behaviors of individuals over a longer time is clinically as 

significant (Beydoun et al., 2018). 

The observational studies included in this review assessed dairy consumption 

while not modifying participants’ lifestyles. Kim and Kim (2017) observed that 

participants who frequently consumed dairy were more likely to be younger, more active, 

educated, and less likely to be current smokers than those who consumed less dairy. 

Kyung, Won, and Wookyoun (2017) reveal that higher consumption of dairy was 

associated with higher consumption of flour and bread and lower consumption of refined 

foods, red meat, and alcoholic beverages. These observations suggest that nutrition, in 

general, and dairy consumption, is a way of life. Using an RCT study design may not be 

the most appropriate study design. The observations support the idea that dairy 

consumption consistently (not as a change during a trial) is the underlying protection. 

Limitations  
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The main limitation of this review is that most of the articles included (11) were 

observational studies, which limits causal inference. However, these studies accounted 

for about 99.97% of the participants in the study. All but one of five RCTs, regarded as 

high quality by the GRADE a priori assessment, did not observe a significant association 

between dairy consumption and metabolic syndrome. This non-significant association 

may be due to the small sample sizes and the short follow-up period for the research. The 

intervention and control groups consumed dairy products, which may have accounted for 

their non-significant differences.  

Implications 

The implication of this review’s findings may impact practice and research, 

especially on managing metabolic syndrome. Some individuals, from health professionals 

to the general population, tag dairy products, primarily whole-fat dairy products, as foods 

to avoid. This perception has become a barrier to dairy consumption among many people. 

With the findings of this review, healthcare providers can make a case for dairy products 

for their clients. On the other hand, researchers who want to conduct studies into the 

effects of dairy on chronic diseases should consider using epidemiological designs to 

prevent participants from assuming that the interventional dairy product used is 

therapeutic. Researchers can study the different barriers to dairy consumption and assess 

the consumption rate among metabolic syndrome patients. A follow-up study of the 

consumption rate could be the assessment of the barriers to or facilitators of dairy 

consumption among these individuals with metabolic syndrome. 

Conclusion 
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 This study is a systematic review of 16 articles, including five RCTs. The review's 

finding suggests dairy products likely exhibit protective effects against the risk of 

developing metabolic syndrome, as observed with the different studies realizing the 

different protecting effects against metabolic syndrome and its components. This finding 

may further indicate that the consumption of dairy products must be encouraged among 

the general population, especially individuals diagnosed with metabolic syndrome. 

However, further studies are warranted to assess the moderating effects of dairy against 

metabolic syndrome. In addition, studies are necessary to determine modifiable barriers 

to dairy consumption in individuals at risk for development of metabolic syndrome. 
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Figure 1 

PRISMA Flow Diagram 
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(n = 19) 

Full-text articles 
assessed for eligibility  

(n = 20) 

Full-text articles 
excluded, with reasons  

(n = 4) 

Studies included in the 
systematic review  

(n = 16) 

Records identified through 
PubMed database 

searching  
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Table 1 

Synthesis Table: The Effects of Dairy on Metabolic Syndrome and Components  

Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

Abreu et al. 
(2019) 

Cross-
sectional 

7th graders 
and 10th 
graders (12-
18 years) 

Metabolic and 
inflammatory 
biomarkers 
(CRP, IL-6, 
adiponectin, 
and leptin) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Used FFQ to assess the 
consumption of milk 
(whole, reduced-fat, and 
fat-free), yogurt, and 
cheese (cottage and 
cream cheese) divided 
into tertiles: Total dairy 
products: tertile 1, ≤266.1 
g/day; tertile 2, 266.1–
506.9 g/day; tertile 3, 
≥506.9 g/day; Milk: 
tertile 1, ≤192.5 g/day; 
tertile 2, 192.5–245.0 
g/day; tertile 3, ≥245.0 
g/day; Yogurt: tertile 1, 
≤53.6 g/day; tertile 2, 
53.6–125.0 g/day; tertile 
3, ≥125.0 g/day; Cheese: 
tertile 1, ≤4.3 g/day; 
tertile 2, 4.3–12.9 g/day; 
tertile 3, ≥12.9 g/day 

Not given Inverse association 
between the total 
dairy product and 
milk intake (tertiles 
2&3) and serum 
concentrations of 
IL-6 in non-
overweight 
adolescents 
compared to tertile 
1. 
Total dairy 
consumption 
(Tertile 2: AMR, 
arithmetic mean 
ratio; 0.64; 0.52, 
0.80; p <0.001 & 
Tertile 3: AMR; 
0.66; 0.53, 0.82; p 
<0.001); milk 
consumption (AMR; 
0.63; 0.51; 0.78; p 
<0.001 & AMR; 
0.65; 0.51; 0.82; p 
<0.001) 
respectively. 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

No significant 
associations 
between serum 
concentrations of 
leptin and 
adiponectin and all 
dairy products 

Beydoun et 
al. (2018) 

Cohort Urban 
adults aged 
from 30 to 
64 years 

Relationship 
between dairy 
products and 
MetS and 
components of 
MetS 

Dietary exposures to 
dairy foods, namely, total 
dairy product intake 
(servings/d), total fluid 
milk intake (servings/d), 
total cheese intake 
(servings/d), and total 
yogurt intake (servings/d) 

Visit 1: 
2004 to 
2009 
Visit 2: 
2009 to 
2013 

Milk intake was 
inversely related to 
the MetS (HR 0.86; 
CI 0.78, 0.94), 
triglyceride (HR 
0.89; CI 0.81, 0.99), 
and HDL (HR 1.10; 
CI 1.01, 1.21). 
However, cheese 
and yogurt increased 
the risk for central 
obesity; fluid milk 
intake reduced the 
risk of MetS and 
reduced triglyceride 
levels; reduced HDL 
levels 

Bhavadharini 
et al. (2020) 

Prospective 
cohort/cross-
sectional 
study 

Adults aged 
from 35 to 
70 years 
across 21 
countries 

Association 
between dairy 
consumption 
and MetS, and 
MetS 
components; 

Total dairy, milk, yogurt, 
and cheese intake 
categories: zero, less than 
one serving/day, one to 
two servings/day, and 

9.1 years 
of data 
collection 

Higher intakes of 
total dairy (OR 0.76; 
CI, 0.71-0.80, 
p<0.0001), whole-
fat dairy alone (OR 
0.72; CI, 0.66-0.78, 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

association 
between dairy 
consumption 
and incident 
hypertension 
and incident 
diabetes 

more than two 
servings/day 

p<0.0001), and 
whole-fat and low-
fat dairy consumed 
jointly (OR 0.89; CI, 
0.80 to 0.98, 
p=0.0005) were 
each associated with 
a lower prevalence 
of MetS. 

Fallah et al. 
(2018) 

Randomized 
clinical 
double-blind 
cross-over 
trial 

Adolescents 
from ages 
11-18 years 
with MetS 

Homeostasis 
Model 
Assessment of 
Insulin 
Resistance 
(HOMA‑IR) 
and 
inflammatory 
biomarkers 

Control group: diluted 
cow’s yogurt (DCY, 250 
mls/day) for eight weeks 
Intervention group: 
fermented camel milk 
(FCM, 250 mls/day) for 
eight weeks. 
There was a washout 
period of 4 weeks and a 
cross-over for another 
eight weeks.  
 

Between 
October 
2016 and 
June 
2017, with 
a follow-
up period 
of 20 
weeks per 
participant 

No significant 
reduction of both 
FCM and DCY on 
the outcome. 
No significant 
differences between 
FCM and DCY on 
outcomes.  
HOMA-IR (0.25; CI 
-0.40, 0.91 p=0.42) 
Quantitative Insulin 
Sensitivity Check 
Index (QUICKI; -
0.009; CI -0.029, 
0.010; p=0.28) 
Fasting Blood Sugar 
(FBS; 0.79 mg/dL 
CI: -2.80; 4.38; 
p=0.65) 
Inflammatory 
markers: 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

IL6  (-18.28pg/mL; 
CI -47.48, 10.90; p= 
0.20) and TNF-� 
(7.08ng/L; CI -
58.82; 73.00; p= 
0.82) 

Fallah et al. 
(2019) 

Randomized 
clinical 
double-blind 
cross-over 
trial 

Adolescents 
from ages 
11-18 years 
with MetS 

Obesity 
measures:  
weight, BMI, 
BMI z-score, 
waist 
circumference 
(WC), hip 
circumference, 
WHR, and 
blood pressure 
measures: 
SBP and DBP 

Control group: diluted 
cow’s yogurt (DCY, 250 
mls/day) for eight weeks 
Intervention group: 
fermented camel milk 
(FCM, 250 mls/day) for 
eight weeks. 
There was a washout 
period of 4 weeks and a 
cross-over for another 
eight weeks.  
 

Between 
October 
2016 and 
June 
2017, with 
a follow-
up period 
of 20 
weeks per 
participant 

There were no 
significant 
differences in the 
effects of FCM and 
DCY on the 
following: 
Weight (-0.67 kg; 
CI: -1.97; 0.61; 
p=0.28). 
BMI (-0.10 kg/m2; 
CI: -0.65; 0.45; 
p=0.70) 
WC (-1.10cm; CI: 
3.22, 1.01; p=0.29) 
DBP (-4.45; CI: -
10.04, 1.12; p=0.11) 

Hidayat et al. 
(2020) 

Cross-
sectional 

Adults aged 
18 years 
and over 

MetS and 
components of 
MetS 

Milk consumers and non-
milk consumers 

Not given There were no 
differences in the 
odds of developing 
MetS between the 
groups. 
However, milk 
consumers had 
lower odds of 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

having elevated 
waist circumference 
(OR 0.78; CI, 0.67, 
0.92), elevated 
triglyceride (OR 
0.83; CI, 0.70, 0.99), 
and elevated blood 
pressure (OR 0.85; 
CI, 0.73, 0.99) than 
non-milk consumers 
 

Jin & Je 
(2021) 

Cross-
sectional 
study 

Adults aged 
from 19 to 
64 years 
and the 
elderly 
from 65 
years and 
over 

Association 
between dairy 
consumption 
and MetS 

24-hr dietary recall: total 
dairy consumption 
categorized into 0, <1 
serving/day, & ≥ 1 
serving/day 

2013-
2018 data 

Compared with no 
dairy consumption 
in adults, high 
consumption (≥1 
serving/day) was 
significantly 
associated with a 
lower prevalence of 
MetS (OR 0.88; CI 
0.78–0.998, 
p=0.048); High 
dairy consumers 
among the elderly 
had 20% lower odds 
of MetS (OR 0.80; 
CI 0.65–0.98, 
p=0.020) 

Kim & Kim 
(2017) 

A 
prospective, 

Adults aged 
40–69 years 

Association 
between total 

FFQ assesses the 
previous year’s frequency 

2001-
2010 

Frequent total dairy 
consumers (>7 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

community-
based cohort 
study  

dairy 
consumption 
and incident 
MetS and its 
components 

and portion size of dairy 
consumption, including 
milk, yogurt, and cheese. 
Categories for total dairy 
and milk:  never, <1, 1≤ 
to <4, 4≤ to ≤7, >7 
servings/week 
Categories for yogurt:  
never, <1, 1≤ to <4, ≥4 
servings/week) 

 
Ten years 
follow-up 

servings/week) had 
a lower risk of MetS 
than non-dairy 
consumers (HR 
0.61; CI 0.52, 0.71, 
p<0·0001). 
Increased 
consumption of 
yogurt (≥4 
servings/week) was 
associated with a 
lower incidence of 
MetS and its 
components 

Kyung Won 
& 
Wookyoun 
(2017) 

Cross-
sectional 

Adults aged 
19–64 years 

Obesity and 
MetS 

24-h dietary for dairy 
products such as whole-
fat milk, reduced fat 
(2%)/low-fat (1%), 
sweetened milk, yogurt, 
cheese/cheese products, 
and ice cream/dairy-based 
desserts. 
Frequencies:  non-
consumers, 0< to <1 
serving/day, and ≥1 
serving/day 

2010–
2013 

Consuming ≥1 
serving/day of dairy 
reduced the risk of 
MetS in women but 
not men (AOR: 
0.67; CI: 0.56-0.80; 
p<0.01). 

Lago-
Sampedro et 
al. (2019) 

Cross-
sectional 

18 years 
and over 

Hypertension, 
obesity, and 
diabetes 

Food Frequency 
Questionnaire (FFQ) past 
six months 

2009-
2010 

Consuming ≥3 
servings/day of 
dairy reduced the 
risk of hypertension 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

Dairy products were 
classified into: 
-Milk, yogurt, cheese 
-Sugary dairy products 
(packaged milkshakes, 
pudding, custard, and ice 
cream) 
-Butter or cream 
Frequencies occur once 
per day, twice per day, 
and three or more times 
per day. 

(OR, 0.743; CI, 
0.57–0.95; 
p=0.022). 
Consuming dairy 
products at least 
once daily reduced 
the odds of obesity 
development: 
Once/day (OR, 
0.758; CI, 0.60–
0.95; p=0.02); 
twice/day 
(OR, 0.737; CI, 
0.59–0.91; 
p=0.006); 
≥3 times/day (OR, 
0.641, CI, 0.51–
0.80, p<0.001). 

Mena-
Sánchez et 
al. (2018) 

Cross-
sectional 

Men aged 
55-75 years 
and women 
aged 60-75 
years, with 
BMI >27 to 
<40 kg/m2 
and MetS 

MetS 
components 

FFQ assessing fermented 
dairy products (low-fat 
yogurt, whole-fat yogurt, 
and all types of cheese) 
consumption. 
Consumption categorized 
into quartiles; lowest to 
highest (Q1, Q2, Q3, Q4). 

September 
2013-
November 
2016 

Those in the higher 
quartiles of cheese 
consumption had a 
lower prevalence of 
low HDL-
cholesterol (RR, 
0.88; CI: 0.78-0.98; 
p=0.02) and 
hypertriglyceridemia 
(RR, 0.83; CI: 0.74-
0.93; p<0.01). 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

However, 
consumption of total 
fermented dairy 
products, yogurt 
(and its types) was 
not associated with 
any of the 
components of the 
MetS 

Sangah et al. 
(2017) 

Cross-
sectional 

Adults aged 
40–69 

Association 
between milk 
consumption 
and risk of 
MetS and its 
components 

FFQ for milk 
consumption. 
Frequency of 
consumption- Women in 
five groups (none or 
rarely, <3 servings/week, 
3 ≤ to < 7 servings/week, 
1 serving/day, and ≥2 
servings/day). 
Men four groups: (none 
or rarely, ≤2 
servings/week, 3–6 
servings/week, and ≥1 
serving/day) 

2004-
2013 

Higher milk 
consumption (≥1 
serving/day in men 
& ≥2 servings/day 
in women) has a 
lower prevalence of 
MetS compared with 
those in the lowest 
category of 
consumption (OR: 
0.92, CI: 0.86–0.99, 
p=0.0160 & OR: 
0.68, CI: 0.60–0.76, 
p<0.0001) 
respectively. 

Schmidt et 
al. (2021b, 
May) 

Randomized 
Controlled 
Trial 

18 to 75 
years old 
with MetS 

Fasting lipid 
profile 
(triglycerides, 
HDL 
cholesterol, 
LDL 

Group 1: nonfat milk 
(“limited-dairy diet”) 
maximum of 3 
servings/week 
Group 2: low-fat dairy 
diet (nonfat milk and 

12 weeks No significant 
difference between 
interventions on 
fasting blood lipids 
profiles: 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

cholesterol, 
total 
cholesterol, 
free fatty 
acids, and 
LDL-Rf; the 
cholesterol 
content in 38 
plasma 
lipoprotein 
fractions) and 
blood pressure 

yogurt, low-fat cheese) 
3.3 servings of dairy/day 
Group 3: Full-fat dairy 
diet (whole milk, full-fat 
yogurt, and cheese) 3.3 
servings of dairy/day 

Total cholesterol 
(p=0.328) 
Triglycerides 
(p=0.446)  
LDL cholesterol 
(p=0.975) 
HDL cholesterol 
(p=0.788) 
Blood pressure 
(BP): 
Significant 
differences between 
intervention groups 
on the systolic BP 
(p=0.048): 
Full-fat (mean, 
[±SD];-5.4[±16.1]) 
Low-fat (-1.6 
[±8.6]) 
Limited (2.5 [±8.2]) 

Schmidt et 
al. (2021a) 

Randomized 
Controlled 
Trial 

18 to 75 
years old, 
weight 
stable with 
MetS 

Change 
in glucose 
tolerance, as 
assessed by 
measuring the 
glucose area 
under the 
curve (AUC) 
during a  

Group 1: nonfat milk 
(“limited-dairy diet”) 
maximum of 3 
servings/week 
Group 2: low-fat dairy 
diet (nonfat milk and 
yogurt, low-fat cheese) 
3.3 servings of dairy/d 
Group 3: Full-fat dairy 
diet (whole milk, full-fat 

12 weeks The AUC presented 
no significant 
differences in 
glucose tolerance 
between limited, 
full-fat, and low-fat 
dairy (p=0.340). 
Matsuda insulin 
sensitivity index 
(ISI); significant 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

3-hour 
frequently 
sampled Oral 
Glucose 
Tolerance Test 
(3-h FS-
OGTT) 

yogurt, and cheese) 3.3 
servings of dairy/d 

differences between 
intervention diets 
(p=0.012): 
Full-fat (mean, 
[±SD];-
0.25[±0.91]) 
Low-fat 
(0.47[±1.07]); 
Limited dairy (0.00 
[±0.92]). 
Body weight; 
significant 
differences between 
intervention diets 
(p=0.006): Full-fat 
(+1.0; CI, -0.2,1.8 
kg) Low-fat (+0.3; 
CI -1.1,1.9 kg) 
Limited dairy (-0.4; 
CI, -2.5, 0.7 kg) 

Trichia et al. 
(2020) 
 
 
 
 
 
 
 
 

Prospective 
study 

40 to 78 
years 

Changes in 
BMI, waist 
circumference, 
the ratio 
of the total to 
HDL 
cholesterol, 
glycated 
hemoglobin 
(HbA1c), and 

Past year FFQ validated 
with a 7-day food diary 
on total and types of dairy 
products (low- and high-
fat subtypes) consumed 
 
 
 
 
 

An 
average 
follow-up 
period of 
3.7 years 

An increase in 
yogurt consumption 
led to a rise in HDL 
cholesterol (0.02 
mmol/L; CI -0.04, -
0.01)  
High-fat cheese: 
One serving/d 
increase leads to 
total cholesterol 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

blood pressure 
(systolic and 
diastolic) 
 
 
 
 

 
 

(0.12 mmol/L; CI: 
0.04, 0.21), HDL 
cholesterol (0.04 
mmol/L; CI 0.01, 
0.07), and LDL 
cholesterol (0.09 
mmol/L; CI: 0.02, 
0.16) increase 
 

Vien et al. 
(2019) 

Non-
blinded, 
within-
subject, 
repeated-
measures, 
RCT 

Young 
adults: 20–
30 years old 
with a BMI 
of 18.5–
24.9 kg/m2 

and  
Adults:  
60–70 years 
old with a 
BMI of 
18.5–29.9 
kg/m2  

Expression of 
the area under 
the curve 
(AUC) for:  
Satiety was 
measured at 
baseline and 
every 15-30 
minutes over 3 
hours 
postprandial. 
Blood glucose 
and insulin 
levels were 
measured at 
baseline and 
every 15-30 
minutes for 2 
hours 
postprandial 

One serving of  
Reference or control 
food: skim milk (0.1% 
milk fat) 
Test foods: whole milk 
(3.25%), Greek yogurt 
(2%), and cheddar cheese 
(31%) 
Energy-free control: 
water 

Five 
separate 
mornings, 
one week 
apart from 
each other  

Appetite scores: 
reduced after all 
dairy treatment. 
Appetite tAUC was 
lower in females 
than males (11,529 
± 227 vs. 13,456 ± 
230 mm*min, 
p=0.003); 
Postprandial 
glycemia: By 60 
min, blood glucose 
(BG) returned to 
baseline after dairy 
treatment, but 
cheese and skim 
milk were lower 
than whole milk 
(p<0.04) 
Mean BG was 
higher in older than 
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Author 

(Year) 

Study 

Design 

Population Outcome 

criteria 

Intervention/Assessment 

of Interest 

Duration Main Findings 

young adults (5.20 ± 
0.04 vs. 4.97 ± 0.03 
mmol/L, p=0.0004) 
Mean BG lowest 
after cheese 
compared to both 
kinds of milk 
(p=0.0002) 
Serum Insulin: 
Insulin AUC is 
lower after cheese 
than milk and yogurt 
(p<0.001). 
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Table 2 

Assessment of the Quality of each Article using the GRADE system. 

Author (Year) Study Design GRADE 

Step 1 A 

priori 

ranking 

GRADE Step 2a 

Downgrade 

GRADE Step 2b 

Upgrade 

STEP 3 Quality 

of Evidence 

Abreu et al. 
(2019) 

Cross-
sectional 

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Large consistent effect---
very large 

Dose response---not 

observed 

Confounders only 
reducing size of effect--- 
not observed 

+++ 
Moderate 

Beydoun et al. 
(2018) 

Cohort Low Risk of bias---no serious 

bias 

Inconsistency---serious 

inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Large consistent effect---
large 

Dose response---not 

observed 

Confounders only 
reducing size of effect--- 
not observed 

+++ 
Moderate 

Bhavadharini et 
al. (2020) 

Prospective 
cohort/cross-
sectional 
study 

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Large consistent effect---
large 

Dose response---not 

observed 

Confounders only 

+++ 
Moderate 



   

 

35

Author (Year) Study Design GRADE 

Step 1 A 

priori 

ranking 

GRADE Step 2a 

Downgrade 

GRADE Step 2b 

Upgrade 

STEP 3 Quality 

of Evidence 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

reducing size of effect--- 
not observed 

Fallah et al. 
(2018) 

Randomized 
clinical 
double-blind 
cross-over 
trial 

High Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---serious 

(based on outcome) 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Large consistent effect---
not observed 

Dose response---not 

observed 

Confounders only 
reducing size of effect--- 
not observed 

+++ 
Moderate 

Fallah et al. 
(2019) 

Randomized 
clinical 
double-blind 
cross-over 
trial 

High  Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---serious 

(based on outcome) 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Large consistent effect---
not observed 

Dose response---not 

observed 

Confounders only 
reducing size of effect---
not observed 

+++ 
Moderate 

Hidayat et al. 
(2020) 

Cross-
sectional 

Low Risk of bias---no serious 

bias 

Large consistent effect---
not observed 

+++ 
Moderate 
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Author (Year) Study Design GRADE 

Step 1 A 

priori 

ranking 

GRADE Step 2a 

Downgrade 

GRADE Step 2b 

Upgrade 

STEP 3 Quality 

of Evidence 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Dose response---not 

observed 

Confounders only 
reducing size of effect--- 
not observed 

Jin & Je (2021) Cross-
sectional 
study 

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Large consistent effect---
large 

Dose response---not 

observed 

Confounders only 
reducing size of effect--- 
not observed 

+++ 
Moderate 

Kim & Kim 
(2017) 

A 
prospective, 
community-
based cohort 
study  

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Large consistent effect---
large 

Dose response---not 

observed 

Confounders only 
reducing size of effect--- 
not observed 

+++ 
Moderate 
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Author (Year) Study Design GRADE 

Step 1 A 

priori 

ranking 

GRADE Step 2a 

Downgrade 

GRADE Step 2b 

Upgrade 

STEP 3 Quality 

of Evidence 

Kyung Won & 
Wookyoun (2017) 

Cross-
sectional 

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency  

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Large consistent effect---
large 

Dose response---not 

observed 

Confounders only 
reducing size of effect--- 
not observed 

+++ 
Moderate 

Lago-Sampedro et 
al. (2019) 

Cross-
sectional 

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 
Publication bias---
undetected 

Large consistent effect---
large 

Dose response---observed 

Confounders only 
reducing size of effect---
observed 

+++ 
Moderate 

Mena-Sánchez et 
al. (2018) 

Cross-
sectional 

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision 

Large consistent effect---
not observed 

Dose response---not 

observed 

Confounders only 
reducing size of effect--- 
not observed 

+++ 
Moderate 
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Author (Year) Study Design GRADE 

Step 1 A 

priori 

ranking 

GRADE Step 2a 

Downgrade 

GRADE Step 2b 

Upgrade 

STEP 3 Quality 

of Evidence 

Publication bias---
undetected 

Sangah et al. 
(2017) 

Cross-
sectional 

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision  
Publication bias---
undetected 

Large consistent effect---
not observed 

Dose response---not 

observed 

Confounders only 
reducing size of effect---
not observed 

+++ 
Moderate 

Schmidt et al. 
(2021b) 

Randomized 
Controlled 
trial 

High Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision  
Publication bias---
undetected 

Large consistent effect---
not observed 

Dose response---not 

observed 

Confounders only 
reducing size of effect---
not observed 

+++ 
Moderate 

Schmidt et al. 
(2021a) 

Randomized 
Controlled 
Trial 

High Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness 

Large consistent effect---
not observed 

Dose response---not 

observed 

Confounders only 
reducing size of effect---
not observed 

+++ 
Moderate 
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Author (Year) Study Design GRADE 

Step 1 A 

priori 

ranking 

GRADE Step 2a 

Downgrade 

GRADE Step 2b 

Upgrade 

STEP 3 Quality 

of Evidence 

Imprecision---serious 

imprecision (based on 

the outcome, use of area 

under the curve) 
Publication bias---
undetected 

Trichia et al. 
(2020) 
 
 
 
 
 
 

Prospective 
study 

Low Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency  

Indirectness---no serious 

indirectness 

Imprecision---no serious 

imprecision  
Publication bias---
undetected 

Large consistent effect---
not observed 

Dose response---not 

observed 

Confounders only 
reducing size of effect---
not observed 

+++ 
Moderate 

Vien et al. (2019) 
 
 
 
 
 

RCT  High Risk of bias---no serious 

bias 

Inconsistency---no 

serious inconsistency 

Indirectness---no serious 

indirectness  
Imprecision---serious 

imprecision (based on 

the outcome, use of area 

under the curve) 
Publication bias---
undetected 

Large consistent effect---
not observed 

Dose response---not 

observed 

Confounders only 
reducing size of effect---
not observed 

++++ 
High 
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CHAPTER III 

COMPARISON OF DIETARY ASSESSMENT METHODS 

Introduction 

Dairy foods are animal milk-derived products (Barrubes et al., 2018), available as 

solids or liquids, and are fermented or non-fermented. Milk, cheese, and yogurt are the 

most frequently consumed dairy products (Soedama-Muthu & Guo, 2020). Like other 

foods, measuring the consumption of dairy products can be challenging during dietary 

assessments because individuals must document or recall their food in natural, 

unrestrained settings. In some instances, assessment requires the guidance of trained 

personnel to estimate the amount and frequency of the foods and nutrients consumed 

correctly (Martin et al., 2014). Estimating consumed food is more difficult for fluid-based 

foods than solid foods because fluids take the shape of containers (Amoutzopoulos et al., 

2020). However, dietary intake measurement has become a crucial epidemiologic tool 

relevant to healthcare delivery. The relationships between food intake and health 

conditions have been established using dietary intake assessment instruments (Park et al., 

2018). 

There are multiple ways to measure dietary intake (Shim et al., 2014). This review 

considers the strengths and weaknesses of the different nutritional assessment 

instruments, such as the 24-hour dietary recall, the food record, the food frequency 

questionnaires (FFQ), and diet screeners. The author presents a rationale for the most 

appropriate measure for collecting data on dairy consumption in people diagnosed with 
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metabolic syndrome. The selected measure is a diet screener used to assess the 

consumption of specific portions of diet over time.  

The 24-hour Dietary Recall 

The 24-hour dietary recall measures foods and drinks consumed in the past 24 

hours of a given day (DeBiasse et al., 2018). This method of food assessment uses open-

ended questions, which allow respondents to provide detailed information about what 

they have consumed, the time of day of consuming the food, and how they prepared food 

(Thompson et al., 2015). Since the recall is relatively short, responders can estimate the 

portion sizes of food consumed in absolute rather than relative terms (DeBiasse et al., 

2018). For this reason, it is the “least biased of the self-report instruments, including the 

food record, the FFQ, and the screeners (Thompson et al., 2015; p. 1991).” However, to 

obtain representative dietary information from respondents, it is recommended that 

respondents provide more than one recall on different and non-successive days, with 

some scholars suggesting six to nine recall days, especially in the adolescent population 

(St. George et al., 2016). The multiple days’ 24-hour recalls help to account for the 

changes in food consumed on different days, seasons, and occasions (Knüppel et al., 

2019).  

Typically, a trained interviewer administers the 24-hour dietary recall and guides 

respondents. This tool reduces the burden of reading through the questions, helping 

individuals with lower literacy levels provide food consumption information to the 

interviewer (Hughes et al., 2017). Another vital advantage the 24-hour dietary recall 

possesses over the other forms of measure is fewer measurement errors (Hewawitharana 

et al., 2018). Measurement error occurs when there is a discrepancy between the observed 
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and the actual value (Thompson et al., 2015). It is somewhat prone to random errors 

(where there is an issue with measurement accuracy, but it does not necessarily alter the 

sample average,  

However, some challenges come with using the 24-hour dietary recall measuring 

instrument. Chief among these challenges is cost (Subar et al., 2020). The cost of using 

the 24-hour dietary recall instrument comes from the training and use of interviewers to 

collect and code data. Nevertheless, this challenge has been mitigated with the advent of 

automated self-administered devices such as the National Cancer Institute’s (NCI) 

automated self-administered 24-hour dietary assessment tool (Subar et al., 2012; Hughes 

et al., 2017). However, measures like the ASA24 do not eliminate the participant burden 

associated with repeating the data collection procedure on up to nine different days to 

obtain a representation of the food consumed (St. George et al., 2016). In addition, 

eliminating the role of interviewers results in excluding individuals with lower literacy 

levels who cannot use automated instruments like the ASA24 (Hughes et al., 2017). The 

24-hour dietary recall depends on “episodic memory,” where specific events are required 

to provide details of the food consumed (DeBiasse et al., 2018; p. 301).    

The Food Record  

The food record is a prospective dietary assessment tool that records food 

consumption in real time, including the time of the day and details about food preparation 

(Park et al., 2018). Data are collected over more than one day, with some studies 

suggesting three days while others suggest four days. Data can be collected on 

consecutive or nonconsecutive days (Subar et al., 2020; Akimoto et al., 2019). The 

reliance on real-time recording reduces the dependence on memory, which reduces the 
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risk of recall bias. The amount of food consumed can be recorded by estimation based on 

portion size aides or by weighing using a weighing scale (NCI, 2020). This instrument 

possesses qualities similar to the 24-hour dietary recall measuring instrument (Subar et 

al., 2020). It has fewer measurement errors and is less prone to systematic bias (i.e., a 

measurement error where the observed value and the actual value are consistently broad, 

affecting the sample mean; NCI, n.d.). However, the food record is self-administered, 

unlike the 24-hour food measure (NCI, 2020).   

The food record measure shares some common limitations with the 24-hour 

dietary recall. Cost of use is a significant drawback for the food record measuring tool, 

especially for the coding of data collected (Subar et al., 2020). The reason is that, for the 

most part, the measure is paper-based, open-ended, and handwritten (Park et al., 2018). 

For this reason, the food record measure is not practical for use in a larger sample size 

(Akimoto et al., 2019). A food record may not necessarily record an individual’s 

“habitual” dietary intake (Takechi et al., 2018; p. 460; Akimoto et al., 2019). 

Respondents tend to change their dietary behavior during food record data collection 

because of the awareness that food intake is being monitored. This behavior change is 

known as reactivity bias (Ji et al., 2020). In weight reduction efforts, this bias can be 

positive.  

The Food Frequency Questionnaire (FFQ) 

The FFQ is a self-administered dietary assessment instrument that measures food 

consumed over a more extended period, typically a month or a year (Shim et al., 2014). 

With the ability to capture food consumed over a long period, the FFQ can characterize 

the regular diet of respondents (Takechi et al., 2018). In addition, the FFQ measures the 
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frequency of food taken and sometimes collects information on the portion sizes of those 

foods (Thompson et al., 2015). It covers a wide range of food and drinks, typically 

including 100-200 food items (DeBiasse et al., 2018).  

The FFQ is the preferred measure for epidemiological studies on chronic diseases 

compared to the 24-hour dietary recall and the food record. The FFQ helps assess long-

term exposure to diets attributed to health conditions (Shim et al., 2014). The FFQ is the 

measure of choice for measuring dietary intake in a large sample size. However, it is not 

because it is the most accurate. Instead, it is challenging to use either food records or 24-

hour dietary recall in terms of the cost and the coding of data (Subar et al., 2020). The 

challenge with measurement errors stems from its reliance on long-term memory (Shim 

et al., 2014). Respondents must calculate the frequency of food intake from the past 

month or year. Respondents are required to estimate portion sizes from the past. All these 

culminate in a measurement outcome of either a lower or higher estimate of the food 

consumed (Kirkpatrick et al., 2017). These cascading errors lead to a systematic error that 

causes a deviation from the actual value (Thompson et al., 2015). While these 

biases/errors are valid for the FFQ, studies regarding underestimating energy and proteins 

have revealed similar challenges with both the 24-hour dietary recall and the food record 

instruments. Evidence points to the underestimation of energy and protein intake when 

24-hour dietary recall and food records were validated with the doubly labeled water 

(DLW) and urinary nitrogen, respectively. The 24-hour dietary recall underestimated 

energy by 3 to 34% and ranged from 11% to 28% for protein. Dietary data obtained with 

the food record underestimated protein and energy by 4 to 37% (Thompson et al., 2015). 
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A significant challenge in using FFQ is respondents not completing all the 

questions on the instrument (Shim et al., 2014). This challenge is attributed to the number 

of items on the FFQ, which takes significant time to complete (DeBiasse et al., 2018). 

Serra-Majem et al. (2009) term this challenge of not finishing the FFQ as a “fatigue 

response (p. S50).” Another weakness of the FFQ is the inability to assess seasonal foods 

consumption because respondents might not consistently consume some of the foods on 

the list. Seasonal foods are not readily available and, therefore, not consumed frequently 

(Shim et al., 2014). However, this challenge is its strength because the FFQ can capture 

episodically consumed foods (Thompson et al., 2015). Nevertheless, the issue with the 

number of items on the FFQ has led to the recommendation that FFQs with a shorter list, 

like the screeners, where items focus on a particular portion of the diet, be used in 

research (Thompson et al., 2015).  

The Screeners 

The screeners are short dietary measures that assess specific diet portions for a 

month or a year (Thompson et al., 2015). They are shorter adaptations of the FFQ 

(Bleiweiss-Sande et al., 2017). Screeners possess many of the characteristics of the FFQ, 

including some of the FFQ advantages and disadvantages (Thompson et al., 2015). Like 

the FFQ, the screeners face measurement errors and recall bias (Thompson et al., 2015). 

However, with limited items, screeners do not have challenges like the fatigue response 

associated with the FFQ (Serra-Majem et al., 2009). It can take less than 15 minutes to 

complete (Thompson et al., 2015). Screeners can be adapted to accommodate the eating 

habits of a particular group of people (Bleiweiss-Sande et al., 2017). Screeners can be 

used in every research method but are more appropriate for assessing food consumption 
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in a cross-sectional study because they can provide a snapshot of food consumed among a 

population at a specific time (Thompson et al., 2015). Screeners are used as behavioral 

questionnaires to assess general dietary practices, sometimes presented as true or false 

questions. The other nutritional instruments do not offer these features (Thompson et al., 

2015). A summary of the strengths and weaknesses of the dietary assessment is in Table 

3. 

Instrument Selection  

Different dietary assessment measures and research methods can be used for 

various reasons. Akimoto et al. (2019) suggest food record may be used to assess actual 

food consumption because it measures food in real-time. They argue that the food record 

is appropriate for a randomized clinical trial (RCT) study. The data generated during the 

study period can be a reference during the analysis of components of investigational 

products (Akimoto et al., 2019). Studies point to the effect of the 24-hour dietary recall in 

describing the diet of a population. The 24-hour dietary recall is appropriate for 

evaluating the average consumption of a population (Thompson et al., 2015). Therefore, 

the 24-hour can estimate, on average, the food most consumed on a particular day which 

makes it appropriate for cross-sectional research (Thompson et al., 2015). The FFQ is the 

most appropriate measure to assess dietary consumption in the past, where specific 

details are hard to recall (Thompson et al., 2015). Thompson et al. (2015) suggest that the 

dietary screener can be used for all research methods when assessing frequency 

information for specific food consumption. However, the screener is most appropriate 

when the dietary assessment does not estimate energy consumption (Thompson et al., 

2015).  
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One of the aims of this study was to assess the consumption of dairy products and 

whether adult metabolic syndrome patients met the daily dairy recommendation in the 

past month. To achieve the research aim, dairy products' frequency, and serving size had 

to be measured. A 24-hour dietary recall can be used to assess those who meet the daily 

dairy recommendation and will require respondents to give details of dairy consumed in 

the past 24 hours on a random day. However, assessing for recommendation on any day 

may not capture habitual dairy consumption (St. George et al., 2016). Individuals who 

did not consume dairy products in the past 24 hours would have missing data. Food 

records will produce similar data to 24-hour dietary recall and miss data for the days 

dairy products were not ingested. The food record will not provide enough data to capture 

habitual dairy consumers. The FFQ will include other items that may not be relevant to 

dairy products, increasing the burden on respondents (DeBiasse et al., 2018 

The dietary screener is the most appropriate instrument for measuring dairy 

consumption among individuals diagnosed with metabolic syndrome. Because it provides 

respondents with the options of frequency and the serving size for a specific food type of 

interest, dairy products. The data required will not be used to estimate the energy 

consumed by respondents (Thompson et al., 2015).  In addition, using the screener to 

assess the frequency and serving size of dairy product consumption was cost-effective 

compared to the other instruments. Screeners provide an avenue to collect data within the 

shortest possible time without burdening respondents, even without cash or material 

rewards.  

Reviewing the Selected Measure for the Survey 
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The screener used in this study was adapted from the validated National Cancer 

Institute’s (NCI) diet history questionnaire (DHQ) III. The DHQ III is a food frequency 

questionnaire released in 2018 to update the DHQ I & II and used for adults of ages 19 

and above. The DHQ III is a 135-item food and beverages and 26 dietary supplement 

question. The validity and reliability of the DHQ III are based on the validity and 

reliability studies conducted on the DHQ I because they both have similar methods for 

collecting data on food consumption (Subar et al., 2001). In a study to assess the validity 

of the DHQ, Thompson et al. (2002) observed that it was more accurate than the NCI’s 

Block Health Habits and History Questionnaire (HHHQ) because the DHQ asked about 

individual foods during the HHHQ nested foods together. Subar et al. (2001) compared 

the DHQ to the Block FFQ and the Willet purple form FFQ with 24-hour recall as a 

validation reference. They observed that the DHQ was as good as the Block FFQ and 

better than the Willet FFQ, measuring energy intake with correlations of 0.48, 0.45, and 

0.18, respectively, for women and 0.49, respectively 0.45, and 0.21, respectively, for 

men.  

The screener could collect a long-term retrospective diet history on specific diet 

portions from one to 12 months (Thompson et al., 2015). In this study, individuals with 

metabolic syndrome provided information about their previous dairy product 

consumption over the past month, adapting the components of the DHQ III that enquire 

about dairy consumption. 
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Table 3 

Comparing the Different Dietary Measures 

Measures Strengths  Weaknesses  
24-hour recall  Short-term memory 

recall 
 Requires trained 

personnel to 
administer  

 Reduced chances of 
recall bias 

 Depends on episodic 
memory 

 Uses open-ended 
questions 

 Possible interviewer 
bias  

 Provides contextual 
details: quantities of 
food   

 Expensive and time-
consuming  

 The least biased of 
the self-report 
instruments    

 Multiple days are 
required to assess 
the usual intake   

 Few measurement 
errors 

 

Dietary/food 
record 

 Prospective: does 
not rely on the 
memory   

 Costly: repeated 
measurement, data        
entry, and analysis   

 No recall biases    Time-consuming 
 Open-ended 

questions  
 Reactivity bias: 

change in dietary 
behavior 

 Provides contextual 
details  

 Multiple days are 
required to assess 
the usual intake 

 provides accurate 
quantities  

 

 No interviewer 
required  

 

 Use for validating 
FFQ  

 

 Few measurement 
errors 

 

FFQ  Low cost    Use of fixed lists of 
foods with closed-
ended questions  

 Capability to 
characterize the 

 The effect of 
memory (recall bias)  
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Measures Strengths  Weaknesses  
usual diet in the past 
up to a year  

 Captures 
episodically 
consumed foods  

 difficulties in portion 
size estimation 

 Mostly be self-
administered  

 Measurement bias: 
under/over 
estimation of portion 
sizes 

 Minimize the risk of 
interviewer bias   

 Systematic error: 
deviation from true 
values 

 Can be focused on 
both whole diet and 
nutrients  

 Interpretation of 
questionnaires    

 Can be administered 
to a large population 
at a time  

 Does not capture 
details of food  

   Fatigue response 
Screeners  Low cost   Use of fixed lists of 

foods with closed-
ended questions  

 A shorter list of 
items 

 The effect of 
memory (recall bias)  

 Can be completed in 
a short time 

 difficulties in portion 
size estimation 

 Mostly be self-
administered  

 Measurement bias: 
under/overestimation 
of portion sizes 

 Minimize the risk of 
interviewer bias  

 Systematic error: 
deviation from 
actual values    

 Focusses on a 
portion of the diet 

 Does not capture 
details of food  

 Can be administered 
to a large population 
at a time  

  

 

Adapted from “Dietary Assessment Primer, Comparing dietary assessment instruments,” 

by National Institutes of Health, National Cancer Institute. 

(https://dietassessmentprimer.cancer.gov/).  
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CHAPTER IV 

BARRIERS AND FACILITATORS OF DAIRY CONSUMPTION AMONG 

INDIVIDUALS WITH METABOLIC SYNDROME 

Background/Significance 

About 35% of the United States adult population meets the criteria for metabolic 

syndrome, representing about 85 million individuals (Moore et al., 2017; Ramphal et al., 

2014). Dairy product consumption has been shown to protect against metabolic syndrome 

development. In those with the syndrome, it reduces their risk of complications such as 

developing type 2 diabetes mellitus, cardiovascular diseases, and cancer (Babio et al., 

2015; Martins et al., 2015).  

However, in the general population, about 90% of Americans in the U.S. do not 

meet the daily dairy consumption recommendation (USDA, 2020). The recommended 

intake of dairy products is three cup-equivalents in a day. A cup equivalent is one cup 

(about 8 ounces) of milk or yogurt, one and a half ounces of natural cheese, or two 

ounces of processed cheese (USDA, 2020). Previous studies attribute low dairy 

consumption to many factors, with lactose intolerance being the major contributor 

(Brown-Riggs, 2016; Barr, 2013; Nicklas et al., 2011). Other barriers include cost, taste, 

the lack of knowledge about the recommended levels, and the lack of knowledge about 

dairy’s health benefits. Another significant barrier to consuming dairy is the perception 

that all milk products are fattening (Mobley et al., 2014; Nicklas et al., 2013). Some 

individuals do not consume dairy products because of their nutritional culture (Mobley et 
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al., 2014), and such individuals did not grow up with dairy products as their food staple. 

Others believe there is no need for dairy products in adulthood because dairy is more 

beneficial to children. The taste of some dairy products was identified as a barrier, 

although this barrier is peculiar to low-fat milk (Mobley et al., 2014).  

Conversely, among individuals who consume dairy products, the facilitators 

include the affordability, accessibility, and availability of dairy products (Nicklas et al., 

2013). Another enabler of dairy product use is the health benefits such as bone health, 

and this health benefit prompts some older adults to consume dairy products (Park et al., 

2019; Mobley et al., 2014).  

Studies about metabolic syndrome patients and dairy consumption are usually 

randomized clinical trials (RCT). Participants are given dairy or its derivatives as an 

investigational product (Vien et al., 2019; Schmidt et al., 2021a). This research approach 

likely results in the participants practicing good health behaviors to get the best outcomes 

since they know their activities are monitored. Other study approaches assess individuals' 

dairy consumption over time in prospective and cross-sectional studies (Trichia et al., 

2020; Jin & Je, 2021). The prevalence of the metabolic syndrome is then assessed for 

differences in dairy consumption over a specific period. 

However, data about dairy consumption among individuals diagnosed with 

metabolic syndrome is scarce. There is not enough information about whether these 

individuals meet the daily dairy consumption recommended by the Dietary Guidelines for 

Americans 2020 (United States Department of America, USDA, 2020). Yet, this group 

will most likely benefit from the protective effect of dairy consumption against metabolic 
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syndrome and subsequent health complications, such as heart diseases, cancers, and 

diabetes mellitus.   

Therefore, this study aims to assess dairy product consumption and explore the 

factors that hinder or enhance their consumption among individuals with metabolic 

syndrome. A vital concept of the Health Promotion Model is the perceived barriers to 

action (defined as “the perceptions of blocks, hurdles, and personal costs of undertaking a 

health behavior” Pender, 2011, p. 4). This concept, in part, can elucidate why individuals 

do not undertake specific health-promoting behaviors (Khoshnood et al., 2018). 

Specific Aims: 

1. To determine if individuals with metabolic syndrome meet the daily dairy 

consumption requirement; 

2. To explore the relationship among biological or sociocultural factors and meeting 

the daily dairy consumption recommendation;   

3. To determine the barriers to and facilitators of dairy consumption; and 

4. Determine predictors of dairy consumption in people with metabolic syndrome. 

Research Questions:  

1. Do adults living with metabolic syndrome meet the daily recommendations for 

dairy consumption? 

2. Do age, sex, race, income, and education level predict dairy consumption (ability 

to meet the recommendation) among individuals with metabolic syndrome? 

3. What factors facilitate or hinder the consumption of dairy products among adult 

metabolic syndrome patients? 
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Using the HPM theoretical framework as the research guide, the fundamental 

concept of interest, perceived barriers of action was used to assess the hindrances to 

consuming dairy products. The relationship between personal factors and daily dairy 

consumption was explored. Figure 3 shows a conceptual framework adapted from the 

HPM theoretical framework (in Figure 2) delineating the influence of perceived barriers 

and personal factors on behavioral outcomes. 

The concept of perceived barriers to and facilitators of dairy consumption was 

measured with an investigator-developed questionnaire reviewed and approved by the 

Dissertation Committee of the investigator. For each dairy product, respondents were 

required to respond to statements by selecting potential barriers and facilitators to 

determine the extent to which they agreed or disagreed they hindered or enhanced dairy 

consumption (Appendix A).  

Methods 

A cross-sectional survey design was used to assess respondents’ dairy 

consumption in the past month and assess the perceived barriers to and facilitators of 

consuming dairy products.  

Sample and Recruitment 

A convenience sample (N=180, aged 18 years and above) diagnosed with 

metabolic syndrome or who met the criteria for metabolic syndrome. The required 

sample size was calculated from an online power analysis application (Statistic Kingdom, 

n.d.). With a power of 0.80, significance level α = 0.05, and eight predictors, the study 

required a minimum sample size of 114 to detect a moderate effect size of 0.30 for 

multiple regression analysis. The estimations for the effect size, significance level, and 
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power used in the sample size calculation were adapted from previous studies (Polit & 

Beck, 2021). Ten additional individuals were added to enhance the chances of obtaining 

the sample size (N =124) should they decide not to complete the entire questionnaire. 

 The online recruitment platform was necessary because the COVID-19 pandemic 

had significantly restricted participant recruitment via typical venues. The 

ResearchMatch online platform has over 157,000 volunteers and is accepted by the 

institutional review boards (IRB) of 187 institutions, including the University of 

Louisville (Harris et al., 2012). A feasibility study on the online platform revealed about 

280 volunteers diagnosed with metabolic syndrome and about 1480 volunteers who met 

at least two of the five metabolic syndrome criteria.   

Eligibility Criteria 

Inclusion criteria for participants were (a) age 18 years and older; (b) being able 

to speak, read, and write English; and (c) meeting criteria for metabolic syndrome as 

defined by the joint scientific statement on metabolic syndrome:  

1) elevated waist circumference (≥88 cm for women and ≥102 cm for men), 2) 

elevated triglycerides (≥150 mg/dL) or drug treatment for elevated triglycerides, 

3) low HDL cholesterol (<40 mg/dL for men and <50 mg/dL for women) or drug 

treatment for low HDL cholesterol, 4) elevated blood pressure (systolic ≥130 mm 

Hg, or diastolic ≥85 mmHg, or both) or antihypertensive drug treatment for a 

history of hypertension, and 5) elevated fasting glucose (≥100 mg/dL) or drug 

treatment for elevated glucose. (Moore et al., 2017; p. 2) 

Protection of Human Subjects 
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 The University of Louisville’s Human Subjects Protection Program (HSPP) 

officially approved the dissertation with IRB #22.0070 on March 8, 2022. ResearchMatch 

required proof of the Human Subjects Protection Program office’s clearance to conduct 

the study and had research liaisons from the University of Louisville’s HSPP corroborate 

this approval. Recruitment started after obtaining these ethical clearances. 

Study Design 

This study was conducted to answer the three questions as stated in Chapter 1. To 

answer Question #1, “How often do adult metabolic syndrome patients consume dairy 

products?” the questionnaire adapted from the DHQ III asked individuals living with 

metabolic syndrome to provide information about their dairy consumption in the past 

month. The survey included queries about the frequency and portion size of the dairy 

product consumed. (Appendix A). Data for Question #2, “Do age, sex, race, income, and 

education level predict dairy consumption (ability to meet recommendation) among 

individuals with metabolic syndrome?” were collected using variables adapted from the 

National Health and Nutrition Examination Survey (NHANES) 2017-2018 data 

documentation, codebook, and frequencies (2020). Question #3, “What factors facilitate 

or hinder the consumption of dairy products among adult metabolic syndrome patients?” 

was answered using an investigator-developed questionnaire (Appendix A). 

Reviewing the Survey Content 

The survey used for collecting data had three components, the demographic 

section, the dairy consumption section for each dairy product, and the barriers and 

facilitators section for each dairy product. The dietary screener was selected because it 

was appropriate for this cross-sectional study, providing respondents with options for 
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selecting the relevant frequency and serving sizes for each dairy product they had 

consumed in the past month. And there was no need to estimate the energy consumed by 

respondents (Thompson et al., 2015). The short nature dietary screener made adding the 

other sections of the survey easier to help respondents answer the questionnaire without 

being overburdened by the number of items to respond to. 

A self-reported demographic information questionnaire was adapted from the 

NHANES (2020) 2017-2018 data documentation, codebook, and frequencies. It included 

age, race, sex, educational level, and annual household income. Age was measured as a 

continuous variable in years. Race had five categories: Mexican American, Non-Hispanic 

Black, Non-Hispanic White, Other Hispanic, and Other races. Other races in this context 

meant non-Hispanic Asians and non-Hispanic multiracial groups. Education level had 

five categories: Less than 9th grade, 9th -11th grade, High School graduate/GED, some 

college or associate degree, and college graduate or above. There were seven categories 

for annual household income, including Less than $20,000; $20,000 to $29,999; $30,000 

to $39,999; $40,000 to $49,999; $50,000 to $59,999; $60,000 to $69,999; and above 

$70,000 (NHANES, 2020). These demographic factors were selected because they 

measured the personal factors stated in the HPM theoretical framework underpinning this 

study. Inclusion in the survey was supported by previous evidence, which points to the 

influence of age, sex, race, education level, and income level on dairy consumption 

among the general population. Evidence in epidemiological studies suggests that age can 

influence the consumption of dairy products Kyung Won and Wookyoun (2017). Other 

studies observed that even among those who consumed dairy products, age determined 

the type of product to ingest (Lago-Sampredo et al., 2019). Nicklas et al. (2011) observed 
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a more perceived lactose intolerance pattern in females than males. A similar observation 

was made for race, as more non-Whites perceived lactose intolerance than Whites, which 

became a barrier to consuming milk (Nicklas et al., 2011). Another study observed 

education level influenced people’s choice of the fat contents of dairy products. Those 

with a college education chose low-fat dairy compared to those without a college 

education (Robb et al., 2007). In the same study, individuals with a lower income level 

were less likely to consume low-fat dairy products (Robb et al., 2007).  

The final part of the survey measured perceived barriers to and facilitators of 

dairy consumption. An investigator-developed questionnaire was reviewed and approved 

by the Dissertation Committee. Reviewing the literature, the factors to measure perceived 

barriers and facilitators of dairy consumption were identified (Brown-Riggs, 2016; 

Mobley et al., 2014; Barr, 2013; Nicklas et al., 2013; Nicklas et al., 2011). But these 

factors were assessed in different populations and were included to be tested among 

metabolic syndrome patients. 

The study participants were recruited from the ResearchMatch online platform. 

The platform provided respondents access to the survey. Participants had access to the 

survey on RedCap directly from ResearchMatch, and data were downloaded in Microsoft 

Excel and SPSS formats for analyses (Harris et al., 2012). 

Data Analysis 

Quantitative data were analyzed using the Statistical Package for the Social 

Sciences (SPSS) software version 29 (IBM Corp., Armonk, New York). The data 

included demographic information, the frequency and serving portion of dairy products 

consumption, and the barriers and facilitators to dairy consumption. The data provided 
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descriptive statistics, which were then analyzed to answer each of the three research 

questions. The analysis included the demographic background (i.e., age, sex, education 

level, and household income) of respondents and the variable that confirms whether 

respondents met the daily dairy recommendation (Appendix A). 

Finally, the third research question was analyzed using regression analysis. 

Multiple regression was conducted to explore the relationship between the factors that 

measured the perceived barriers and facilitators and the number of cup equivalents 

consumed per day for each dairy product. The factors that measured the perceived 

barriers were lactose intolerance (milk only), knowing the recommended amount, cost, 

and taste; dairy is fattening; dairy not an important part of the diet, and dairy is beneficial 

to kids. The factors that measured the perceived facilitators included affordability, 

difficult accessibility, availability, and awareness of health benefits. The full detail of 

these factors is in Appendix A. 

Aim 1: Dairy Recommendations 

 The dairy products included in the analysis were milk, yogurt, and cheese. These 

are the products that fall within the recommendations from the United States Department 

of Agriculture (USDA). The recommended intake of dairy products is three cup-

equivalents a day. A cup equivalent is one cup (8 ounces) of milk or yogurt, one and a 

half ounces of natural cheese, or two ounces of processed cheese (USDA, 2020). A series 

of analyses were conducted to check for respondents who met the recommendation. First, 

the number of times each product was consumed in the past month was calculated. The 

average of each answer option in the survey, requiring the number of times each product 

was consumed, was calculated. Then the amount of the product consumed was expressed 
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in ounces. The amount of dairy consumed for each day was calculated by multiplying the 

number of times and the amount whenever consumed and dividing them by 30 days 

(# 	
 ��
�� ∗  �
	���)

��
 = Amount consumed per day. Secondly, the number of cups 

consumed per each dairy product was calculated by dividing the amount consumed per 

day by 8 ounces for milk and yogurt and 1.5 ounces for cheese: 

�
	��� �	���
�� ��� ��� (	�)

� 	� �.  	�
∗ 1 "#$ = # of cups consumed per day. Finally, the number of 

cups consumed for each dairy product was summed up to check for respondents who met 

the recommendation: # of cups consumed per day (milk) + # of cups consumed per day 

(yogurt) + # of cups consumed per day (cheese) = Recommended amount. Respondents 

who had at least 3 cups of dairy consumed were considered as meeting the dairy 

recommendations per day. In contrast, those with fewer than three did not meet the daily 

dairy recommendation. 

Aim 2: Biological or Sociocultural Factors and Dairy Recommendation 

 A simultaneous logistic regression analysis was conducted to test the model that 

predicted the outcome of meeting the daily dairy consumption recommendation. The 

demographic data (i.e., age, race, sex, educational background, and annual household 

income) were the predictor variables, with age, sex, and race constituting the biological 

variables and education and income representing the sociocultural variables. Race, 

educational background, and annual household income were each re-coded into two 

categories. The re-coding for each variable was necessary after the frequency analysis 

revealed the data were not evenly distributed and were negatively skewed. Therefore, 

race was categorized into Whites and non-Whites. The education level was categorized 

into those with no college education and those with a college education or above. The 
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household income categories were those earning below $70,000 and those earning 

$70,000 and over annually, based on the U.S. median household income (Semega & 

Kollar, 2022). The outcome variable was the daily dairy recommendation, which had two 

categories: respondents who met the recommendation for daily dairy consumption and 

those who did not. Details of the creation of this variable are described above (Aim 1). 

Aims 3 & 4: Perceived Barriers and Facilitators 

 The perceived barriers to and facilitators of dairy consumption were assessed by 

conducting a frequency analysis to determine the number of respondents who estimated 

to what extent they agreed or disagreed with a statement about each dairy product. 

Simultaneous multiple regression analyses were conducted to explore the relationships 

between the factors that measured the perceived barriers and facilitators and the number 

of cup equivalents consumed daily for each dairy product. The factors that measured the 

perceived barriers were lactose intolerance (milk only), knowing the recommended 

amount, cost, and taste, fattening, dairy not being an important part of diet, and dairy 

being beneficial to kids. The factors that measured the perceived facilitators included 

affordability, difficult accessibility, availability, and awareness of health benefits. The 

details of these factors can be found in Appendix A.  

For each dairy product, the factors that measured the barriers and facilitators to 

consuming became the predictors, and the number of cups consumed for each product 

was the outcome. ANOVA was conducted to determine if there is a linear relationship 

between each set of factors measuring the barriers or the facilitators and the number of 

cups of their corresponding dairy product consumed in a day. The hypotheses for these 

were as follows:  
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Null hypothesis: hypothesized that the overall set of factors measuring the barriers and 

facilitators of each dairy product will be equal to zero.   

i.e., H0: �1 = �2 = · · · = �k = 0         

Alternate hypothesis: hypothesized that at least one of the factors measuring the barriers 

to and facilitators of each dairy product will not be equal to zero. 

H1: �j ≠ 0 for at least one j, where j = each factor that measured perceived barriers or 

perceived facilitators. 

Results 

The total number of participants who responded to the online survey was 180, 

with an average age of 37.8 (SD±10.6) years. The majority of respondents were males 

(71.1%), identified as Whites (88.3%), and had some college education or an associate 

degree (83.3%). Most respondents (84.4%) reported living in a household with an income 

of at least $50,000 annually. The participants' average body mass index (BMI) was 25.3 

(SD±10.23) kg/m2. Most respondents (52%) had a normal BMI; 11.9% were 

underweight, 19.8% were overweight, and 16.4% were obese. Detailed demographic data 

and BMI categories of the participants are presented in Table 4.  

Aim 1 - Dairy Recommendation 

The mean milk intake among respondents was 2.38 (SD ± 2.67) cup equivalents 

per day. This amount suggests that if respondents consumed milk alone each day, they 

would be less than a cup away from meeting the daily dairy consumption 

recommendation. The average yogurt intake in this sample was 0.54 (SD ± 0.52) of a cup 

equivalent per day, and the respondents averaged about two (2.02; SD ± 1.98) cup 

equivalents/oz/slices of cheese per day. The average total amount of dairy consumed by 
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respondents was 4.95 (SD ± 4.58) cups per day. About 48.9% of the respondents met the 

USDA dairy recommendation of three cups daily. Among participants who completed the 

daily dairy recommendation, about 78.4% were males, 86.4% were Whites, 97.7% had at 

least some college education, and 84.1% were from households with an annual income of 

less than $70,000 (Table 5). 

Aim 2 - The relationship between Demographic Factors and Daily Dairy 

Recommendation. 

 Based on the demographic data obtained, a logistic regressional analysis was 

conducted to assess the likelihood of meeting the daily recommendation for dairy 

products. The demographic variables included age, sex, race, level of education, and 

annual household income. The analysis revealed the model containing all demographic 

variables was statistically significant and was able to distinguish between respondents 

who met the daily dairy recommendation and those who did not (&2 [5, N = 180] = 58.31, 

p < 0.001). The model explained between 27.7% (Cox and Snell R2) and 36.9% 

(Nagelkerke R2) of variance in meeting the daily dairy consumption recommendation, 

correctly classifying 71.1% of cases. The analysis revealed three of the five demographic 

variables made a unique statistically significant contribution to the model. These were 

age, level of education, and annual household income. Of these three variables, the level 

of education was the strongest predictor for meeting the daily dairy recommendation.  

Respondents who reported having at least a college degree were 15.32 times more likely 

to meet the daily dairy recommendation (OR: 15.32, CI [3.28, 71.54], p < 0.001). 

Respondents from households with an annual income of less than $70,000 were 2.1 times 

more likely to meet the daily dairy recommendation than those with more than $70000 
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yearly household income (OR: 3.10, CI [1.36, 7.09], p = 0.007). Finally, one year 

increase in age resulted in 7.7% lesser odds of meeting the daily dairy consumption 

recommendation (OR: 0.92, CI [0.88, 0.97], p < 0.001). Details of the findings are in 

Table 6. 

Aims 3 & 4 - Perceived Barriers and Facilitators 

 The null hypotheses were rejected after ANOVA was conducted. The alternate 

hypotheses that at least one of the factors measuring the barriers to and facilitators of 

each dairy product will not be equal to zero were accepted. The p-values for each one of 

the analyses were less than 0.05 (p<0.001).  

Milk consumption 

The survey assessing the barriers to milk consumption among the participants 

with metabolic syndrome revealed that 126 (70%) respondents reported lactose 

intolerance. Respondents who did not know the recommended amount of milk to 

consume daily constituted 12.2%. About 33.3% responded, finding the milk cost 

relatively high, and 23.3% said they had difficulty with the milk taste. Participants who 

considered milk to be fattening constituted 30.6% of respondents. About 27.2% of 

participants noted milk was not essential to their diet. Finally, 25% of participants agreed 

with the statement that milk is beneficial to kids and not adults. 

On the other hand, respondents provided answers to what they perceived to be the 

facilitators of milk consumption. There were 159 (88.3%) respondents who found milk 

affordable. But 27.3% agreed they have difficulties accessing milk, and 164 (91.1%) 

participants answered they have milk available whenever needed. Lastly, 161 (89.4%) 
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respondents revealed they knew about the health benefits associated with milk 

consumption (Table 7). 

Relationship Between the Perceived Barriers and Facilitators, and Milk 

Consumption 

 A simultaneous multiple regression analysis revealed the factors measuring either 

the barriers to or the facilitators of consumption of each dairy product. The model, which 

included the seven factors measuring perceived barriers to consuming milk as the 

predictor variables, explained 31.8%, [R2 = 0.318, F (7, 172) = 12.91, p < 0.001] of the 

variance in the number of cups of milk consumed in a day (the outcome variable). The R2 

represents the effect size of the model. The effect size of this model was 31.8% and 

suggests the factors measuring perceived barriers to consuming milk had a significant 

impact on milk consumption (Hatcher, 2013). The analyses revealed no multicollinearity 

(Pearson correlation > 0.80) among these seven predictors measuring the perceived 

barriers to consuming milk. The lack of multicollinearity suggested that the factors 

measuring perceived barriers to drinking milk independently predicted the daily cups 

consumed. 

Both the Tolerance and Variance inflation factor (VIF) results revealed no 

predictor variable had values less than 0.10 (for Tolerance) or greater than 10 (for VIF), 

respectively. These results suggest how much of the variability of one predictor is 

explained by another predictor in the same model (Hatcher, 2013; Pallant, 2016). In this 

model, three of the seven factors were statistically significant, with the factor measuring 

“I know the recommended amount of milk to drink daily” making the highest significant 

unique contribution to explaining the number of cups of milk consumed in a day 
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(standardized beta (�) = 0.27, p < 0.001). This significant unique contribution suggests 

the factor that measures the perceived barrier to consuming milk contributes about 27% 

in predicting the outcome, the number of cups consumed daily, at p < 0.05 significance 

level. And beta (�) equals 27%, the standardized coefficient of the factor. However, the 

unstandardized beta (b) for this factor was 2.231, meaning there was a positive 

relationship between this factor and the number of cups of milk consumed daily. This 

figure 2.231 suggests respondents who knew the recommended amount of milk were 

likely to drink 2.231 times more cups of milk in a day than those who did not (Hatcher, 

2013; Pallant, 2016). The other two predictors that were statistically significant included 

the factors measured by “I find the cost of milk quite high” (� = 0.24, p = 0.003) and “I 

am lactose intolerant” (� = 0.23, p < 0.001). Both factors had positive relationships with 

the outcome with unstandardized beta b-values of 0.699 and 1.307, respectively. These 

values imply that those who strongly agreed that the cost of milk was relatively high 

consumed four times more cups of milk per day (4 * 0.699) than those who strongly 

disagreed with that statement.  Those who were lactose intolerant drank 1.307 more cups 

of milk per day than those who did not.  

The model that consisted of the factors measuring the facilitators for consuming 

milk predicted 34.3% of the variance in the number of cups of milk consumed in a day 

(R2 = 0.343, F (4, 175) = 24.38, p < 0.001), representing a large effect size of the factors 

on the outcome. This model did not violate the multicollinearity assumption with no 

variable having a Pearson correlation above 0.80, Tolerance below 0.10, and VIF above 

10. Out of the four predictors, three showed statistical significance at � = 0.05. The factor 

measured by “I have difficulties accessing milk” had the highest unique contribution to 
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explaining the number of cups of milk consumed in a day (� = 0.53, p < 0.001). The 

factor measuring “I find milk affordable” recorded a higher beta value (� = 0.27, p < 

0.001) than “Milk is available whenever I need it” (� = 0.22, p = 0.002). The B-values 

for these three factors indicated a positive relationship between the factors and the 

number of cups of milk consumed daily. Respondents who perceived having difficulty 

accessing milk had 1.52 cups more milk than those who did not have that perception. 

Those who strongly agreed that milk is affordable had 1.015 cups more milk than those 

who only agreed to that perception and four times more than those who strongly 

disagreed. The rest of the factors measuring perceived barriers to consuming milk are in 

Table 8. 

Yogurt Consumption 

Participants provided feedback on the factors considered hindrances to their 

yogurt consumption. About 13.9% of respondents reportedly did not know the 

recommended amount of yogurt. Regarding the cost of yogurt, 35.5% found the price 

quite high. Those who responded having difficulties with the taste of yogurt constituted 

about 17.8% of the respondents. While 26.1% of participants thought yogurt was 

fattening. Other barriers to yogurt consumption included whether respondents found 

yogurt to form an essential part of their diet and whether yogurt benefited children but 

not adults. The participants who agreed or strongly agreed constituted 32.2% and 24.4% 

of participants, respectively. However, respondents agreed or strongly agreed to the 

following factors perceived as facilitators of consuming yogurt: the affordability of 

yogurt (86.7%), having difficulties accessing yogurt (25%), the availability of yogurt 
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whenever they needed it (90%), and the awareness of the health benefits associated with 

yogurt consumption (88.3%). Further details of the results are in Table 9. 

Relationship Between the Perceived Barriers and Facilitators, and Yogurt 

Consumption 

The simultaneous multiple regression analysis was conducted to assess the 

relationship between the factors measuring the perceived barriers to consuming yogurt 

and the number of cups consumed daily. This analysis revealed the model comprising 

six-factor variables explained about 25.4% of the variance in the number of cups of 

yogurt consumed in a day (R2 = 0.254, F (6, 173) = 11.18, p < 0.001). With this value, 

the R2 predicts the model had a medium effect on the outcome. Two of the six factors 

revealed a statistically significant unique contribution to explaining the number of cups of 

yogurt consumed daily. These were factors measuring the perceived barriers to 

consuming yogurt and included “I know the recommended amount of yogurt to eat daily” 

(� = 0.29, p < 0.001) and “Yogurt is beneficial to children but not adults” (� = 0.28, p = 

0.002). Therefore, with a total beta value of 0.57, these two factors correctly predicted 

about 57% of the cups of yogurt consumed daily at a p < 0.05 significance level. The two 

factors showed a positive relationship regarding the number of yogurt cups consumed 

daily. Those who knew the recommended amount of yogurt for a day consumed about 

half a cup more yogurt than those who did not. Those who perceived yogurt to benefit 

children and not adults appeared to eat about 1.3 ounces more than those who thought 

otherwise.  

The model comprised four predictor variables that measured the perceived 

facilitators of yogurt consumption, explaining 14.4% of the variance in the number of 
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cups of yogurt consumed in a day (R2 = 0.144, F (4, 174) = 8.48, p < 0.001). With the R2 

value, the effect of the model on the outcome can be expressed as a medium effect. The 

factor measuring “I have difficulties accessing yogurt” was the variable in the model with 

a statistically significant and the strongest beta value (� = 0.39, p < 0.001). This factor 

that predicted the variance in the number of cups of yogurt consumed in a day did not 

violate the multicollinearity assumptions after the Pearson correlation values between 

predictors did not cross the threshold of 0.8, and no variable had a Tolerance and VIF 

value below 0.1 or above 10, respectively. Participants who agreed with this factor tended 

to consume 1.8 ounces more yogurt than those who disagreed. Details of the multiple 

regression results are in Table 10. 

Cheese Consumption 

Finally, 14.4% of respondents noted they did not know the recommended amount 

of cheese. Approximately 35% of the participants find the cost of cheese relatively high, 

and 22.8% encounter difficulties with the taste of cheese. About 30% of the respondents 

agreed or strongly agreed to find cheese fattening, and 27.3% reported cheese was not an 

essential part of their diet. Among the respondents, about 26.1% agreed or strongly 

agreed that cheese benefits children, not adults. 

On the statements that sought to identify the enhancers of cheese consumption 

among participants, the responses revealed that 84.4% find cheese affordable. About 

26.1% of respondents agreed or strongly agreed they have difficulties accessing cheese. 

Lastly, 86.7% had cheese available whenever needed, and 87.8% were aware of the 

health benefits of cheese consumption (Table 11).  
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Relationship Between the Perceived Barriers and Facilitators, and Cheese 

Consumption 

  A simultaneous regression analysis for both the sets of models for barriers and 

facilitators and the number of slices of cheese consumed in a day was conducted. The 

investigation revealed the six-factor variables explained about 14.8% (medium effect) of 

the variance in the number of slices of cheese consumed in a day (R2 = 0.148, F (6, 173) 

= 6.18, p < 0.001). The model had two of six variables with statistically significant 

unique contributions to explaining the number of cheese slices consumed daily. The 

factor measuring “I find cheese fattening” had the strongest unique contribution (� = 

0.36, p < 0.001), and the factor measuring “I know the recommended amount of cheese to 

eat daily” (� = 0.17, p = 0.026) was the other factor that showed statistical significance. 

The unstandardized beta b-values for the factors showed positive relationships with the 

outcome with 0.757 and 0.928 for the factor measuring “I find cheese fattening” and the 

factor measuring “I know the recommended amount of cheese to eat daily,” respectively. 

A b-value of 0.754 implies that those strongly perceiving cheese to be fattening 

consumed four times more (4*0.754=3.016) cheese slices than those who strongly 

disagreed. Those who knew the recommended amount of cheese to eat daily had about a 

slice of cheese more than those who did not know. 

The factors that formed the variables assessing the facilitators to consuming 

cheese revealed the model explained 23.3% (medium effect) of the variance in the 

number of slices of cheese consumed in a day (R2 = 0.233, F (4, 175) = 14.60, p < 0.001). 

The model had four variables, with three showing statistically significant unique 

contributions to explaining the number of cheese slices consumed daily. The factor 
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measuring “I have difficulties in accessing cheese” showed the strongest unique 

contribution (� = 0.43, p < 0.001). This factor showed a positive relationship with the 

outcome, with a B-value of 1.004. This value suggests those who agreed to have 

difficulties accessing cheese one more slice of cheese in a day than those who disagreed. 

The factor with the next highest beta value was “I find cheese affordable” (� = 0.23, p = 

0.004), and the factor measuring “Cheese is available whenever I need it” became the 

third with a statistically significant beta value (� = 0.19, p = 0.033). The two factors 

revealed a positive relationship with the outcome, the number of cheese slices consumed 

daily, with B-values 0.559 and 0.497, respectively. These indicate that those who find 

cheese affordable and available whenever they need it consumed about half a slice of 

cheese more than those who did not. The rest of the results from the simultaneous 

multiple regression can be found in Table 12. 

Discussion 

 This research was based on Pender’s health promotion model theory (HPM). This 

theory posits that perceived barriers to action can influence health-promoting behavior 

(McEwen, 2019). Another concept is that personal factors such as biological, 

psychological, and sociocultural factors appear to influence the outcome of health-

promoting behavior, according to the model (Peterson & Bredow, 2017). In this case, the 

health-promoting behavior is the consumption of dairy products. Chapter 2 of this 

dissertation established that consuming dairy products was a health-promoting behavior 

since it protects against the risk of metabolic syndrome. Therefore, this study aimed to 

assess if individuals living with metabolic syndrome met the USDA’s daily dairy 

recommendation in the 2020 Dietary Guidelines for Americans (DGA); and if there were 
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any relationship between perceived barriers, facilitators, or personal factors and their 

consumption of dairy products.  

Dairy Recommendation 

The consumption of dairy products has been declining in developed countries 

(Park et al., 2019). The USDA estimates approximately 10% of the U.S. population meets 

the recommendation for dairy consumption in a day (USDA, 2020). However, this 

research did not observe this trend among individuals with metabolic syndrome. Instead, 

about 49% of the convenience sample of individuals living with metabolic syndrome met 

the daily dairy consumption recommendation of three cups per day, according to the 2020 

Dietary Guidelines for Americans (USDA, 2020).  

The demographic makeup of the participants and the relatively small sample size 

in this study may explain the difference in estimates of people who meet the dairy 

recommendation for a day. Dairy consumption was positively associated with higher 

education levels. Participants with at least some college education or an associate degree 

were 15 times more likely to meet the daily dairy recommendation than those with a high 

or lower education level. A similar observation was made by Kyung Won and Wookyoun 

(2017), where individuals who met the daily dairy recommendation for Korea were more 

likely to be highly educated. Individuals at higher income levels tend to consume more 

dairy than those at lower income levels (Petherick, 2016). However, this statement was 

not consistent with the findings of this study sample. Instead, those with an annual 

household income of less than $70,000 were about three times more likely to meet the 

recommendation than those from households earning more than $70,000. 
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Meeting the dairy consumption recommendation has been associated with 

increasing age (Lago-Sampredo et al., 2019; Mena-Sanchez et al., 2018). Younger people 

tend to have competing meals, while older people do not have that challenge (Park et al., 

2019). However, in this group, an increase in age reduced the possibility of meeting the 

recommendation by about 7.7%. While this finding contrasts with some studies, other 

studies had similar results. Kyung Won and Wookyoun (2017) observed that individuals 

who met the daily dairy recommendation in their sample were younger than those who 

did not. 

Barriers and Facilitators to Dairy Consumption 

In this study, factors that measured perceived barriers determined milk, yogurt, 

and cheese consumption. The participants of this study knew the recommended amount 

to consume for all three dairy products, manifested in the number of cups of milk 

consumed in a day. Those who knew the amount to drink a day consumed over two cups 

more milk than those who did not. Similarly, those who knew the recommended amount 

of yogurt and cheese consumed more than those who did not. For yogurt, they consumed 

over three ounces more and almost a slice of cheese more than those who did not. In 

effect, most of the study participants did not find this factor as a barrier, but rather it 

facilitated their consumption of dairy products. This outcome contrasts with the findings 

of Nicklas et al. (2013), that observed that not knowing the recommendation hindered 

dairy consumption. The higher education level of respondents may explain this finding, 

as over 80% had at least an associate degree. 

The cost of milk and lactose intolerance were significant perceived barriers to 

consuming milk. However, these factors did not appear to be barriers when the number of 
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cups of milk per day was assessed. For instance, lactose intolerance was reported as a 

barrier by 70% of the respondents. But most participants who had this as a barrier had at 

least 1.3 cups more milk in a day than those who were not lactose intolerant. This 

observation contrasts with the findings that identified individuals who perceived lactose 

intolerance had lower calcium levels in their blood than those who did not (Nicklas et al., 

2011). Lactose intolerance is the most common hindrance and exclusively to milk 

consumption affecting about 65% of the global population (Walsh & Gunn, 2020). There 

are options for lactose intolerance, such as lactose-free and A2 milk (Mobley et al., 2014; 

Walsh & Gunn, 2020), but these options cost much more than others (Hess et al., 2020). 

However, the high cost of milk may not necessarily prevent milk consumption in adults 

(Mobley et al., 2014), and this was evident in this convenience sample where those who 

perceived the cost of milk to be relatively high had over half a cup more milk in a day 

than those who did not. Individuals can consume yogurt or cheese to meet their daily 

dairy recommendation as they have low to no lactose (Nicklas et al., 2011). 

The other perceived barriers related to yogurt and cheese consumption included 

the perception that yogurt was beneficial to children but not adults and the perception that 

cheese was fattening. However, most participants did not perceive them as barriers to 

consuming yogurt and cheese. When their responses were analyzed with how much they 

consumed, those who perceived yogurt was not beneficial to them consumed over an 

ounce more yogurt than those who perceived yogurt to be helpful. Similarly, those who 

thought cheese was fattening consumed almost a slice more cheese than those who did 

not. In contrast, Allen et al. (2017) found that those who believed there were fats in a 

dairy product were more likely to avoid consuming the product.  
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The most common facilitator of all three products was access to dairy products. 

For each product, most respondents noted they had no difficulty accessing them. 

However, when the number of cups consumed for each product was assessed, those who 

disagreed they had access consumed about a cup, a slice, or about two ounces more milk, 

cheese, or yogurt, respectively than those who had access to them. Respondents pointed 

to the affordability and availability of dairy products as the facilitators to consuming 

them, in this case, milk and cheese. All three factors were identified as enabling dairy 

product consumption (Nicklas et al., 2013). These assertions were manifested in their 

milk and cheese consumption, especially for affordability and availability. Those who 

thought milk was affordable and available consumed about a cup of milk more than those 

who did not. A similar observation was made for cheese, with respondents who found it 

affordable and available consuming about half a slice more than those who did not.   

Limitations 

This study had some limitations, the first being the cross-sectional study design. 

Therefore, a cause-and-effect inference cannot be drawn from the outcome. Respondents 

were recruited online, and their claim of having the diagnosis of metabolic syndrome or 

meeting three of the five components of metabolic syndrome could not be independently 

authenticated. However, in-person recruitment would have been more challenging, given 

the contract restrictions of the COVID-19 pandemic. Other clinics and offices had most 

of their clients online via telemedicine and accessing them was difficult. However, 

ResearchMatch was an effective recruitment platform for reaching out to the participants 

of this study (Harris et al., 2012).  
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Using the online platform led to the limitation of having a non-representative 

group of participants. Respondents were disproportionately White, young, well-educated, 

and had higher household incomes. A national survey on internet users found that 98% 

and 97% of adults in the U.S. with internet access have college degrees and associate 

degrees, respectively, compared to 86% of adults with high school or lower-level 

education (Pew Research Center, 2021).  

Another limitation is access to ResearchMatch by the general population. 

Individuals join the platform by their own volition. However even among individuals 

with internet access, not everyone knows what it is and the purpose it serves. There were 

challenges with bots and fraudulent individuals who were in for the incentives associated 

with participating in the study. These were corrected when emails that were provided as a 

part of receiving the incentives were required to provide their zip codes. The emails 

associated with the bots did not respond and those that were associated with the 

fraudulent individuals appeared to be the same. The respondents to associated with these 

emails were not included in the analyses of this research. However, the access to internet 

and to ResearchMatch, and the elimination of the responses associated with the bots and 

fraud may have resulted in a selection bias. Therefore, the findings of this study cannot 

be representative of the general population. 

This study did not consider the many different dairy products participants 

consumed. Such differentiation could have guided respondents to respond appropriately 

to their perceived barriers or facilitators to specific dairy products. For instance, lactose 

intolerance was identified as a barrier, but respondents who had that as a barrier 

consumed more milk. They may have consumed other milk products, such as lactose-free 
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or A2. But they could not differentiate their experiences from their current state since 

they had no option for selecting the type of dairy product consumed. Finally, the survey 

used to collect data on dairy consumption had biases that may have affected the outcome. 

Recall and measurement biases are the major ones associated with the dietary screener, 

which can lead to deviation from the actual values. Therefore, the investigator used 

approximations to assess participants who met the recommendation for dairy 

consumption. 

Conclusion  

Perceived barriers, perceived facilitators, and personal factors can predict the 

consumption of dairy products. Knowing the recommended amount of dairy products to 

eat and the availability of dairy products facilitates dairy consumption, and these factors 

must be considered for the promotion of dairy consumption. 

However, this study identified some challenges that may need further 

investigation. There were no differences between the perceived barriers and facilitators 

when they were related to the cups of dairy consumed in a day. Therefore, further 

analyses of the data are warranted to differentiate between the barriers from the 

facilitators to dairy consumption. Another study using other food measuring tools to 

assess previous dairy consumption is needed. Further research should be conducted to 

evaluate the reliability of the survey that measured the perceived barriers and facilitators. 

The findings of that study can identify the redundant factors to better measure the barriers 

and facilitators. 
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Figure 2 

Pender’s Health Promoting Model 

 

Adapted from Nola Pender Health Promotion Model, by Psych-Mental health hub: Essential resources, learning and support, 

n.d. (https://pmhealthnp.com/nola-pender-health-promotion-model/). In the public domain.  
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Figure 3 

Variables of Interest as Conceptualized within HPM 

Individual Characteristics   Behavior Specific Cognitive Affect Behavioral Outcome 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

Perceived 
barriers Health Promoting 

Behavior  

Dairy products 
consumption 

PERSONAL 

FACTORS 

Biological factors: 
sex, race, age 

Socio-cultural factors: 
level of income 

level of education 
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Table 4 

Description of Participants and Their BMI (N = 180) 

Variables n % 

Age  Mean (SD) 37.8 (±10.6) 
Sex   
   Male 128 71.1 
   Female 52 28.9 
Race   
   Mexican American 2 1.1 
   Other Hispanic 1 1.1 
   Non-Hispanic White 159 88.3 
   Non-Hispanic Black 16 8.9 
   Other Race 2 0.6 
Education   
    9-11th Grade 10 5.6 
    High School/GED Grad 20 11.1 
    Some college or AA degree 52 28.9 
    College Grad or Above 98 44.4 
Annual Household Income   
   <$20,000 3 1.7 
   $20,000 – 29,999 3 1.7 
   $30,000 – 39,999 8 4.4 
   $40,000 – 49,999 14 7.8 
   $50,000 – 59,999 45 25.0 
   $60,000 – 69,999 67 37.2 
   ≥$70,000 40 22.2 
 Body Mass Index (BMI)                        Mean (SD) 25.3 (± 10.23) kg/m2 
    Underweight 21 11.9 
    Normal Weight 92 52.0 
    Overweight 35 19.7 
    Obese 29 16.4 
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Table 5 

Description of Daily Dairy Consumption 

Dairy Product Mean Number of Cups Consumed per Day 
(SD) 

Milk                                                     2.38 (±2.67)  
Yogurt                                                 0.54 (±0.52)  
Cheese                                                 2.02 (±1.98)  
Total Dairy Consumed per Day       4.95 (±4.58)  
 

Meeting Recommendation (3 cups/day) 
 Meets Recommendation  

N (%) 
Does Not   
N (%)  

Sex   
Male 69 (78.4) 59 (64.1) 
Female 19 (21.6) 33 (35.9) 
Race   

White 76 (86.4) 83 (90.2) 
Non-White 12 (13.6) 9 (9.8) 
Education Level   
High School/GED Grad and 
below 

2 (2.3) 28 (30.4) 

Some college or AA degree and 
above 

86 (97.7) 64 (69.6) 

Household Income   
≥$70000 14 (15.9) 26 (28.3) 
<$70000 74 (84.1) 66 (71.7) 
Total 88 (48.9) 92 (51.1) 
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Table 6 

Simultaneous Logistic Regression Results: Predicting Meeting the Daily Dairy 

Recommendation from Personal Factors (N = 180) 

     Adjusted odds ratio 

Predictors B SE Wald &2 p  OR  [95% CI] 

Age -.08 .023 11.827 <.001 .923 .881, .966 
Sex        
Male (Ref)       
Female -.005 .428 .00 .991 .995 .430, 2.300 
Race        
White (Ref)       
Non-White .365 .528 .477 .490 1.440 .511, 4.058 
Education Level       
≥Some College 
Education (Ref) 

      

< Some College 
Education 

2.729 .786 12.048 <.001 15.320 3.281, 71.542 

Household Income       
≥$70,000(Ref)       
<$70,000 1.132 .421 7.225 .007 3.103 1.359, 7.087 
Constant -.666 1.450 .211 .646 .514  

 

Note. N = 180. For the model containing constant plus all predictors: -2LL = 191.13. 

Model &2 (8, N = 180) = 34.098, p < .001. Cox & Snell R2 = .277. Nagelkerke R2 = .369. 

B = Logistic coefficients. SE = Standard errors for logistic coefficients. Wald &2 = Test of 

null hypothesis that B = 0 (for each test df = 1). p = Probability value for Wald &2. OR = 

Adjusted odds ratio. 95% CI = 95% Confidence interval for the adjusted odds ratio. 
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Table 7 

Multiple Regression Results: Predicting the Number of cups of Milk Consumed Daily 

from the Factors Measuring Perceived Barriers to Drinking Milk. 

Predictor Variables b SE �  p 95%CI 

Constant -3.839 .736  <.001  
Lactose Intolerance 1.307 .385 .225 <.001 .548, 2.067 
Know the recommended amount 2.231 .558 .274 <.001 1.130, 3.332 
Cost .669 .230 .241 .003 .245, 1.152 
Taste .151 .266 .054 .571 -.374, .676 
Milk is fattening -.027 .260 -.009 .916 -.541, .486 
Milk not important part of diet .385 .259 .141 .085 -.126, .896 
Milk is beneficial to kids .448 .259 .155 .085 -.063, .960 

 

Note. N = 180. Model R = .587, Model R2 = .344, F (7, 172) = 12.908, p < .001. Adjusted 

R2 = .318. b = unstandardized multiple regression coefficient. SE = standard error. 95% 

CI = 95% confidence interval. p = probability value. � = standardized multiple regression 

coefficient. 
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Table 8 

Multiple Regression Results: Predicting the Number of Cups of Milk Consumed Daily 

from the Factors Measuring Perceived Facilitators to Drinking Milk. 

Predictor Variables b SE �  p 95%CI 

Constant -7.926 1.231  <.001 -10.356, -5.496 

Affordability 1.015 .254 .272 <.001 .513, 1.516 
Difficulty having access 1.520 .190 .525 <.001 1.146, 1.894 
Availability .885 .287 .224 .002 .319, 1.451 
Awareness of health benefits .320 .257 .083 .213 -.186, .827 

 

Note. N = 180. Model R = .598, Model R2 = .358, F (4, 175) = 114.338, p < .001. 

Adjusted R2 = .343. b = unstandardized multiple regression coefficient. SE = standard 

error. 95% CI = 95% confidence interval. p = probability value. � = standardized 

multiple regression coefficient. 
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Table 9 

Multiple Regression Results: Predicting the Number of Cups of Yogurt Consumed Daily 

from the Factors Measuring Perceived Barriers to Consuming Yogurt. 

Predictor Variables b SE �  p 95%CI 

Constant -426 .152  .006 -.726, -.127 
Know the recommended amount .430 .104 .289 <.001 .224, .636 
Cost -.006 .046 -.011 .889 -.098, .085 
Taste .106 .063 .167 .096 -.019, .230 
Yogurt is fattening -.010 .053 -.017 .851 .095, .296 
Yogurt not important part of diet .068 .052 .122 .193 -.034, .170 
Yogurt is beneficial to kids .158 .051 .281 .002 .056, .260 

 

Note. N = 180. Model R = .529, Model R2 = .279, F (6, 173) = 11.183, p < .001. Adjusted 

R2 = .254. b = unstandardized multiple regression coefficient. SE = standard error. 95% 

CI = 95% confidence interval. p = probability value. � = standardized multiple regression 

coefficient. 
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Table 10 

Multiple Regression Results: Predicting the Number of Cups of Yogurt Consumed Daily 

from the Factors Measuring Perceived Facilitators to Consuming Yogurt. 

Predictor Variables b SE �  p 95%CI 

Constant -.460 .229  .046 -913, -.008 
Affordability .013 .056 .020 .820 -.098, .124 
Difficulty having access .221 .041 .386 <.001 .140, .303 
Availability .085 .065 .117 .192 -.043, .214 
Awareness of health benefits .080 .059 .112 .177 -.037, .197 

 

Note. N = 179. Model R = .404, Model R2 = .163, F (4, 174) = 8.482, p < .001. Adjusted 

R2 = .144. b = unstandardized multiple regression coefficient. SE = standard error. 95% 

CI = 95% confidence interval. p = probability value. � = standardized multiple regression 

coefficient. 
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Table 11 

Multiple Regression Results: Predicting the Number of Slices of Cheese Consumed Daily 

from the Factors Measuring Perceived Barriers to Consuming Cheese. 

Predictor Variables b SE �  p 95%CI 

Constant -.504 .588  .392 -1.664, .656 
Know the recommended amount  .928 .413 .166 .026 .113, 1.742 
Cost  .066 .213 .028 .757 -.355, .488 
Taste -.182 .261 -.079 .487 -.697, .333 
Cheese is fattening  .757 .208 .363 <.001 .347, 1.167 
Cheese not important part of diet -.259 .222 -.121 .246 -.698, .180 
Cheese is beneficial to kids  .465 .261 .205 .076 -.050, .980 

 

Note. N = 180. Model R = .420, Model R2 = .176, F (6, 173) = 6.179, p < .001. Adjusted 

R2 = .148. b = unstandardized multiple regression coefficient. SE = standard error. 95% 

CI = 95% confidence interval. p = probability value. � = standardized multiple regression 

coefficient. 
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Table 12 

Multiple Regression Results: Predicting the Number of Slices of Cheese Consumed Daily 

from the Factors Measuring Perceived Facilitators to Consuming Cheese. 

Predictor Variables b SE � p 95%CI 

Constant -3.739 .852  <.001 -5.421, -2.057 
Affordability .559 .193 .227 .004 .178, .940 
Difficulty having access 1.004 .162 .431 <.001 .685, 1.323 
Availability .497 .231 .189 .033 .042, .952 
Awareness of health benefits .132 .215 .049 .541 -.293, .556 

 

Note. N = 180. Model R = .500, Model R2 = .250, F (4, 175) = 14.597, p < .001. Adjusted 

R2 = .233. b = unstandardized multiple regression coefficient. SE = standard error. 95% 

CI = 95% confidence interval. p = probability value. � = standardized multiple regression 

coefficient. 
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CHAPTER V 

SYNTHESIS AND CONCLUSION 

This dissertation had three main purposes: (1) to systematically review the 

literature on the effect of dairy product consumption on metabolic syndrome, (2) to 

explore the dietary measuring instruments and select the appropriate measure for 

collecting data on dairy consumption, and (3) to assess the dairy consumption and the 

barriers to and facilitators of dairy consumption among individuals with metabolic 

syndrome. 

Synthesis of Findings and Implications 

Metabolic syndrome affects about a third of the U.S. adult population (Moore et 

al., 2017). The syndrome has not been attributed directly to the mortality rate in the U.S. 

(Heron, 2021). However, metabolic syndrome when left untreated, is a known precursor 

of chronic diseases including type 2 diabetes mellitus, cardiovascular diseases, and 

cancer (Moore et al., 2017). These three conditions were attributed to about 47% of all 

deaths in the U.S. in 2019 (Heron, 2021). Dairy products are protective against the 

components of metabolic syndrome (Babio et al., 2015; Martins et al., 2015). 

A systematic review of the literature was conducted to assess the effect of dairy 

consumption on metabolic syndrome (Chapter Two). The review included 16 articles, of 

which five were RCTs. The finding suggested dairy products had protective effects 

against the risk of developing metabolic syndrome and its components. This finding 

indicated that the encouraging dairy consumption was warranted, especially individuals 
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diagnosed with metabolic syndrome. The USDA reports about 10% of the population 

meet the daily dairy consumption recommendation (USDA, 2020). However, there was 

no data on dairy consumption among people living with metabolic syndrome. The main 

limitation of this review is that most of the articles included (11) were observational 

studies. This limitation prevented a cause-and-effect association between dairy 

consumption and metabolic syndrome. 

In order to assess the consumption of dairy products among the metabolic 

syndrome patient population, an appropriate dietary measure was required. A review 

comparing the dietary assessment methods, their strengths, and their limitations was 

conducted. Four dietary measures were reviewed: the 24-hour dietary recall, the food 

record, the FFQ, and the dietary screeners (Chapter Three). The dietary screener was the 

most appropriate instrument for measuring dairy consumption among individuals 

diagnosed with metabolic syndrome. It was easy to adapt to measure only dairy products 

and provided options of frequency and serving sizes for each dairy product. The study did 

not need to estimate the energy consumed by respondents but rather estimate the 

frequency and serving size dairy was consumed (Thompson et al., 2015). However, the 

screener has recall and measurement biases that can lead to deviation from the actual 

values. 

Chapter Four is a cross-sectional study conducted to determine if individuals with 

metabolic syndrome meet the daily dairy recommendation, explore the relationship 

among biological or sociocultural factors and meeting the daily dairy consumption 

recommendation, and determine the barriers to, facilitators of, and predictors dairy 

consumption. 
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Almost 49% of the respondents met the USDA dairy recommendation of three 

cups daily. For the relationship between the personal factors and meeting daily dairy 

recommendation, it was observed there was a relationship between the biological factor 

(age) and socio-cultural factors (education level and household income). Perceived 

barriers, perceived facilitators, and personal factors predicted the consumption of dairy 

products. Knowing the recommended servings of dairy products to eat and the 

availability of dairy products facilitated dairy consumption. 

However, this study identified some challenges that may need further 

investigation. There were no differences between the perceived barriers and facilitators 

when they were related to the cups of dairy consumed in a day. Therefore, further 

analyses are warranted to differentiate between the barriers from the facilitators to dairy 

consumption using other food measuring tools to assess previous consumption. Further 

research should be conducted to evaluate the reliability of the survey that measured the 

perceived barriers and facilitators. The findings of that study can identify the redundant 

factors to better measure the barriers and facilitators. 

Recommendations for Future Research and Practice 

 Some recommendations are suggested based on the results of the studies. The 

systematic review of the literature suggests studies are necessary to determine modifiable 

barriers to dairy consumption in individuals at risk for development of metabolic 

syndrome. This recommendation was considered in conducting the Chapter Four study of 

this dissertation. This study recommends further analyses of the data to differentiate 

between the barriers from the facilitators to dairy consumption. It also recommends that 

other food measuring tools be used to assess previous dairy consumption. Further 
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research should be conducted to evaluate the reliability of the survey that measured the 

perceived barriers and facilitators. 

 A study to assess the perception of healthcare providers (medical doctors, Nurse 

Practitioners, Nurses, and Nutritionists) on dairy products and whether they would 

recommend them to their metabolic syndrome patients is necessary. These are 

professionals who have influence on what their patients consume, and their thoughts may 

determine whether they would recommend dairy products to their patients. 
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Appendix A 

Questionnaire for Collecting Data for the Study 

1. Age    
   

__________________________ 

2. Race  Mexican American 
 Non-Hispanic Black 
 Non-Hispanic White 
 Other Hispanic 
 Other Race 

 
3. Sex  Female 

 Male 
 

4. Education Level  Less than 9th grade 
 9th -11th grade 
 High School graduate/GED 
 Some College or Associate 

Degree 
 College graduate or Above 

 
5. Annual Household Income  Less than $20,000 

 $20,000 to $29,999 
 $30,000 to $39,999 
 $40,000 to $49,999 
 $50,000 to $59,999 
 $60,000 to $69,999 
 Above $70,000 

 
6. Estimate how much you weigh (in 

pounds) 
________________________ 

7. How tall are you? ________________________ 
8. Over the past month, how often did 

you drink milk as a beverage (NOT 
in coffee, tea, or cereal; NOT 
including milkshake)? 

 1 time in the past month 
 2-3 times in the past month 
 1-2 times per week 
 3-4 times per week 
 5-6 times per week 
 1 time per day 
 2-3 times per day 
 4-5 times per day 
 6 or more times per day 

9. Each time you drank milk as a 
beverage, how much did you 
usually drink? 

 Less than 3∕4 cup (6 ounces) 
 3∕4 to 11∕2 cups (6 to 12 ounces) 
 More than 11∕2 cups (12 ounces) 
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 I don't drink milk 
10. Over the past month, how often did 

you eat yogurt (NOT including 
frozen yogurt)? 

 1 time in the past month 
 2-3 times in the past month 
 1 time per week 
 2 times per week 
 3-4 times per week 
 5-6 times per week 
 1 time per day 
 2 or more times per day 

11. Each time you ate yogurt, how 
much did you usually eat? 

 Less than 1∕2 cup or less than 1 
container 

 1∕2 to 3∕4 cup or 1 container 
 More than 3∕4 cup or more than 1 

container 
 I don't eat yogurt 

12. Over the past month, how often did 
you eat cheese (including low-fat, 
on cheeseburgers, or in sandwiches 
or subs)? 

 1 time in the past month  
 2-3 times in the past month 
 1 time per week 
 2 times per week 
 3-4 times per week 
 5-6 times per week 
 1 time per day 
 2 or more times per day 

13. Each time you ate cheese, how 
much did you usually eat? 

 Less than 1∕2 ounce or less than 1 
slice  

 1∕2 to 11∕2 ounces or 1 slice 
 More than 11∕2 ounces or more 

than 1 slice 
 I don't eat cheese 

 
14. Over the past month, how often did 

you eat ice cream? 
 1 time in the past month 
 2-3 times in the past month 
 1 time per week 
 2 times per week 
 3-4 times per week 
 5-6 times per week 
 1 time per day 
 2 or more times per day 

15. Each time you ate ice cream, how 
much did you usually eat? 

 Less than 1 cup or 135g 
 1 cup to 1 medium size cup or 

240g 
 More than 1 medium size cup or 

240g 
 I don't eat ice cream 
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16. Over the past month, how often did 
you eat cream cheese? 

 1 time in the past month 
 2-3 times in the past month 
 1 time per week 
 2 times per week 
 3-4 times per week 
 5-6 times per week 
 1 time per day 
 2 or more times per day 

17. Each time you ate cream cheese, 
how much did you usually eat? 

 Less than 1∕4 cup or 2 ounces/4 
tablespoons/60 grams/2 servings 

 1∕4 to 3∕4 cup or 6 ounces/12 
tablespoons/170 grams/6 servings 

 More than 3∕4 cup 
 I don't eat cream cheese 

18. I am lactose intolerant  
 

 Yes 
 No 

19. I know the recommended amount of 
milk to drink daily  

 

 Yes 
 No 

20. I find the cost of milk quite high  
 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

21. I have difficulties with the taste of 
milk 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

22. I find milk fattening  strongly disagree 
 disagree 
 agree 
 strongly agree 

23. Milk is not an important part of my 
diet 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

24. Milk is beneficial to children but 
not adults 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

25. What are some of the factors that 
hinder your milk consumption not 
mentioned above? 

______________________________ 

26. I find milk affordable  strongly disagree 
 disagree 
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 agree 
 strongly agree 

27. I have difficulties accessing milk  strongly disagree 
 disagree 
 agree 
 strongly agree 

28. Milk is available whenever I need it  strongly disagree 
 disagree 
 agree 
 strongly agree 

29. I am aware of the health benefits 
associated with drinking milk 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

30. What are some of the factors that 
facilitate your milk consumption 
not mentioned above? 

______________________________ 

31. I know the recommended amount of 
yogurt to eat daily  

 

 Yes 
 No 

32. I find the cost of yogurt quite high  
 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

33. I have difficulties with the taste of 
yogurt 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

34. I find yogurt fattening  strongly disagree 
 disagree 
 agree 
 strongly agree 

35. Yogurt is not an important part of 
my diet 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

36. Yogurt is beneficial to children but 
not adults 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

37. What are some of the factors that 
hinder your yogurt consumption not 
mentioned above? 

______________________________ 

38. I find yogurt affordable  strongly disagree 



   

115 
 

 disagree 
 agree 
 strongly agree 

39. I have difficulties accessing yogurt  strongly disagree 
 disagree 
 agree 
 strongly agree 

40. Yogurt is available whenever I need 
it 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

41. I am aware of the health benefits 
associated with drinking yogurt 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

42. What are some of the factors that 
facilitate your yogurt consumption 
not mentioned above? 

______________________________ 

43. I know the recommended amount of 
cheese to eat daily  

 

 Yes 
 No 

44. I find the cost of cheese quite high  
 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

45. I have difficulties with the taste of 
cheese 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

46. I find cheese fattening  strongly disagree 
 disagree 
 agree 
 strongly agree 

47. Cheese is not an important part of 
my diet 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

48. Cheese is beneficial to children but 
not adults 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

49. What are some of the factors that 
hinder your cheese consumption not 
mentioned above? 

______________________________ 
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50. I find cheese affordable  strongly disagree 
 disagree 
 agree 
 strongly agree 

51. I have difficulties accessing cheese  strongly disagree 
 disagree 
 agree 
 strongly agree 

52. Cheese is available whenever I need 
it 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

53. I am aware of the health benefits 
associated with drinking cheese 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

54. What are some of the factors that 
facilitate your cheese consumption 
not mentioned above? 

______________________________ 

55. I know the recommended amount of 
ice cream to drink daily  

 

 Yes 
 No 

56. I find the cost of ice cream quite 
high  

 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

57. I have difficulties with the taste of 
ice cream 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

58. I find ice cream fattening  strongly disagree 
 disagree 
 agree 
 strongly agree 

59. Ice cream is not an important part 
of my diet 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

60. Ice cream is beneficial to children 
but not adults 

 strongly disagree 
 disagree 
 agree 
 strongly agree 
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61. What are some of the factors that 
hinder your ice cream consumption 
not mentioned above? 

______________________________ 

62. I find ice cream affordable  strongly disagree 
 disagree 
 agree 
 strongly agree 

63. I have difficulties accessing ice 
cream 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

64. Ice cream is available whenever I 
need it 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

65. I am aware of the health benefits 
associated with drinking ice cream 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

66. What are some of the factors that 
facilitate your ice cream 
consumption not mentioned above? 

______________________________ 

67. I know the recommended amount of 
cream cheese to drink daily  

 

 Yes 
 No 

68. I find the cost of cream cheese quite 
high  

 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

69. I have difficulties with the taste of 
cream cheese 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

70. I find cream cheese fattening  strongly disagree 
 disagree 
 agree 
 strongly agree 

71. Cream cheese is not an important 
part of my diet 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

72. Cream cheese is beneficial to 
children but not adults 

 strongly disagree 
 disagree 
 agree 
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 strongly agree 
73. What are some of the factors that 

hinder your cream cheese 
consumption not mentioned above? 

______________________________ 

74. I find cream cheese affordable  strongly disagree 
 disagree 
 agree 
 strongly agree 

75. I have difficulties accessing cream 
cheese 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

76. Cream cheese is available whenever 
I need it 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

77. I am aware of the health benefits 
associated with drinking cream 
cheese 

 strongly disagree 
 disagree 
 agree 
 strongly agree 

78. What are some of the factors that 
facilitate your cream cheese 
consumption not mentioned above? 

______________________________ 
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