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ABSTRACT

The entirety of this particular review article demonstrates an in-depth analysis of the overall functionality of nutritional
functional foods, imperative bioactive compounds, and essential biomarkers within the metabolic pathway and in
chronic disease progression. Specifically, this review article assesses the efficacy of a plethora of functional foods and
their associated bioactive compounds via the interpretation of epidemiological research studies that were conducted in
the following design formats: cohort design, case-control design, cross-sectional design, and randomized controlled trial
design. Although there has been a source of ambiguity demonstrated by food scientists and government organizations
surrounding what would be the standard definition of functional food, this review article attempts to advocate for a
contemporary definition that acknowledges the primary attributes of present-day functional food. Having said this, the
main intention of this review article is to help address the necessity of analyzing the overarching efficacy of specific
functional foods via the analysis of different retrospective epidemiological studies. Moreover, this review article will
acknowledge which specific epidemiological study research design format is most applicable in the evaluation of
functional food products within upcoming epidemiological studies. Ultimately, food scientists and nutritionists alike will
get the opportunity to develop an all-encompassing contemporary definition for functional food upon the recognition

and incorporation of different epidemiological study research design formats in a timely and cost-effective manner.

KEYWORDS: Functional food, bioactive compounds, biomarkers, epidemiology, cohort design, case-control design,
cross-sectional design, and randomized controlled trial design.
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Evaluation of Functional Food Product (FFP)

Application of contemporary epidemiological study
research design formats.

Analysis of retrospective epidemiological studies
demonstrating implementation of a specific research
design format.

Comparison of advantages and disadvantages
amongst each respective research design format.

Identification of which specific research design
format is most applicable towards the successful
analysis of FFP efficacy and will further develop the
current functional food definition.
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» Cohort Design
» Case-Control Design
* Cross-Sectional Design

Experimental:
« Randomized Controlled
Trial Design

INTRODUCTION

In 2009, the Functional Food Center (FFC) introduced the
following concept of functional food at the 6th
International Conference on Functional Food, “Natural or
processed foods that contains known or unknown
biologically-active compounds; which in defined amounts
provide a clinically proven and documented health
benefit for the prevention, management, or treatment of
chronic  disease” [1-2]. Research professionals
emphasized that functional food is a single consumable
product which can be classified as either organic or
refined and is composed of a noteworthy quantitative
concentration of unique bioactive compounds.
Specifically, researchers acknowledged that the
introduction of specific bioactive compounds at nontoxic
concentrations may contribute towards controlling the

chronic disease advancement [3-4].

Shortly after, the FFC organized “The Definition of
Functional Foods and Bioactive Compounds” which was
held at the 17th International Conference on Functional
Food in 2014. One of the primary objectives of this
scheduled conference was to further the definition of
functional food which had been developed in 2009 by
addressing competent repeatable clinical trial
procedures. A mutual agreement was expressed among-
by representatives from the FFC and delegates from the
U.S. Department of Agriculture (USDA) and Agriculture
Research Service (ARS) with regards to the following
more explicit definition of functional food: “Natural or
processed foods that contain known or unknown
biologically-active compounds; which, in defined,
effective non-toxic amounts, provide a clinically proven
and documented health benefit for the prevention,

management, or treatment of chronic disease.” [1].
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Advancement of Functional Food Definition: Upon
comparison to the initial definition in 2009, there are a
series of noteworthy revisions that were implemented
within the further developed definition from 2014.
Specifically, the 2014 version of the functional food
definition demonstrates a keen emphasis on the
necessity for incorporating a clinical research design that
could be duplicated by additional food scientists and
nutritionists. In other words, the 2014 definition of
functional food advocates for the replication of clinical
trial procedures which would be bolstered by introducing
minute concentrations of a particular innocuous food.
Therefore, researchers can assess the overall efficacy
surrounding a research study which would consist of
direct manipulation of a harmless dosage of functional
food being provided to a cohort of voluntary participants.
Subsequently, the 2014 variant of the functional food
definition portrays the necessity of including updated
data records which can potentially demonstrate the
performance of a specific functional food against the
overarching pathogenesis of a particular chronic disease.
Analysis of retrospective case studies surrounding
functional food performance can highlight the potential
primary side effects and symptoms that were
demonstrated by the cohort who received the treatment.
Upon careful analysis of retrospective data values,
researchers can interpret a potential source of
correlation between the introduced dosage of functional
food and chronic disease progression.

During 2018, the subsequently developed version
of the functional food definition was further revised by
Dr. Danik Martirosyan, President of Functional Food
Center, to the following statement: “Natural or
processed foods that contain biologically active
compounds; which, in defined, effective non-toxic
amounts, provide a clinically proven and documented

health benefit utilizing specific biomarkers for the
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prevention, management, or treatment of chronic/viral
disease or its symptoms” [5]. Upon comparison to the
2014 version, it can be said that the 2018 definition
demonstrates the inclusion of implementing biomarkers
in order to potentially avert, control, or remedy the
continued progression of a particular chronic disease.
Furthermore, the 2018 definition exhibits the
acknowledgment of potentially introducing biomarkers
to analyze the respective primary and secondary
symptoms as presented during the gradual pathogenesis
of either chronic or viral diseases.

Most recently in 2020, Dr. Danik Martirosyan
further enhanced the 2018 definition by emphasizing the
specialized functions of biomarkers within the
progression of chronic or viral diseases in the following
statement: “Natural or processed foods that contain
biologically-active compounds, which, in defined,
effective, non-toxic amounts, provide a clinically proven
and documented health benefit utilizing specific
biomarkers, to promote optimal health and reduce the
risk of chronic/viral diseases and manage their
symptoms” [6]. The current proposed definition of
functional food fixates on the notion that the
incorporation of biomarkers can potentially contribute
towards improved health sustainability, diminished
prospect of chronic or viral disease, and regulate the
frequency at which the most prevalent symptoms are
presented. Ultimately, the 2020 definition is what
constitutes a functional food based on the respective
functionality within the essential metabolic pathways of
an individual alongside chronic or viral disease
pathogenesis. However, the FFC anticipates there will be
succeeding definitions developed following the 2020
definition which will be even more precise and
unequivocal. Table 1 summarizes the changes of the

functional food definition from 2014 to 2020.


https://ffhdj.com/index.php/FunctionalFoodScience

Functional Food Science 2021; 1(12): 97-116

FFS

Page 100 of 116

Table 1. Comparison of initial functional food definition to succeeding definitions as proposed by Dr. Danik Martirosyan,
President of FFC, with co-authors [1-2,5-6].

2009 Definition [1]

2014 Definition [2]

2018 Definition [5]

2020 Definition [6]

M Natural or processed
foods

B Known or unknown
bioactive compounds

B Clinically proven

B Documented health
benefit

B Natural or processed

foods

B Known bioactive
compounds

B Clinically proven

B Documented health

benefit
B Effective

B Non-toxic amounts

B Natural or processed
foods

B Known bioactive

M Natural or processed
foods

B Known bioactive

compounds compounds
Bl Clinically proven B Clinically proven
B Documented health B Documented health
benefit benefit
B Effective B Effective
B Non-toxic amounts B Non-toxic amounts
B Usage of biomarkers B Usage of biomarkers
B Acknowledgements of B Advocate for improved
chronic or viral diseases health status
B Minimize imperil from

chronic or viral disease
progression

B Regulate symptoms

Nevertheless, it remains imperative to address the
historical discrepancy surrounding the establishment of
an exclusive definition for functional food. In 1984,
Japanese researchers from the Ministry of Health, Labor
and Welfare introduced the necessity of classifying
functional foods as Food for Specified Health Uses
(FOSHU). The primary intention of such researchers was
to implement the ideology of functional food in order to
address certain chronic health conditions, mitigate
micronutrient deficiency, and emphasize the importance
of conducting nutritional science research in a cost-
effective manner. Japanese researchers defined the
terminology of functional food as “Food products
fortified with special constituents that possess
advantageous physiological effects” [7-8]. Researchers
highlighted that the foundation surrounding the
primitive definition of functional food was composed
based on the assurance of clinical efficacy, establishment
of security, and in-depth analysis of practical bioactive

constituents.

Conversely, researchers residing within the
European Union further elaborated on the initially
proposed definition of functional food by advocating for
the analysis of the potential relationship between
functional food efficacy and mitigation of the associated
risk factors as a result of continued pathogenesis of a
particular chronic disease, “Food products can only be
considered functional if together with the basic
nutritional impact it has beneficial effects on one or more
functions of the human organism thus either improving
the general and physical conditions or/and decreasing
the risk of the evolution of diseases” [9]. Although there
is no standard definition of functional food within the
European Union, food scientists and associated political
authorities agree over the establishment of disparate
divisions within the food groups. Consequently,
researchers developed the following distinguishable food
categories: “conventional foods, modified foods, foods
for special dietary use and medical foods” [10]. The
further revised definition of functional food proposed by

researchers within the European Union demonstrates
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the importance of analyzing the potential implications of
functional food consumption on physiological
development and regulation of essential metabolic
pathways among human beings.

Whereas clinical health researchers working at the
Food and Drug Administration (FDA) remain skeptical
with regards to recognizing functional food as a distinct
yet equally imperative food category. Such researchers
prove the necessity of conducting further research with
regards to assessing the respective inducing and/or
inhibiting functions of bioactive compounds within
central metabolic pathways of human beings who
present primary and secondary symptoms of a particular
chronic disease. Researchers emphasize that the overall
efficacy of certain bioactive compounds may contribute
towards potentially diminishing the risk of chronic
disease progression which can be evaluated via the close
monitoring of activated biomarkers. The FDA has not
established a standard definition for functional food that
has been approved by legislative and executive officials.

However, there are a series of government and
private organizations within the United States that have
established alternative contemporary definitions of

functional food that have been collectively ratified. For
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instance, The Institute of Medicine of the U.S. National
Academy of Sciences (NAS/IOM) further developed the
definition of functional food by indicating the noteworthy
health related benefits that could be associated with the
regular consumption of functional foods, “Foods that
encompass potentially healthful products, including any
modified foods or food ingredients that may provide a
health benefit beyond the nutrients it contains” [11].
Additionally, The Institute of Food Technologists (IFT)
established a rather analogous definition to the
definition developed by NAS/IOM which is the following:
“Foods and food components that provide a health
benefit beyond basic nutrition. These substances provide
essential nutrients often beyond quantities necessary for
normal maintenance, growth, and development, and/or
other biologically active components that impact health
benefits” [12].

In retrospect, the plethora of presented definitions
of functional food primarily address the potential
influence of specific bioactive compounds towards
reducing the risk of chronic disease progression alongside
the promotion of physiological development due to an
enhanced establishment of nutrient intake as noted in
Table 2.

Table 2. Comparison of Functional Food definitions from a global perspective [6-9,11-12].

Functional Food Center
(2020) [6]

Natural or processed foods that contain biologically-active compounds which in defined, effective,
non-toxic amounts, provide a clinically proven and documented health benefit utilizing specific
biomarkers, to promote optimal health and reduce the risk of chronic/viral diseases and manage their
symptoms.

The Institute of Medicine
of the U.S. National
Academy of Sciences [11]

Foods that encompass potentially healthful products, including any modified foods or food ingredients
that may provide a health benefit beyond the nutrients it contains.

The Institute of Food
Technologists [12]

Foods and food components that provide a health benefit beyond basic nutrition. These substances
provide essential nutrients often beyond quantities necessary for normal maintenance, growth, and
development, and/or other biologically active components that impact health benefits.

Japan Ministry of Health,
Labor and Welfare [7-8]

Food products fortified with special constituents that possess advantageous physiological effects.

European Union [9]

Food products can only be considered functional if together with the basic nutritional impact it has
beneficial effects on one or more functions of the human organism thus either improving the general
and physical conditions or/and decreasing the risk of the evolution of diseases.
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Nonetheless, researchers reiterate the necessity for
future funded research opportunities through which the
potential influence of specific bioactive compounds and
related biomarkers on the pathogenesis of a particular
chronic disease can be further analyzed given the
condition of a long-term study. In addition, researchers
indicate that additional interpretation of prospective
data reports from innovative research projects may
possibly contribute towards the establishment of a
standard definition of functional food which can be
agreed upon by health professionals, nutritionists, and
policy makers globally.

Based on this notion, researchers have
demonstrated a gradual transition towards the

implementation of four paramount epidemiological

Experimental

)

Epidemiological

Studies

l

Observational —
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study types, outlined in Figure 1, in order to better
understand the potential influence of specific functional
foods and bioactive compounds on decreasing the risk of
chronic disease advancement. This review article will
analyze the efficacy of different functional foods and
bioactive compounds within a spectrum of prevalent
chronic diseases via the evaluation of retrospective
epidemiological case studies in cohort design, case-
control design, cross-sectional design, and randomized
controlled trial design, respectively. Furthermore, this
review article will ultimately determine which specific
epidemiological case study types are best applicable
towards analyzing the influence of various functional
food products on the further prevention and/or

management of chronic disease progression.

Randomized Controlled Trial

« |dentifies potential causal relationships
¢ Eradicates extraneous determinants
* Mitigates bias in research

Cohort

* Simultaneously emphasizes unique research
findings

* Analyses susceptibility of exposure to risk factors

¢ Evaluates chronic disease pathogenesis

Cross-Sectional
¢ Conducted in a short duration of time
* Manages participant sample size
* Determines chronic disease frequency

Case-Control
* Addresses primary risk factors of a chronic disease
* Conducted in a short duration of time
¢ Cost-effective

Figure 1. Description of contemporary experimental and non-experimental epidemiological research design formats [13].

Introduction to Epidemiological Studies: Epidemiological
studies are categorized into two main categories,
observational studies where investigators observe a
particular treatment, disease or risk factor and

experimental studies which allow for the assessment of a

specificintervention to examine its effects. Observational
studies are further divided into two subtypes: descriptive
and analytic. The analytic subtype encompasses cohort
studies and case-control studies. Conversely,

experimental research design formats involve clinical
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studies that can be conducted with or without the
application of randomization amongst disparate
treatment groups. Understanding the specific
characteristics of each study design, its respective
advantage as well as limitation can potentially guide
researchers in the correct investigative protocol for
assessment of functional food and the potential to aid in
the prevention, management and treatment of chronic
disease.

Although there is an established distinction among
the aforementioned observational and experimental
research design formats, it remains imperative to
acknowledge the noteworthy variation in sample sizes
among an array of retrospective epidemiological studies.
The composition of a satisfactory sample size is
dependent on the following fundamental criteria:
standard deviation, margin of error, confidence level, and
power of a specific statistical test [14]. Researchers
emphasize it is essential to include a sample size which
will ensure a certain level of precision.

A relatively small sample size may curtail the overall
precision of the collected data which can possibly
influence the final acceptance or rejection of the central
hypothesis statement [14]. Whereas a larger sample size
provides a greater level of precision among the collected
data. Larger sample sizes can be readily influenced by the
access to laboratory equipment and research exclusion
criteria [14]. Thus, the incorporation of a suitable sample
size within epidemiological studies is essential in order to
distinguish between the treatment group and the control

group in an efficient and timely manner.

Epidemiological Study Type |I: Cohort Design
Retrospective epidemiological studies on the assessment

of functional food efficacy have exhibited an increased
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utilization of the cohort design to recognize the unique
pathogenesis, associated symptoms, and prevalence rate
for a specific chronic disease. A cohort design is
recognized as an empirical study that evaluates a possible
causal relationship among the manipulated treatment
group and the resultant research findings over a set
period of time. Based on this notion, researchers
evaluate possible risk factors that may contribute to the
potential escalation in risk of chronic disease progression
in a chronological manner. Furthermore, researchers also
determine the proportional frequency of morbidity and
mortality among a population of individuals who have
been exposed to explicit risk factors which could inflate
the risk of chronic disease progression.

Although there are noteworthy benefits
surrounding the incorporation of a cohort design within
epidemiological studies, as noted in Figure 2, researchers
indicate there are equally imperative disadvantages that
should be taken into consideration when establishing the
initial research design for epidemiological studies. For
instance, cohort designs often necessitate the inclusion
of a significantly broad sample size in order to
successfully distinguish between the treatment group
and the control group. Moreover, cohort designs are
recognized as being influenced by potential research bias
alongside not being conducted in a timely and cost-
effective  manner. Nevertheless, cohort design
implementation remains one of the most prevalent
research  design  formats  within  retrospective
epidemiological studies. Such studies recognize the
possible influence of an individual’s dietary and lifestyle
habits alongside socioeconomic factors that further
contribute towards the risk of chronic disease

progression.
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Cohort Design

1. Recognizes unique
pathogenesis and
symptoms

3. Determines
prevalence rate

Evaluates possible risk
factors

Determines
proportional frequency
between morbidity and
mortality

Figure 2. Description of the noteworthy advantages surrounding the implementation of cohort design within

epidemiological studies.

In an epidemiological study conducted in March
2020, researchers from the World Cancer Research Fund
(WCRF) indicated that increased consumption of fish may
contribute towards a significant reduction in the
susceptibility of colorectal cancer [15]. A source of
ambiguity was exhibited towards the potential influence
of regular consumption of specific cuts of fish, such as
white or lean meat, on the risk of colorectal cancer
progression. Despite this, researchers remained
engrossed in the concrete analysis of the associated
impact of n-3 polyunsaturated fatty acids (n-3 LC-PUFA)
which is a prevailing bioactive compound present in fish.
Within this epidemiological study, researchers suggested
that there is an inverse relationship present between the
absorbed concentration of n-3 LC-PUFA and the
evolution of colorectal cancer.

In a colorectal cancer study conducted in March
2020 researchers established an eight yearlong cohort
research design which initially contained approximately
400,000 voluntary participants. The participants were
selected based on exclusion criteria and mandatory
patient screening procedures [15]. The cohort size was
further reduced to 922 voluntary participants upon
additional limiting factors which included body mass
index (BMI), height, and dietary practices [15].
Researchers compiled blood plasma specimens from one

half of the final cohort size who were diagnosed with

colorectal cancer and were recognized as the treatment
group. Researchers aggregated blood plasma specimens
from as the control group were identified as free of
colorectal cancer. Researchers provided the established
treatment group with 100 grams of fish on a daily basis
alongside 100 milligrams of n-3 LC-PUFA, while the
control group did not receive any particular placebo [15].
Upon the utilization of a logistic regression model,
researchers determined that there was an indirect
relationship present between the regular consumption of
fish and colorectal cancer risk. Researchers noted that
the consumption of either lean or white cuts of fish on a
weekly basis resulted in an estimated 7% decrease in the
risk progression of colorectal cancer [15].

Comparatively, in a subsequent epidemiological
study researchers analyzed soybean for potential
influence in decreasing the risk of coronary heart disease.
Researchers reported the essential amino acids in
soybean elicit an overall decline in the concentrations of
deleterious saturated fat and cholesterol [16]. The
central purpose of this research study was to determine
if there was a relationship between regular consumption
of soybean and detrimental chronic diseases like obesity
and cardiovascular disease. Specifically, researchers
focused on the analysis of bioactive peptides, such as

pepsin, which are an integral constituent found within
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the biochemical composition of soybean. The bioactive
peptide named LPYPR was reported to significantly
minimize the concentration of cholesterol and regulate a
stable  triglyceride  concentration.  Furthermore,
researchers noted that LPYPR was in fact an antagonist to
the overall functionality of the enzyme 3-hydroxy-3-
methylglutaryl CoA reductase (HMGR) [16]. Thus, LPYPR
intervened in the activation of the HMGR enzyme which
evidently inhibited cholesterol synthesis altogether.

Based on this notion, researchers established an
epidemiological study with a cohort of laboratory rats.
During this particular epidemiological study, researchers
injected approximately 50 milligrams per kilogram of
LPYPR within the laboratory rats over the time period of
two consecutive days. Researchers observed an
estimated 25% decrease in low-density lipoprotein (LDL)
cholesterol concentration solely during this rather brief
time period [16]. A steady decline in blood glucose was
observed alongside an increase in insulin secretion. In a
complementary epidemiological study with a cohort size
of 34 female voluntary participants (age ranging from
upper twenties to low forties) diagnosed with gestational
diabetes, participants were asked to regularly consume
soybean for 6 weeks [16]. Researchers observed a
significant increase in insulin secretion and enhanced
glucose concentration which notably counteracted
gestational diabetes risk of progression.

Additionally, in a subsequent epidemiological study
conducted in March 2018 researchers studied whether a
greater consumption of pecans can directly decrease the
risk of cardiovascular disease progression and the overall
risk of mortality due to the presence of type Il diabetes
[17]. The study was designed to analyze regular pecan
consumption alongside an isocaloric dietary plan and to
interpret the resultant risk of cardiovascular disease and
type Il diabetes advancement. Researchers hypothesized
pecans may decrease the risk of cardiovascular disease

progression due to specific bioactive compounds like
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monounsaturated fatty acids [17]. The researchers also
hypothesized regular consumption of pecans can
successfully facilitate the overall function of lipoproteins
and certain lipid concentrations found within the blood
plasma given the reduced concentration of saturated fat
and cholesterol, respectively [17].

Researchers established a cohort in which a total of
26 voluntary participants were selected on the basis of
the following criteria: BMI, cardiovascular disease
diagnosis, consumption of hormonal therapy medication,
and incorporation of medicine on a daily basis to help
regulate lipid activity [17]. The treatment group consisted
of individuals who were diagnosed with obesity and the
comorbidities of type Il diabetes and cardiovascular
disease. Researchers provided the treatment group with
the daily recommended concentration of pecans as
approved by the USDA alongside following an isocaloric
dietary restriction. t\The control group did not receive a
particular concentration of pecans and were asked to
follow their daily dietary habits in order to assess for a
potential influence of the placebo effect. Researchers
observed a higher source of inhibition towards insulin
secretion alongside the significant improvement in beta
cell activity [17]. Upon the conclusion of this particular
study, researchers observed a successful regulation of
insulin secretion and improved beta cell functionality
among the treatment group.

Researchers also noted that the regular
consumption of pecans caused a decrease in low-density
lipoprotein cholesterol concentration and blood glucose
levels [17]. Researchers indicated that the concentration
of fiber in pecans may aid in the decrease of
inflammation, regulate homeostasis between glucose
and insulin, and decrease physiological stress. Thus, this
particular research study affirms the efficacy of pecans in
successfully managing the rapid pathogenesis of
cardiovascular disease. However, further research is

needed.
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Epidemiological Study Type II: Case-Control Design:
The second most prevalent research design format used
among retrospective epidemiological studies is a case-
control design. This particular research design format
establishes a rigid comparison among a group of
individuals who have been clinically diagnosed with a
particular chronic disease that pertains to the central
research question of an epidemiological study to a
subsequent group of individuals who have been clinically
diagnosed with alternative chronic diseases. The
underlying purpose behind establishing this noteworthy
comparison is for researchers to get the opportunity to
distinguish between the unique risk factors that
potentially contribute towards the advancement of one
particular chronic disease when compared to the distinct
risk factors contributing towards the increase in risk of
subsequent chronic diseases among a particular
population of individuals.

Through the implementation of a case-control
research design format, researchers are given the
opportunity to identify unique research findings upon the
completion of an epidemiological study. The
incorporation of a case-control research design is
inexpensive and can be conducted in a short amount of
time which grants researchers with a greater amount of
time and monetary budget that could be used towards
the application of different data analysis programming

languages and packages in order to assess for a potential
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source of association among established variables. It
remains imperative to take into consideration that the
implementation of a case-control research design format
strictly focuses on the analysis of one particular research
outcome. Case-control research design format is
incapable of determining the relative incidence rate and
overarching pathogenesis for a particular chronic
disease. Researchers emphasize that a case-control
research design format can be influenced by possible
sources of research bias (Figure 3).

Although case-control design is recognized as being
subordinate to cohort design in terms of providing
compelling quantitative and qualitative results,
researchers emphasize that a case-control design
remains beneficial among epidemiological studies due to
analyzing uncommon chronic diseases that are gradually
increasing in prevalence on a global scale. Likewise, a
case-control design is solely retrospective given that
researchers initially identify a particular chronic disease
among a set sample size of voluntary participants and
work in reverse to identify the potential exposure
determinants. By doing so, researchers not only verify
specific risk factors that contribute toward the possible
increase in risk of chronic disease progression but can
also determine the projected incidence trends for

succeeding generations.

Case-Control Design

1. Establishes comparison

between a sample size of

individuals that have a

particular chronic disease
from a group of individuals

who have an alternative
chronic disease

Addresses unique
research findings upon
completion of
epidemiological study

4. |nexpensive

2. Distinguishes between

primary risk factors

Figure 3. Description of the noteworthy advantages surrounding the implementation of a case-control design within

epidemiological studies.
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In an epidemiological study conducted in May 2017,
researchers analyzed the potential influence of dried
plum (prunes), and whether consumption would mitigate
the risk of osteoporosis progression [18]. Dried plums
were recognized to be composed of imperative
nutritional bioactive compounds, such as vitamin K,
alongside a significant concentration of chlorogenic acids
and phenolic compounds [18]. The phenolic compounds
found within the biochemical composition of dried plums
may contribute towards the fortification of bone mineral
density (BMD) and would counteract the continuation of
osteoporosis among postmenopausal women.

Researchers established a case-control design
among a cohort of 100 postmenopausal women in which
the treatment group received 100 grams of dried plum
and the control group received 100 grams of dried apple
[18]. Over the time duration of a year, researchers
observed significant stability among the postmenopausal
women who received the treatment of the dried plum
when compared to the control group. Researchers noted
that an increase in the frequency of dried plum
consumption directly contributed towards minimizing
bone deterioration and regulating BMD among
postmenopausal women. Specifically, researchers
observed prevention of osteoporosis progression within
the ulna located in the forearm and lumbar region of the
spine [18].

Subsequently, in an additional epidemiological
study conducted in September 2015, researchers
analyzed the efficacy of the functional food of red wine
grape pomace flour in mitigating metabolic syndrome
[19]. Specifically, researchers established particular
interest in interpreting the functional implications of
unique polyphenol compounds, which are found within
wine grapes, on metabolic syndrome progression.
Researchers conducted a 16-week case-control study
which was composed of a cohort size of 38 voluntary
participants [19]. The experimental design of this
epidemiological study consisted of a treatment of 20
grams of wine grape pomace flour on a daily basis [19].
Comparatively, the established control group within this

research study did not receive any particular placebo.
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Upon the conclusion of the epidemiological study,
researchers noted that the regular daily consumption of
wine grape pomace flour contributed towards a
substantial decline in systolic and diastolic blood
pressure levels. More importantly, researchers reported
an 8% reduction in the presentation of symptoms among
the evaluated cohort of metabolic syndrome patients
after the consumption of wine grape pomace flour [19].
Thus, this demonstrates that the risk of metabolic
syndrome progression significantly decreased among the
treatment group upon the consistent consumption of
wine grape pomace flour. There were no noteworthy
changes observed within the control group. Researchers
encourage the regular consumption of wine grape
pomace flour as this particular functional food has the
capability to manage blood pressure levels and increase
the concentration of gamma-tocopherol present within
the blood plasma [19].

In a subsequent epidemiological study conducted in
May 2019, researchers assessed whether regular
ingestion of dairy based products, such as milk,
contributed towards a potential decrease in the risk of
bladder cancer [20]. Researchers emphasize that the
primary risk factor that contributes towards the
proliferation of bladder cancer risk is cigarette smoking
alongside subsequent risk factors which include parasitic
diseases like schistosomiasis from drinking contaminated
water [20]. Researchers advocated analyzing daily dietary
habits of individuals in order to measure the progression
of bladder cancer and any unidentified risk factors.
Researchers implemented a meta-analysis analytical
method in which 18 cohort and 8 case-control study
designs were evaluated [20].

The overall cohort size consisted of 595,698
voluntary participants in which 18,751 individuals were in
the case-control study design and 576,946 individuals
were in the cohort study design [20]. Through this 16 year
epidemiological study, researchers determined that a
moderate level of dairy product consumption on a daily
basis contributed to a reduced risk of bladder cancer
progression. Upon the application of a meta-regression
model, researchers also identified that an excessive

consumption of dairy products, such as whole milk,
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contributed to an increased risk of bladder cancer.
Despite the completion of this particular research study,
researchers demonstrate keen interest in determining

whether Vitamin D levels have a potential correlation

Epidemiological Study Type lll: Cross-Sectional Design:
The third most prevalent research design format used
among epidemiological studies is a cross-sectional
design. Cross-sectional designs consist of evaluating
established variables at a specific time period; however,
there is no mode of distinguishing among the possible
risk factors and research outcomes. This particular
research design format permits researchers to
manipulate the population size being diagnosed with a
specific chronic disease alongside regulation of the
establishment of dependent variables within an
epidemiological study. Through the implementation of a
cross-sectional design researchers are able to evaluate a
multitude of possible associations among the established
variables in a simultaneous and timely manner (Figure 4).
A cross-sectional design permits researchers to identify
the prevalence rate of a specific chronic disease among a
set population of individuals over a short period of time
(Figure 4).

The incorporation of a cross-sectional design has

noteworthy disadvantages that should be taken into

Cross-Sectional Design

1. Evaluates established
variables at a specific
time period

Regulates
establishment of
dependent variables
within
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with the risk of bladder cancer progression since this
specific bioactive compound is recognized to facilitate
cell destruction of carcinogenic cells and mitigates

oncogenesis.

consideration. For example, a cross-sectional design is
not able to provide statistical evidence on the
overarching pathogenesis of a particular chronic disease.
Furthermore, this specific research design format is
unable to determine imperative research outcomes and
incidence rate of a chronic disease towards the
conclusion of an epidemiological study. In addition, a
cross-sectional design is unable to

identify whether there is a possible relationship among
established variables. Despite this, the continued
implementation of cross-sectional designs in upcoming
epidemiological studies remains necessary due to this
particular research design format providing a platform to
analyze various categorical and numerical variables in a
short amount of time and in an inexpensive manner.
Nonetheless, the implementation of a cross-sectional
design within upcoming epidemiological studies will
permit researchers to determine the prevalence rate of a
specific chronic disease through which projected

statistical trends can be established.

epidemiological study

4. Permits researchers to
manipulate population
size of interest

Evaluates possible
association between
established variables

6. Requires short

duration of time

Figure 4. Description of the noteworthy advantages surrounding the implementation of a cross-sectional design within

epidemiological studies.
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In an epidemiological study conducted in February
2019, researchers implemented a cross-sectional design
to determine whether the daily consumption of a
nutrient rich vegetative diet would readily contribute
towards the mitigation of vitamin B12 deficiency [21].
Researchers established a cohort size of 103 voluntary
participants from which 49 participants practiced a lacto-
ovo vegetarian dietary habit while the remaining 54
participants regularly followed a vegan dietary habit [21].
Researchers asked the voluntary participants to regularly
consume specific dairy products, such as cheese and
yogurt, and closely monitored the resultant vitamin B12
and homocysteine concentrations via competitive
immunoassay [21]. The researchers primarily analyzed
the fluctuating concentration of the biomarker
homocysteine (Hcy), in the blood plasma. Subsequently,
researchers distributed a questionnaire among the
collective group of voluntary participants to interpret
their respective dietary habits and consumption of
recommended vitamins. Researchers demonstrated a
keen interest in analyzing whether a specific type of
dietary habit, such as vegetarianism and veganism, could
contribute towards altered vitamin B12 concentration.

Upon the conclusion of this epidemiological study,
researchers noted that the concentration of
homocysteine was significantly higher within the group
of voluntary participants that followed a vegetarian diet
in comparison to those participants who consumed a
vegan diet. Specifically, researchers reported that the
concentration of vitamin B12 augmented among the
voluntary participants who consumed a vegetarian diet
which included the consumption of yogurt. Additionally,
regular consumption of yogurt among the voluntary
participants who followed a vegetarian diet caused an
increase in homocysteine and methylmalonic acid
concentrations within the blood plasma. Researchers

noted a substantial increase in the concentration of
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homocysteine after the consumption of egg alongside a
vegetarian diet in comparison to the vegan diet.
Similarly, researchers implemented a cross-
sectional epidemiological study conducted in September
2019 to analyze the potential efficacy of a specific dietary
mediation on metabolic syndrome progression [22].
Within  this epidemiological study, researchers
established a cohort size of 1065 voluntary participants
who resided within Mexico [22]. The treatment group
consisted of voluntary participants who were clinically
diagnosed with metabolic syndrome and were asked to
consume a specific dietary intervention which was low in
saturated fat. The control group consisted of voluntary
participants who were not diagnosed with metabolic
syndrome and were asked to consume the dietary
intervention that was not manipulated in order to assess
the potential influence of the placebo effect. In less than
half a month, researchers estimated a 24% decline in the
concentration of triglycerides upon the regular
consumption of the primary dietary intervention [22].
Moreover, researchers reported a decrease in low-
density lipoprotein cholesterol levels alongside glucose
concentration which readily contributed towards the

management of metabolic syndrome progression.

Epidemiological Study Type IV: Randomized Controlled
Trial: The last research design format that has been
recently implemented among epidemiological studies is
the randomized controlled trial. This particular research
design format permits researchers to successfully
develop hypothesis and alternative hypotheses
statements which assess a possible causal relationship
among the manipulated treatment and chronic disease
progression. By doing so, researchers determine whether
the introduced treatment option caused a direct impact
in mitigating and/or inhibiting the advancement of a
particular chronic disease within a clinical setting.

Additionally, this research design format encourages
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researchers to determine whether there are alternative
risk factors and comorbidities that are contributing
towards the continued progression of a specific chronic
disease which the introduced treatment option may have
not been able to successfully counteract.

Through the implementation of a randomized
controlled trial design, researchers are able to collect
dependable statistical evidence from the series of
repeated clinical trials that are conducted within an
epidemiological study. The repetition of clinical trials
ensures a greater source of accuracy and overall
authenticity for upcoming epidemiological studies who
would want to pursue a similar mode of treatment

intervention and placebo option to evaluate functional
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food efficacy in the prevention and/or management of a
specific chronic disease. Furthermore, this particular
research design format permits researchers to apply
randomization  within  the unique  treatment
interventions being provided to the respective treatment
groups which will readily diminish potential confounding
variables that may arise within the duration of the
epidemiological study. Despite the overwhelming
number of advantages present for a randomized
controlled trial, outlined in Figure 5, researchers should
take into consideration that this specific research design
format is recognized to be expensive, long term with
regards to time duration, and mainly influenced by

external validity.

Randomized Controlled Trial Design

Incorporates the
respective steps of the
scientific method
within an
epidemiological study
in a clinical setting

Evaluates a possible
causal relationship
amongst manipulated
treatment and chronic
disease progression

5. Incorporates a series
of repeated trials

Determines primary
risk factors and
associated
comorbidities

Implements
randomization
amongst treatment

group

Figure 5. Description of the noteworthy advantages surrounding the implementation of a randomized controlled trial design

within epidemiological studies.

In an epidemiological study conducted in
September 2012, researchers implemented a
randomized controlled trial design in order to analyze
whether regular cinnamon ingestion at minute
concentrations could successfully manage blood glucose
levels among Type | and Type Il diabetes mellitus patients
[23]. Researchers have suggested that regular
consumption of cinnamon among human beings may

contribute towards the potential regulation of blood

glucose levels based on a series of epidemiological
studies that were conducted among a cohort of
laboratory model organisms within a clinical setting.
Researchers exhibited ambiguity when such clinical trials
were considered to be implemented within a cohort of
human beings as there were very limited research
findings pertaining to the evaluation of this possible
causal relationship. Therefore, researchers emphasized

that regular ingestion of cinnamon may help stabilize
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blood glucose levels among human beings which will
ultimately diminish the risk of ongoing chronic disease
progression.

For the purposes of this epidemiological study,
researchers established a cohort size of 577 voluntary
participants who were between the ages of 52 to 63 years
old and were diagnosed with either Type | or Type Il
diabetes mellitus [23]. Researchers provided the
treatment group of voluntary participants with 2 grams
of cinnamon (Cinnamomum spp.) per day in an
encapsulated form, while the control group received no
particular treatment and were tested for a potential
placebo effect [23]. Towards the end of this particular 16-
week epidemiological study, researchers ultimately
determined that there was an insignificant impact of
regular cinnamon ingestion on the management of blood
glucose levels among diabetes mellitus patients.
Researchers emphasized the necessity of conducting
further research with regards to analyzing potential risk
factors and assessing possible comprehensive
advantages from cinnamon ingestion. Additionally,
researchers advocated for the necessity of conducting
further studies surrounding the administration of
cinnamon capsules alongside oral medication which may
potentially help regulate blood glucose levels altogether.

Comparatively, in a supplementary epidemiological
study conducted in August 2012, researchers analyzed
the potential influence of cacao product consumption,
such as dark chocolate, on the management of
hypertension [24]. Researchers emphasized that cacao
products contain flavanols. Specifically, this specific
bioactive compound is recognized to stabilize blood
pressure levels to a normal range and ultimately
decrease the risk of cardiovascular disease progression
among the adult population. This particular
epidemiological study was conducted for 12 weeks with
an implementation of a randomized controlled trial

research design which was composed of a cohort size of

FFS Page 111 of 116

1804 voluntary participants in total [24]. The treatment
group received approximately 670 milligrams of flavanols
alongside 105 grams of cacao products on a daily basis,
while the control group received no specific treatment
[24]. Upon the conclusion of this epidemiological study,
researchers noted that there was indeed a noteworthy
reduction in blood pressure levels among the cohort of
voluntary participants who received the cacao

treatment.

DISCUSSION

This review article provides an analysis of retrospective
epidemiological studies that were conducted upon the
implementation of one of the following research design
formats: cohort design, case-control design, cross-
sectional design, and randomized controlled trial design.
Although each respective research study demonstrated
an analysis of the overall efficacy of one particular
functional food in preventing and/or managing the risk of
chronic disease progression, it remains of utmost
importance to recognize which specific epidemiological
research design formats would be considered most
applicable in the evaluation of functional food products
altogether.

A cohort design presents substantial advantages
and minimal disadvantages (Table 3). Identification and
meticulous analysis of potential risk factors that may
readily contribute towards the risk of chronic disease
progression over a duration of time can be elucidated.
Furthermore, the utilization of a cohort design permits
researchers to gauge the prevalence of a specific chronic
disease and its associated primary and secondary
presented symptoms. Via the implementation of a cohort
design researchers can evaluate the pathogenesis of a
particular chronic disease and determine the probability
for recurrence among a set population based on dietary
and lifestyle habits [25-26]. Conversely, the application of

a cohort design necessitates the arrangement of
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significantly large sample sizes of voluntary participants
[27-28]. In addition, researchers acknowledge that
cohort designs are generally neither cost effective nor
brief in terms of time duration [27,29-30].

The second research design presented was a case-
control design. The underlying function surrounding a
case-control design is to make a rigid comparison
between a sample size of voluntary participants who are
diagnosed with a specific chronic disease and an
additional sample size of voluntary participants who are
not diagnosed with the unique chronic disease being
analyzed [31]. In other words, a case-control design
establishes a discrete comparison among individuals who
present a concrete set of risk determinants of a particular
chronic disease to those individuals who do not express
the risk determinants related to chronic disease
progression [26]. Researchers indicate that the overall
foundation surrounding a case-control design s
considered opposite to that of a cohort design.
Specifically, a case-control design is inexpensive and
transient and identifies research endpoints following the
provision of a specific manipulated treatment (Table 3A).
The implementation of a case-control design
demonstrates rather limited efficacy in acknowledging
chronic disease pathogenesis in a chronological manner
and gives rise to potential sources of research bias
[30,32-34]. Researchers often tend to dismiss the
application of case-control designs given the lack of risk
factor identification in addition to the shortcomings to
determine the projected risk of chronic disease
progression among a specific population (Table 3B) [33].

The third research design format was a cross-
sectional design which establishes independent and
dependent variables within an epidemiological study.
The cross-sectional design permits researchers to analyze
potential direct and/or indirect associations among a
multitude of identified variables over a short duration of

time [26, 35]. Cross-sectional design provides researchers
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with the opportunity to determine the percent frequency
of a particular chronic disease within a population at a
specific time period (Table 3A). Cross-sectional designs
do not establish discrepancy amongst possible risk
determinants and potential causal association amongst
established variables [36]. This experimental design is
unable to elucidate incidence rate surrounding a
particular chronic disease (Table 3B) [25,30].

The final research design format is a randomized
controlled trial design. This specific research design
encompasses the application of the respective steps of
the scientific method in a clinical setting [37]. A
randomized controlled trial design allows assessment of
prophylactic effects that could contribute towards the
prevention and/or management of the risk surrounding a
unique chronic disease. The implementation of a
randomized controlled trial design presents precise
statistical research findings upon conducting a series of
clinical trials and identifies causal relationships among
variables that pertain to the central research question
[38-40]. A randomized controlled trial design allows full
randomization of voluntary participant groups which
diminishes confounding variables in an epidemiological
study (Table 3A) [25,41-45]. However, implementation of
a randomized controlled trial design can be expensive
and require an extensive input of time (Table 3B) [30,46-
47].

Upon comparison of the aforementioned
epidemiological research design formats, the most
applicable research design format with regards to
analyzing the overall efficacy of functional food products
in the prevention and/or management of chronic disease
progression is a randomized controlled trial design [41].
Although this research design format is recognized as
expensive and longer in time duration, there is a greater
likelihood that this research design format can effectively
a specific functional food within particular anatomical

regions and metabolic pathways of human beings [37,48-
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50]. A randomized controlled trial design can readily

mitigate sources of research bias and possible

confounding variables. Increased application of

randomized controlled trial design can aid in the
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development of a contemporary functional food

definition that would be accepted on a global scale
clinical researchers, and

among food scientists,

policymakers.

Table 3A. Description of the advantages of different epidemiological studies.

Cohort Study

Case-Control Design

Cross-Sectional Design

Randomized Controlled
Trial

Identifies and analyzes the
potential risk factors of
chronic disease progression.
Allows researchers to gauge
the prevalence of a specific
chronic disease and
symptoms.

Allows for evaluation of the
pathogenesis of a chronic
disease.

Determines the probability
for recurrence based on
dietary and lifestyle habits.

v Compares individuals
who present a set of risk
determinants of a
particular chronic
disease to those
individuals who do not
express the risk
determinants.

v' ldentifies extraordinary
research endpoints.

v’ Inexpensive

v Transient

v/ Exhibits manipulation with

the establishment of
independent and dependent
variables.

v’ Permits researchers to

analyze potential
associations among a
multitude of identified
variables over a short
duration of time.

v Determines the percent

frequency of a particular
chronic disease within a
population at a specific time
period.

v" Shows the potential
prophylactic facets that
could contribute towards the
prevention and/or
management of the risk
surrounding a chronic
disease.

v Precise statistical research
findings.

v Identifies causal
relationships among
variables.

v/ Decreases potential
confounding variables by
using successful
randomization.

Table 3B. Description of the disadvantages of different epidemiological studies.

Cohort Study Case-Control Design Cross-Sectional Design Randomized Controlled
Trial
v A large sample size of v’ Limited efficacy in v Neglects the necessity for v Expensive

voluntary participants is
needed

v' Expensive

v’ Requires an extensive input

of time.

acknowledging chronic

disease pathogenesis in

a chronological manner
v’ Research bias

establishing a discrepancy
among possible risk
determinants and research

conclusions.

v' Does not highlight a

potential causal association
among established
variables.

v" Unable to address a

noteworthy incidence rate
surrounding a particular
chronic disease.

v Requires an extensive

input of time.
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CONCLUSIONS

After a thorough analysis of each respective research
design format, the randomized controlled trial design is
identified as the most applicable in the development of
epidemiological studies on functional food efficacy.
Although the incorporation of a randomized controlled
trial design is deemed as costly and time consuming, this
specific research design format is the most valuable for
functional food science research given there is
determination of a causal relationship among established
variables. Application of a randomized controlled trial
design within future epidemiological studies will permit
researchers to assess nutritional foods that have yet to
be assigned a specific subclassification within the broad
terminology of functional food.

The definition of “functional food” continues to
evolve and researchers continue to assess the role of
certain functional foods within the overall pathogenesis
of prevalent chronic diseases. This review article
describes the  methodological approaches of
retrospective epidemiological case studies. Upon
analyzing the respective statistical findings combined
with addressing the overarching research limitations
within the aforementioned retrospective
epidemiological studies, this review article strives to
advocate for the necessity of further developing a
contemporary standard definition for functional food
which can be agreed upon in unison by food scientists,
nutritionists, and government officials alike.

Despite a collection of retrospective
epidemiological case studies analyzing the efficacy of
different functional foods, there continues to remain
skepticism as to the extent of a particular functional

food’s capability to successfully prevent and/or manage
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