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Abstract

Data harmonization is the process by which each of the variables from different research studies
are standardized to similar units resulting in comparable datasets. These data may be integrated for
more powerful and accurate examination and prediction of outcomes for use in the intelligent and
smart electronic health software programs and systems. Prospective harmonization is performed
when researchers create guidelines for gathering and managing the data before data collection
begins. In contrast, retrospective harmonization is performed by pooling previously collected
data from various studies using expert domain knowledge to identify and translate variables. In
nutritional epidemiology, dietary data harmonization is often necessary to construct the nutrient
and food databases necessary to answer complex research questions and develop effective public
health policy. In this paper, we review methods for effective data harmonization, including
developing a harmonization plan, which common standards already exist for harmonization, and
defining variables needed to harmonize datasets. Currently, several large-scale studies maintain
harmonized nutrient databases, especially in Europe, and steps have been proposed to inform

the retrospective harmonization process. As an example, data harmonization methods are applied
to several U.S longitudinal diet datasets. Based on our review, considerations for future dietary
data harmonization include user agreements for sharing private data among participating studies,
defining variables and data dictionaries that accurately map variables among studies, and the

use of secure data storage servers to maintain privacy. These considerations establish necessary
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components of harmonized data for smart health applications which can promote healthier eating
and provide greater insights into the effect of dietary patterns on health.

Keywords

Data harmonization; dietary data; diet quality; pattern; longitudinal; intelligent; smart health;
randomized controlled trial; observation study

1. Introduction

Healthy eating is one of the foundations of a healthy lifestyle. A proper diet yields numerous
benefits, preventing a variety of diseases and helping people stay physically fit and live
longer. In fact, many health agencies such as American Heart Association (AHA), American
Cancer Society (ACS), and community-based programs recommend a healthy diet as a
preventive measure and treatment for obesity, diabetes (type-1, type-2), cardiovascular
disease, and various cancers (Medina-Remon, Kirwan, Lamuela-Raventos, & Estruch, 2018;
Schwedhelm, Boeing, Hoffmann, Aleksandrova, & Schwingshackl, 2016). As a result, a
great deal of current medical research seeks to answer questions regarding how different
diets impact health outcomes. Because of the inherent complexity of nutrition and the wide
array of possible foods that people may consume on a daily basis, research in this area
requires analyzing dietary patterns which reflect overall, habitual, long-term dietary intake
across large populations in order to reach statistically robust conclusions. These dietary
patterns inform the connection between nutrition and disease prevalence.

Dietary patterns characterize the variations in the population’s dietary intake and further
help nutritionists understand the relationship between the diet and disease. In nutritional
epidemiology, dietary patterns are derived through empirical (a priori) or a posteriori
method by analyzing data to identify the risk of prevalence or incidence of a disease

or mortality through an individual or population’s adherence to the identified patterns.

Use of dietary patterns has gained popularity in recent years in order to overcome the
conceptual and methodological limitations of analyzing just a single or a few nutrients or
foods relative to disease (Hu, 2002). In the future, intelligent machine learning algorithms
for smart health applications could even use dietary patterns for individualized intervention
recommendations.

However, before dietary patterns can be used in health studies and in intelligent algorithms
for smart health, larger datasets are necessary. Despite the popularity and usefulness of
dietary pattern analysis, its merits are still being debated in the research community (Hu et
al., 1999; Nanri et al., 2012; Roman-Vinas et al., 2009). This is due to challenges related

to analysis of usefulness and validity of dietary pattern studies. In addition, collecting and
analyzing dietary data in individual studies can be labor-intensive, time-consuming, and
expensive. As a result, existing studies primarily rely on small, targeted populations, and
the conclusions drawn from these studies are limited. If larger, more general datasets could
be collected, the validity and generalizability of research conclusions using dietary patterns
could be vastly strengthened.
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How could such datasets be compiled? By combining data from many different studies,
researchers can construct larger datasets which support stronger conclusions. Data from
multiple sources can be aggregated using a process known as data harmonization.
Integrating multiple data sources with common features can increase the comparability

of research data collected across independent studies, to help find answers to research
questions that a single individual study cannot be due to insufficient sample size. When
harmonizing datasets from various studies, it is essential to set up harmonization protocols
and refer to guidelines set forth before the study commences at participating studies to
ensure the accuracy and reproducibility of harmonization results. With the proper procedures
in place, data harmonization can help researchers construct datasets that support more robust
dietary pattern analysis. This, in turn, will improve research in nutritional epidemiology and
allow the development of smart health applications for nutrition.

To support data harmonization efforts in dietary studies, in this review, we identify

and outline the existing harmonization approaches and their application to nutritional
epidemiology. In section 2, we summarized the outcomes of our review of data
harmonization methods and outcomes. Section 3 describes the benefits of harmonization
and steps involving the harmonization plan, including examples of harmonization standards,
execution, limitations, and challenges. Section 4 details the steps involved in implementing
harmonization strategies we learned for longitudinal dietary data obtained from different
local and national studies. Finally, we conclude and summarize our findings from the survey.

2. Methods

This review includes a discussion of existing strategies for data harmonization in both
observational and randomized controlled trials (RCTs) in epidemiology. In our review, we
included published harmonization efforts in the field of nutrition and dietary studies between
2000 and 2017. We used keyword searches “diet” and “harmonization” to identify this
literature. We excluded those articles which were not relevant to diet or harmonization in the
literature search, as well as those that are not freely available. We performed an extensive
search using PubMed and Google Scholar to identify relevant literature and to uncover
creative approaches for harmonization. The currently used approaches are summarized in
this paper. We also include a section describing a case study of harmonizing dietary data
using retrospective harmonization methods.

Data harmonization is the process of pooling data from multiple studies into one useable
dataset. It is a strategy to increase the comparability of research data collected across
independent studies to help find answers for research questions that a single individual study
cannot find. This strategy has gained popularity in recent years in the field of nutritional
epidemiology. Extending the usability and validity of methods used for creating dietary
patterns using a single harmonized dataset may help researchers identify more accurate
associations between diet and various disease outcomes. By pooling the data from multiple-
center studies, independent or single-center studies, and limited data sources, researchers
can address critical questions regarding the broader impact of medical, psychological, and
behavioral research. Consolidating data from similar studies in any chosen field can help
researchers make informed decisions about disease incidence or risk factors (Angrisani &
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Jinkook, 2012). Harmonization also plays a vital role in developing standardized indicators
to measure the impact of dietary recommendations on different subgroups within a country
or globally (Dubois, Girard, & Bergeron, 2007), essential in creating centralized databases
(Beer-Borst et al., 2000). These harmonized databases enable researchers to search across
disease conditions and dynamically generate charts, maps, and tables (K. EImore et al.,
2014).

There are two types of harmonization — prospective and retrospective. Prospective
harmonization is possible when investigators collectively set up guidelines for collecting,
managing, and pooling of the data before initiating the studies. Prospective harmonization
can help supply core measures before the data collection, allowing flexibility in

data collection on unique characteristics and reducing the efforts required to address

the limitations of retrospective harmonization. Prospective harmonization allows more
flexibility in study design and minimizes cost and time required, as the technical
implementation becomes complex when harmonization is done after designing the study.

On the other hand, Retrospective harmonization is performed by pooling the data from
different studies after data collection and using the knowledge of domain experts to identify
and translate study-specific variables to variables with common definitions and units of
measure. In both types of harmonization, domain experts should identify and document
schematic concepts in the earlier stages, which can be used in later stages of the process.
During retrospective harmonization, however, most of the time, data obtained from different
studies initially are not harmonized (or have common definitions or units of measure), or
documentation regarding the methods used for harmonization may not be provided, leading
to unexplained variation in results.

Both types of data harmonization are useful for a wide array of dietary studies.

While ongoing or completed independent diet studies collect dietary intake data, data
harmonization among dietary studies can provide more powerful and accurate assessment
of the relationship between diet and disease in a broader spectrum. Frameworks to estimate
average nutrient requirements have been developed in the past by different research groups
(King & Garza, 2007). Having research questions, hypotheses, critical data domains, and
specific items necessary to address the critical research questions determined before rather
than after study completion can serve the objectives of harmonization and reduce the efforts
required to integrate data from diverse data sources (Chandler et al., 2015), including
international studies.

Current harmonization efforts require planning and cooperation between different
researchers. Research projects to standardize data from international studies include — the
Biobank Standardization and Harmonization for Research Excellence in European Union
(BioSHaRE) (Doiron et al., 2013), European Project on Osteoarthritis (EPOSA) (Schaap
etal., 2011), Network of Cohorts in Europe and United States (CHANCES) (Boffetta

et al., 2014), Monica Risk, Genetics, Archiving and Monograph (MORGA M) (Evans

et al., 2005), the European Prospective Investigation into Cancer and Nutrition (EPIC)
study (Orfanos et al., 2007), and Nutrition in Adolescence (HELENA) (Moreno et al.,
2008). While developing data harmonization tools and standardized Information systems
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for centralized databases, these projects also addressed the issues raised when pooling data
from individual studies across cohorts in international research projects. For example, the
harmonization process involved rigorous study selection criteria, which focused on assessing
the comprehensibility of data and access to aggregated data remotely for statistical analysis.
This prospective initiative allows the research community to choose harmonized variables
required to answer their research question. Periodic workshops will enable investigators to
validate the variable definitions. (Schaap et al., 2011) (Boffetta et al., 2014; Evans et al.,
2005). While harmonization efforts have been recently promoted and are ongoing, more
harmonization initiatives will help expand research opportunities.

There has been a growing interest in the use of Machine learning algorithms in nutrition

in recent years. Studies are starting to take advantage of the power of machine learning
algorithms to extract useful information, find patterns and predict diseases. As data obtained
during a dietary study can be significantly large from food frequency questionnaires,
smartphone/application/ food registry. Supervised machine learning algorithms such as
Neural networks, decision tress along with classification and regression are used in dietary
data analyses. (Oliveira Chaves et al., 2021) As harmonization enables pools data from
different sources, similar deep learning and machine learning methods can be applied to
analyze the data to identify patterns or correlations.

Besides cooperation in deciding the study’s criteria, the harmonization process also involves
technical details to determine how the data will be combined. Variables required to generate
target variables (harmonized variables) are identified by assessing the study questionnaires,
data collection procedures, data entry and analysis nutrient and food databases, if applicable,
and data dictionaries developed by each study. Harmonized variables can be uploaded

to secure servers at the host institution to apply processing algorithms implemented for

each study to generate the target variables. For secure and easy access to data summaries,
password-protected portals should be set up and organized by the host institution server.
Funding agencies should recommend that investigators and staff participate in face-to-

face meetings to educate them about harmonization protocols ahead of study initiation
(Chandler et al., 2015) (Erten-Lyons et al., 2012) to ensure a mutual understanding of

these harmonization methods. Now that we have described what harmonization is and how
to approach harmonization; in Section 3, we will summarize the benefits and ways to
harmonize data, how to develop a plan for harmonization, and execution of the plan. Section
4 describes our experience with data harmonization and the challenges we encountered
during this process.

3. A Review of Data Harmonization Methods and Outcomes

3.1. The Benefits of Harmonization

As the breadth and depth of global research output increase, harmonization has become
imperative to provide the tools and knowledge needed for more advanced scientific
studies. Cancer and genetic studies that implement data harmonization practices improve
the ability to answer complex research questions and identify rare outcomes, especially
when stratifying data by genotype or other subcategory (Rolland et al., 2015). Worldwide
harmonization of nutrient-based dietary standards for micronutrients will significantly
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benefit health quality and policy development and implementation. Independent studies
that follow the same definition for diseases are more straightforward to incorporate in
harmonized databases than those that do not have the same specific definitions. These
benefits result from the standardization and pooling of data resulting from harmonization
practices.

Harmonization initiatives may also allow the construction of food or nutrient databases to

be leveraged for scientific and policy purposes. For example, researchers have developed
harmonized databases for studying dietary lignans in foods across several countries (Finland,
Netherlands, United States, Canada, United Kingdom, Japan, and Spain) (Durazzo et al.,
2018; Peterson et al., 2010), which promoted more investigation about the health effects

of this compound. The University of Minnesota Nutrient Database, constructed using
harmonized data from two case-control dietary studies, allowed researchers to study the
association between sugar and starch intake, and the risk of Barrett’s esophagus (Li et al.,
2017). Furthermore, harmonized food classifications support the development of dietary
quality measures; these include Nutri-Score, which measures nutritional quality of foods to
provide comprehensive food package labeling for consumers (Dreano-Trecant et al., 2020),
and the Dietary Approaches to Stop Hypertension (DASH) index, which provides a single
quantitative score of diet quality (Steinberg, Bennett, & Svetkey, 2017) to prevent and
control hypertension according to National Heart, Lung, and Blood Institute’s guidelines.
These quantitative tools, created through data harmonization, promote more dietary research.
Table 1 lists all the projects which use harmonization to achieve different objectives. Data
harmonization projects create opportunity to conduct joint research and enables debate
among subject matter experts to design studies that can focus on identifying health risks
across different continents/demographics goals and design better research projects.

Because of the benefits of harmonization in creating joint research and data storage
standards, collaborative projects have been formed in Europe to improve and promote
harmonization in dietary studies and databases. These efforts include EuroFOODS, EU Cost
Action 99, IARC European Nutrient Data Bank, and INFOODS/EuroFIR. These resources
promote the harmonization of dietary data across several types of studies. Data sources such
as EuroFIR FoodEXplorer provide databases of food nutrients that researchers may link

to other data sources. In addition, EuroFIR thesaurus allow the comparison between food
composition.

These resources can be used to compose harmonized datasets on the nutritional composition
of foods for a broad spectrum of activities in public health nutrition, research, and
government policy development and implementation (Egan, Fragodt, Raats, Hodgkins, &
Lumbers, 2007). In addition, many studies have adopted standardized definitions for various
diseases and their risk factors, allowing researchers to pool data from these studies to build
databases to better assess the impact of those risk factors on disease more effectively. For
example, many dietary studies have adopted the standard definitions of metabolic syndrome
(MetS) as defined by the National Heart, Lung and Blood Institute and International
Diabetes Federation in conjunction with the American Heart Association, World Heart
Federation, International Atherosclerosis Society, and International Association for the
Study of Obesity (Babio et al., 2015; Bellisle, 2014; Fernandez-Montero et al., 2013;
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Kuroki, Kanauchi, & Kanauchi, 2012; Sayon-Orea et al., 2014). A greater standardization
across country-specific databases may reduce measurement error (Summer et al., 2013).
Harmonization allows exploration of the relationship between chronic disease and dietary
patterns. Thus, researchers should develop a strong harmonization plan to enable their data
to be applied to a multitude of research questions.

3.2. Developing a Harmonization Plan

Data harmonization is highly beneficial but undergoing such a process is not simple.
Therefore, a well-formulated plan is a key to successful data harmonization — especially
prospective harmonization efforts. So, how is such a plan developed? During prospective
harmonization, as outlined in Elmore et al. 2014 (K. N. Elmore, R.; Gant, Z.; Jeffries,

C.; Broeker, L.; Mirabito, M.; Roberts, H., 2014), organizations should expect challenges
and unexpected delays in the process. Data harmonization requires informatics skills as
well as domain knowledge. Therefore, an organized research team that includes experts
in both management and technical aspects is necessary to achieve maximum productivity.
Domain experts should be consulted to select the standard data elements to be compared
across different datasets. To provide vision and to push the integration effort forward, senior
leadership should also be involved.

Furthermore, since the data-sharing policies between research groups play a critical role in
harmonizing data, participating studies must discuss and harmonize policies. In addition,
results shall be interpreted carefully from the harmonized data. If the outcome of a
harmonization effort involves the display and stratification of specific data, some studies
might not allow it due to the preexisting confidentiality agreements. Thus, collaboration and
effective communication between the research teams seeking to harmonize data is essential.

On the other hand, if the collaborators have already collected the data, harmonization
must be performed retrospectively, taking into consideration the differences in measures
between the datasets. One approach to retrospective harmonization is the “question-first”
paradigm, useful for hypothesis-driven research efforts involving specific variables. This
method generally requires a five-step process to complete. First, the research group needs
to identify what questions the harmonized data set must answer. Second, the high-level
variables which can answer the stated research question should be identified. Third, an
assessment should be performed on all the available data sets to check the availability of
those variables. Fourth, common data elements need to be developed from the identified
high-level variables. Fifth, data points should be mapped and transformed to the shared data
elements. In the end, the quality of the harmonized data should be verified and validated
(Arriaga et al., 2017; Fortier et al., 2017).

Conversely, organizations can harmonize data retrospectively by reviewing separate but
similar datasets (containing similarly defined variables) to align them such that they may
be used for comparison or stratification (K. Elmore et al., 2014). This alighment can

be accomplished by translating data into a generic format or associating metadata to

allow the comparison. Table 2 can be used to identify the level of compatibility between
assessment items and target variables for harmonization for study compatibility assessment.
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Incompatibility between key variables needed to answer the research question may preclude
a study from the harmonization process.

Although the goal is complete harmonization, it can be achieved only when all variables

are defined according to previously set data elements in the data sources using the

same criteria. While some studies integrate data harmonization practices from the initial
stages of a collaborative study (Chandler et al., 2015; K. Elmore et al., 2014), others

provide a generic approach for the harmonization process even after data collection
(Firnkorn, Ganzinger, Muley, Thomas, & Knaup, 2015). For example, in a research paper
on dietary intake in Bangladesh, Karageorgou et al. put forth a seven-step process for
retrospective harmonization (Karageorgou et al., 2018). These steps include identifying

and retrieving necessary data, identifying unique food items, matching foods to food
composition data, standardizing units, classifying foods into food groups, individualizing
household consumption, and merging the data into a complete dataset. These steps represent
an example of what a retrospective harmonization plan for a dietary study might entail when
formally specified.

Both prospective and retrospective harmonization plans should outline proper protocols for
future studies. Harmonization standards can help harmonize data across different stages of
the longitudinal study when the protocols have changed over time (Rolland et al., 2015).
Harmonization rules should be created for each of the variables based on the level of detail
available for each variable. If some of the data from studies included detailed information
for similar variables, additional variables must be created for increased granularity and
should encompass available alternative formats. Categorical variables should be collapsed
into the most granular level of detail to incorporate as many studies as possible and make
efficient use of study data (Mishra et al., 2016). Furthermore, for dietary studies specifically,
variables that are unavailable can be created by compounding outside data. For example, if
nutrient data is not available ingredient databases may be used. Defining how to incorporate
new data into an already harmonized dataset ensures that future studies can be incorporated
more efficiently (Karageorgou et al., 2018).

3.3. Examples of Harmonization Standards

Because harmonization practices allow pooling data from many regional and international
journals, they are often used to set regional and international research standards, including
dietary and chronic disease patterns. For example, a standard codebook that was created
based on the Eurocode 2 Core classification version 99/2 to provide coding for food items
consumed worldwide (Goossens et al., 2016) promotes international harmonization for
food labeling and food composition tables (Jones, 2014). Policymakers have emphasized
the importance of harmonizing food composition data in Europe to improve health, trade
(regulation and legislation), agriculture, and the environment (Egan et al., 2007). As a
result, many large-scale harmonization studies aim to encourage researchers to include
harmonization as their study objectives (Moreno et al., 2008) (Dekker et al., 2013).
Although these are a step toward retrospective harmonization initiatives, there still exists
a lack of prospective harmonization initiatives.
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Prospective harmonization has been promoted by providing initiatives to include a standard
format to collect common variables in future randomized controlled trials RCTs for specific
research areas. One example of this is OBEsity Diverse Interventions Sharing — focusing

on dietary and other interventions (OBEDIS), an expert-led project stating the minimal
variables needed in adult obesity interventions. The “blueprint” provided by OBEDIS allows
straightforward harmonization of data from obesity studies, including dietary data (Alligier
et al., 2020). It recommends using the EPIC-Norfolk food frequency questionnaire for
assessing dietary intake, the Dutch Healthy Diet index for assessing dietary quality, the
Dutch Eating Behavioral questionnaire for assessing emotional eating, and a 3-day weighed
food record. Having a standard set of variables simplifies data harmonization immensely;
thus, researchers performing RCTs should implement such protocols before data collection
begins.

Researchers can design questionnaires or study materials in dietary studies ready for
harmonization using previously validated global coding manuals and food descriptions.
During the harmonization of seven independent population-based surveys in six European
countries to create a centralized database, the EURope ALIMentation (EURALIM) coding
manual (Beer-Borst, 2000) was used to compare dietary measures across populations
(Beer-Borst et al., 2000). Dietary assessment methods may vary across studies, which

is a critical challenge to expect during retrospective harmonization. Converting fruit and
vegetable intake quantities to frequencies (categorical variables) can help overcome this
problem without considering different serving sizes across participating studies. Researchers
should take careful measures to ensure interpretability and avoid loss of information after
harmonization (Beer-Borst et al., 2000).

Several large-scale studies have already relied on harmonization practices and may serve

as future models. The Environmental Determinants of Diabetes in the Young (TEDDY)
study is a prospective, multi-center international study investigating associations between
diet and other environmental factors and diabetes (Joslowski et al., 2017). The harmonized
acrylamide database was compiled by using values from the E.U. monitoring database

of acrylamide concentrations in foods maintained by the Institute for Reference Materials
and Measurements (IRMM), which consists of a broad range of food commodities, all
analyzed in the lab (Freisling et al., 2013). The national food, nutrition, and physical activity
survey were designed to assess Portugal’s population diet and physical activity using data
harmonized according to EU-MENU and European Food Safety Authority guidelines (Lopes
et al., 2018). Harmonization has also been used to study the relationship between linoleic
acid, arachidonic acid, and cardiovascular disease, and also protein and risk of diabetes
(Marklund et al., 2019; Sluik et al., 2019).

By making basic information such as data summaries and descriptive statistics available

to the collaborators, the coordinating center will control the data and monitor data access.
When there was a need to perform more complex analysis in BioSHaRE, the DataSHIELD
(Wolfson et al., 2010) method was employed in the R software environment (Doiron et al.,
2013) for data transmission through a secure layer. BioSHaRE emphasized the importance
of high-level collaboration between different parties to achieve the goals of harmonization.
The BioSHaRE project also required the active involvement of study investigators
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and research center staff throughout the project. Mica-Opal federated framework and
DataSHIELD R-package played vital roles in enabling a secured infrastructure that could
tolerate computationally extensive tasks. The algorithms used for generating the required
variables will vary depending on the agreement between locally available data and the
response variables (Schaap et al., 2011).

3.4. Executing the Harmonization Plan: Variable Definition

Defining the variables needed to combine datasets from different studies is one of the

most critical challenges in both prospective and retrospective harmonization. Therefore,

all variables must be documented clearly and concisely (Olstad, Poirier, Naylor, Shearer,

& Kirk, 2015). In the harmonization of nutrient profiling systems, for example, it is
essential to avoid inconsistencies in variable definitions and results between the different
studies (Pavlovic, Prentice, Thorsdottir, Wolfram, & Branca, 2007). For example, when
defining “average requirement,” it is essential to mention the average requirement for a
defined group of individuals or across different populations. Failure to do this could lead to
misinterpretation and errors in analysis. Variations in this information could lead to severe
health consequences in that regional population. Therefore, documenting variable definitions
is so crucial.

To define variables properly, a systematic review may be necessary. Systematic reviews play
a significant role in the process of harmonization by evaluating the strength and quality

of evidence under review. These reviews are essential for deciding which variables are
necessary to pool data. Furthermore, a recently published consensus study (“Harmonization
of Approaches to Nutrient Reference Values,” 2018) outlines assessing the risk of bias as a
significant challenge. Researchers may use a qualitative approach or perform a bias-adjusted
meta-analysis to evaluate the risk of bias. In the process of systematic reviews, evidence
mapping may be used to mitigate bias or uncertainty. Systematic reviews can also help
overcome non-methodological challenges, such as constraints in policy, funding availability,
and lack of expertise, by providing justification for variable definition choices to other
professionals in the specific area being researched.

Global harmonization variable definitions will improve the objectivity and transparency

of values derived by diverse regional, national, and international groups. While providing
an everyday basis for experts, this process will also permit developing countries to

convoke groups of experts to identify how to modify existing standards for a population’s
specific requirements, objectives, and national policies. The harmonization task involves
convening an ad hoc committee to review and assess methodological approaches to develop
recommendations using experts’ evidence and discussions. The framework will consider
impacts and trade-offs in consideration of methodological approaches for developing intake
recommendations globally. Workshops and conferences should be conducted to reach a
global agreement on methodologies. For establishing the recommended nutrient intake,
either an existing systematic review is updated, or a new review is initiated. Each stage

of the process must be documented, including the limitations in the data and methods to
enable transparency in the harmonization process. All the uncertainties must be considered.
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The report outlines the detailed process of deriving nutrient values, starting with identifying
nutrient values to review until the selected nutrient values are accepted, revised, or derived.

Disparate datasets may define variables differently; thus, it is important to document these
definitions when performing harmonization. After assessing the availability of the data on
each research area, a common wiki website to document all the standard variable definitions
may serve as a reference for the researchers who wish to perform analyses in the future.
(Evans et al., 2005) After identifying the variables from which target variables of the

parent project can be derived, new standard variables can be generated based on the data
available from the cohorts. As a wiki website can help in attaining an agreement among the
cohort investigators on standard variables and variable definitions via discussion boards, this
approach can also serve as an alternative to workshops for those involved in harmonization.
Finally, the data’s availability, comparability, and quality for variables from each cohort

can be assessed and documented in wikis. When harmonizing nutrients and international
exchange of food data, standardizing and evaluating nutrient components such as energy and
saturated fats are helpful based on the methodological objectives, and the data from different
cohorts (Olstad et al., 2015; Orfanos et al., 2007; Pavlovic et al., 2007)

Finally, for prospective harmonization, one of the most effective ways of ensuring that
different studies collect comparable variables is to develop standardized data collection
procedures before data collection begins, but during the study design phase. Some recent
studies have expounded specific criteria for measuring certain variables with harmonized
data in dietary studies — for example, in diet diversity data collection for allergy and asthma
studies; Venter et al. provided recommendations such as defining portion size quantitatively
and measuring the frequency of specific food or food group exposure (Venter et al., 2020).
In a study using harmonized data to measure the effect of workplace health promotion,
Coenen et al. conclude that including the effectiveness and compliance of such studies is
also necessary (Coenen et al., 2020). These allow the harmonization of data from multiple
studies to obtain all necessary information for comparison. Furthermore, nutrition care
terminology harmonization (Gabler et al., 2018) and pre-defined ontology frameworks for
dietary studies — including Output of Nutritional Epidemiology (ONE), which defines a set
of terms and the relationships between them in nutritional epidemiology (Yang et al., 2019)
— can help ensure descriptions for measures are comparable across studies and that studies
meet the criteria for interoperability. If data from multiple studies is already comparable,
harmonization becomes highly simplified.

3.5. Limitations and Challenges during Harmonization:

Beyond potential missing values, the data harmonization process may involve both statistical
and methodological challenges. Although data harmonization is more straightforward when
performing comparative standardized studies based on a uniform core protocol or meta-
analysis (Beer-Borst, 2000), researchers should expect critical challenges in the process

of harmonizing data from independent studies. This is because slight measurement errors
can bias the intended comparisons. Comparatively, it is cheaper to pool and analyze data
from previous studies than starting a new study to incorporate harmonization standards.
However, subject matter experts should evaluate the process in each study center using
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standard evaluation questionnaires before integrating these data into an international system
of risk factor surveillance which is used for identifying higher risk of chronic health
conditions. (Beer-Borst, 2000). Data from different studies are not always comparable
either; concessions made during harmonization may lead to data loss (Coenen et al.,

2020), so consultations with experts may be necessary to determine whether harmonization
between two studies is feasible to answer the desired research question.

Studies use different protocols depending on the data required for their objective, which
raises another challenge—uvariations in the data available from cohorts present novel
challenges in harmonization flow. Lack of harmonized information on core characteristics
(e.g., occupational exposures) relevant to the project may limit the usefulness of the

data for the intended purpose. For instance, when harmonizing dietary data, finding an
optimal value for dietary intake is challenging for two reasons (Beaton, 2009). First, the
requirements of dietary intake may vary among individuals based on individual metabolic
capacities. Second, where there is unknown measurement error, moving the cutoff point
can only change the proportion of error among two categories; however, it is impossible
to avoid measurement error. This becomes challenging in the process of either prospective
or retrospective harmonization when different studies use improper tools and elaborate
definitions of common data elements. Thus, comparing studies may be difficult.

Researchers should also expect challenges specific to harmonizing dietary data. The
enormous number of foods, constantly changing nutrient composition of foods, and possible
missing data values make maintaining food databases difficult (Kapsokefalou et al., 2019).
In addition, some food data are challenging to measure - for example; it is challenging to
assess intakes of red and processed meats separately because of disparities in how these
foods are typically prepared and processed in different food cultures (Mendez & Kogevinas,
2011). Also, since food groupings in the food composition databases differ among nations,
to overcome categorization difficulties, the Langua aLimentaria method (Ireland & Mgller,
2013) was used to provide a standardized language to describe foods in a systematic

way (Joslowski et al., 2017). Having different food composition tables can lead to errors

in estimating dietary intake when comparing different countries (Kovalskys et al., 2015).
Lacking standardized dietary methods for deriving dietary or nutrient patterns and standard
nutrient databases, disparities in data collection, analysis, and interpretation of dietary data
make identifying their association with the disease more challenging. (Moskal et al., 2014)

4. Implementation Of Harmonization for Longitudinal Dietary Data

In the field of smart health, researchers may seek to build intelligent algorithms or software
systems to monitor or predict patient health outcomes. This often requires harmonizing data
from multiple sources. However, as data harmonization is challenging, harmonizing specific
data such as dietary data uncovers intricacies in implementing principles. Harmonizing
dietary data requires large-scale collaborative work with the participating studies to achieve
harmonization goals. This section describes a retrospective harmonization approach and

the challenges encountered while implementing principles of harmonization as part of an
ongoing project (Fang, 2019). As part of the retrospective harmonization process, this study
selected four local studies (Merriam et al., 2009; Ockene et al., 2012; Schneider et al.,
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2008; M. L. Wang et al., 2015) and two national-level studies (“Design of the Women’s
Health Initiative Clinical Trial and Observational Study,” 1998; Friedman et al., 1988) which
collected dietary data as part of their study design. The key to successful harmonization is

a knowledge transfer between participating studies and the coordinating center during every
step of the process. Documentation and inventory of all data, code, manuscripts, and other
related materials associated with the process itself have been cataloged during every step of
harmonization. In addition, this catalog will help in documentation and knowledge transfer
for the collaborators who will work on the project at later stages. The complete process

we followed is depicted in Figure 1. The steps shown in this figure are described in the
following paragraphs.

Study identification and material acquisition:

Before the Harmonization process began, data and variables required to answer research
questions were identified using * Compatibility class can be used to determine whether
the study can be included in the harmonization process. (Fortier et al., 2010)

. All candidate studies were categorized into three classes, and those studies with complete
and partial compatibility were included as part of the harmonization process. Those
candidate studies which did not contain enough information to construct necessary variables
were categorized under the impossible criteria (compatibility class can be used to determine
whether the study can be included in the harmonization process ) and were excluded (Fortier
etal., 2010). In the next step, selected study sites were contacted through organizers or
points of contact who could provide access to the necessary data. If the study sites required
a proposal for data use, a document describing the purpose of harmonization was provided.
This document clearly outlined the project’s goals, how the coordinating center intended to
use the data, a list of collaborators who would have access to the data, and the extent of

use. This document also included a request for additional material related to data such as
derived dietary variables, data dictionaries, and any documentation required to interpret or
understand the data structure.

The coordinating center obtained data in available formats by working with participating
study centers. The process started with obtaining signatures on data use agreements (DUAS)
from all participating collaborators involved in the harmonization process who need access
to work with the data closely. DUA is an agreement between the study center and principal
investigators and collaborators, which outlines data usage and sharing policies. Upon data
exchange, obtained data were stored on a secure server with controlled network access,
limited to the collaborators who need to work with data. All new collaborators who need
access were approved via the principal investigator to access data. When using the data,

the collaborators must adhere to the data-sharing policies outlined by each study center per
contractual agreements, which ensures data privacy.

Aggregation of data from multiple sites:

The beginning of the harmonization process was a thorough inventory of all data, code,
manuscripts, and other material related to both local and national studies. This step allowed
the team to track decision-making and avoid duplication of effort in the process. In addition,
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both local and national study files were organized in a consistent format for readability and
accessibility. During all the stages of the harmonization process, the coordinating center has
preserved communications and detailed meeting notes in secure storage.

Create harmonized data dictionary:

Although all participating study centers provided variable descriptions, a data dictionary
was created at the coordinating center for each local and national study in a unified format
to allow for comparison. The variables of interest for dietary pattern recognition were
identified and put into a separate dictionary. Each data dictionary contained the equivalent
variables from each local study (if available) along with any notes regarding discrepancies in
units [e.g., kilograms, pounds], scales [e.g., variables produced from Likert scale questions,
as in O=never, 1=rarely, 2=sometimes]. For example, some might have a 5-level scale, others
seven, others just yes/no, or available responses. In contrast, another might have several
options].

Construction of harmonized dataset:

Dietary recall data, such as from 24-hour dietary recalls, food frequency questionnaires,

and diet histories, present a harmonization challenge across studies. Food pattern and
nutrient databases allow for converting the recall/history data to a set of nutrients that

may be used to calculate dietary quality indices or derive dietary patterns. In the United
States, the foundation of many of these databases was the USDA National Nutrient
Database for Standard Reference (SR). A subset of the food and beverage items and their
corresponding nutrients from the SR formed the basis for the Food and Nutrient Database
for Dietary Studies (FNDDS). The Food Patterns Equivalents Database (FPED, formerly the
MyPyramid Equivalents Database or MPED) converts FNDDS items into food groups based
on USDA dietary guidance (Ahuja, Moshfegh, Holden, & Harris, 2013). A similar database,
Food Intakes Converted to Retail Commaodities Databases (FICRCD), translates FNDDS
items into retail commaodities. In 2019, these components were integrated into the FoodData
Central system, which combined the above databases and the Branded Food Products
Database (BFPDB), Experimental Foods, and an Application Programming Interface (API)
for automated access (“A Consumer Food Data System for 2030 and Beyond,” 2020; “U.S.
Department of Agriculture, Agricultural Research Service,” 2019). In addition, SR data
was also used in developing other nutrient analysis systems, such as the University of
Minnesota Nutrition Coordinating Center’s Nutrition Data System for Research (NDSR)
and international food composition databases (Bowman SA et al., 2011; Heisey, King,
Rubenstein, Bucks, & Welsh, 2012; Schakel, Sievert, & Buzzard, 1988).

Dietary quality indices such as Healthy Eating Index (HEI) have often been derived from
FPED (Krebs-Smith et al., 2018), MPED (Guenther, Reedy, & Krebs-Smith, 2008), and
NDSR outputs. These variables include food groups, subgroups, and nutrients; they will be
created based on the collected original food item data and nutrient values computed from
the NDSR. While most studies use NDSR food variables/ groups, some used alternative
MPED, which presented a challenge in harmonizing dietary data further. New methods of
calculating the same score from different input data must be evaluated to ensure equivalency.
For example, the Geisinger Rural Aging Study (GRAS) compared the HEI-2005 scores
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of GRAS participants to age- and race-matched samples from the National Health and
Nutrition Examination Survey (NHANES) 2001-2002, FNDDS and MPED databases to
calculate HEI-2005 scores. Different versions of dietary quality indices do not necessarily
have the same components. Each update of the food group databases such as FPED may
create distinct groups, and harmonizing different versions requires careful evaluation. The
National Cancer Institute’s Automated Self-Administered 24-Hour Dietary Assessment Tool
(ASAZ24) has released SAS code to translate between one version of the MPED database and
a later FPED database [10], but other versions would require new efforts.

To identify disparities in the interpretation of the previously established food standardization
protocol among four different studies (Mendez & Kogevinas, 2011), each collaborator has
discussed the adjustments they have made to the initial groupings with the coordinator,
which can help the coordinators to evaluate the standardization protocol. Collaborators
expect that analyses performed to identify relevant health effects using standardized data
may be strongly related to specific food subgroups rather than broader subgroups (Slimani
et al., 2007). By supporting post hoc harmonization of intakes of selected food groups,

this project serves as a basis for developing a harmonized database that can facilitate

pooled analyses of prospective relationships between dietary intakes and health outcomes in
pregnancy and offspring using eligible data from multiple cohorts. As nutrient analysis tends
to be complex, many studies focus more on selected food groups to derive dietary patterns.

Storage and Infrastructure for Smart Health:

Having a shared data source for all sites will ensure prompt delivery and validation during
the data collection stage. A central data source, or a system of distributed data sources,

can enable investigators and coordinators to change the variable definitions/questionnaires
only once to update them across sites. Having such infrastructure can help gather, store,

and analyze data from a single place by enabling coordinators to control secure data access
(Joslowski et al., 2017). Furthermore, such database infrastructure enables researchers to use
the harmonized data in smart health applications — for example, the construction of a system
for intelligent, real-time dietary pattern analysis or precision nutrition health.

The back-end system requires security, efficiency, and scalability of the database. The
security aspect of the application guarantees that only researchers with appropriate
permission have access to sensitive medical data or the permission to add/remove data.
One of the essential aspects of designing our back-end database is a database management
system (DBMS). A DBMS is software that communicates with the database, applications,
and user interface to perform data entry, report generation, validation, and security
maintenance (Nourani, Ayatollahi, & Dodaran, 2019). In table 1, we first find and compare
the most used DBMS. There are two main types of DBMSs: relational and non-relational
(X. Wang, Williams, Liu, & Croghan, 2019). The relational DBMSs use the Structured
Query Language (SQL), and their data appear as tables of data with rows, columns, and

a strict structure and explicit dependencies. With this integrated data storage structure,

the relational schemas rely on the clean separation between data structure and data value.
Additionally, one of the main advantages of this type of database is its maturity in various
levels of data control, including granular security enforcement. The relational databases

Smart Health (Amst). Author manuscript; available in PMC 2023 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gurugubelli et al.

Page 16

are often used for information integration, ad hoc analysis, and reporting multiparameter
and longitudinal data tracking. However, one of the disadvantages of relational databases is
their querying performance in large-scale dataset as well as their scalability. Additionally,
PostgreSQL, being an open-source advanced database with active development, provides the
tool we need to develop an interactive and intelligent database.

On the other hand, the non-relational databases are not limited to a table structure. They can
also store non-structured data such as articles, documents, photos, etc. Hence, as opposed
to a relational DBMS, the non-relational databases are exceptional in scalability across
multiple servers. They also require minimal pre-deployment preparations and can make
quick updates to the data structure easier. However, the non-relational databases are limited
in joining related data, and they lack data standardization. Both of these systems have

been used to build database tools in practice (Gabetta et al., 2015; Harris et al., 2009;
Ohno-Machado et al., 2017; Wade, Hum, & Murphy, 2011; X. Wang et al., 2009).

Due to the nature of the harmonized database containing personal health information, it is
important that the chosen DBMS can maintain the harmonized database and personal health
information. For this reason, relational databases are the better options. However, we need
to overcome the disadvantages that come with relational databases. The first one is their
querying performance in large-scale datasets. To solve this problem, we chose PostgreSQL,
an open-source relation DBMS, that have been optimized to deal with a large amount of
Spatio-temporal data. PostgreSQL is shown to be four times faster in response time in most
cases compared to MongoDB, one of the most representative non-relation DBMS (Makris,
Tserpes, Spiliopoulos, Zissis, & Anagnostopoulos, 2020). PostgreSQL also outperforms a
time-series database (database optimized for time-stamped or time series data), InfluxDB,
in querying speed. PostgreSQL has 83.52%-89.42% shorter query time compared to using
InfluxDB database using large-scale dataset. The second problem is the scalability of the
relational database. The main problem with relational DBMS is scalability is that they can
only scale vertically, not horizontally. To increase the performance, we need to increase the
load on a single server by increasing RAM, SSD, or CPU. Contrary, non-relational DBMS
can scale horizontally by adding more servers to the database. PostgreSQL provides good
scalability, allowing multiple technical options for scaling, both vertically and horizontally.
Especially for read scalability, PostgreSQL has an efficient built-in replication system that
can be utilized for scalability. Based on these findings, we found that PostgreSQL can
satisfy the requirements for our harmonized database. Aside from the security of relational
databases, PostgreSQL also provides fast querying time and scalability. Most importantly, it
is open-source and community-driven, which means the technology will continue to advance
and improve quality, enabling us to develop interactive and intelligent harmonized databases.

Data management is a critical challenge in biomedical research. The proposed harmonized
database raised the demand for an enhanced data management capacity. The DBMS needs
to provide efficient data access, data integrity and security, data administration, concurrent
access, crash recovery, and reduced application development time. Most importantly, the
DBMS needs to ensure the secure data access of the nutrition data such that only the
investigators and coordinators can quickly access and update the central data source; the
basic information such as data summaries and descriptive statistics are made available to
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researchers. Thus, the DBMS can serve as an analysis tool and a testing framework for
diet-related research. Based on these requirements, we designed a database consisting of two
main parts: the front-end user interface and the back-end DBMS. The user interface provides
a fast and reliable framework that allows users to search and query the data from the
database quickly and easily. It also allows the users to run our proposed machine learning
methods for reference and test their methods using harmonized data for validation.

5. Discussion & Conclusion:

Data harmonization of diet data enables researchers to create databases that can increase

the breadth and depth of global research productivity in smart health. Large-scale dietary
data harmonization can be used for global risk surveillance. Regardless of perspective or
retrospective harmonization, the process, usability, and validity of methods used for deriving
dietary patterns from single dietary data set to derive patterns from harmonized dietary data
will open opportunities for innovation in method design and evaluation. Selecting the studies
which align with the goals of harmonization with clear criteria will reduce the magnitude

of resources required to harmonize the data in the later steps. Data dictionaries which are
provided by participant studies and those generated by the coordinating center play a crucial
role in knowledge transfer and in achieving the goals of harmonization.

As data harmonization becomes more prevalent, distributed computing technologies can aid
in its deployment. In future studies, rather than storing harmonized data in a centralized
location, data sources can be distributed across multiple sites. In this way, large quantities of
data can be stored and accessed by other users more quickly and easily. This also promotes
increased reliability and easier expansion of data storage capabilities. Hence, distributed data
storage can provide greater efficiency than centralized databases.

Furthermore, an advanced source of harmonized dietary data, such as the case study
presented in this survey, will enable the development of intelligent technologies for health
and nutrition. With extensive databases of dietary information, researchers can use machine
learning models and pattern analysis tools to examine diet quality in real time. In addition,
the data can be used in the development of smart health devices that monitor and improve
diet quality. Large, complex datasets are often important component of smart health and
intelligent systems, and data harmonization procedures provide researchers these quality
datasets that are necessary to develop such systems.

The success of harmonization hinges on the concrete planning and communication between
the coordinating center and the participating research centers and mutual understanding

of the goals of the project. A clear understanding of the process, continuous cooperation,
and communication between the participants allows progression and reduces friction in the
process. As the process moves forward, the responsibility of the coordinating center centers
on reaching the goals with the help of participant groups. As dietary patterns facilitate
identifying associations between diet and disease, funding agencies should encourage
researchers to use standardized definitions so that future studies can easily harmonize to
compile risk factor databases [31] further. The European Human Biomonitoring Initiative
(HBMA4EU) study encouraged others to provide documentation containing clear definitions
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of common data elements to aid prospective harmonization initiatives (Berman, Goldsmith,
Levine, & Grotto, 2017). There is a need for countries’ political and administrative bodies to
encourage researchers’ efforts in data harmonization to understand diet/disease associations
(Aubert et al., 2019; Dreano-Trecant et al., 2020; Durazzo et al., 2018; Li et al., 2017,
Rolland et al., 2015) (Kapsokefalou et al., 2019). Dietary patterns derived from harmonized
databases will allow epidemiologists to identify the causal relationship between aspects

of diet and medical conditions across different populations with interpretable and accurate
results.

It is clear that harmonized dietary datasets are useful across many different applications

— studying the link between diet and disease, creating intelligent health systems, and
improving dietary quality. In this paper, we have reviewed methods for effective data
harmonization, including current standards, steps for developing a harmonization plan, and
methods for defining common variables. By following the system of steps outlined in this
work to combine disparate datasets into one common source, researchers will unlock more
powerful insights and gain the ability to answer far more complex research questions than
previously possible.
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Fig. 1.

Dgta harmonization process. In steps 1-3, researchers determine where to obtain the data
which they need. In step 4, they communicate with study sites to obtain available data. Steps
5-6 describe how to construct a data dictionary, and steps 7--8 describe how to use the data
dictionary to create a database of fully harmonized data.
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Table 1

Collaborative harmonization projects for dietary data.

Project*

Country

Description

EuroFIR
FoodEXplorer

Finland, Netherlands,
United States, Canada,
United Kingdom, Japan,
and Spain

Extensive, up-to-date database tool which provides detailed data on all common foods
and nutrients. Users can browse data from numerous countries through a web browser or
download data using the software. This data is suitable for merging with data collected
in nutrition studies to analyze the health impact of different nutrients or dietary patterns.
FoodEXplorer is extremely useful for data harmonization.

EuroFIR Thesauri

Finland, Netherlands,
United States, Canada,
United Kingdom, Japan,
and Spain

Set of precise definitions for all common foods and their components. Provides a
standardized vocabulary for harmonizing food data, allowing researchers to ensure their
data collected is compatible with other food datasets.

INFOODS/
EuroFIR

Finland, Netherlands,
United States, Canada,
United Kingdom, Japan,
and Spain

Organization to manage networks of food composition data; ensures data quality and
availability across the globe. Performs harmonization of food data from different countries.

COST Action 99

LAk
European countries

Network of compatible food composition databases; ensures the quality of data
and compatibility of nutrition data across 32 member countries. Serves to perform
harmonization of food composition data.

IARC European
Nutrient Data Bank

. Ak
European countries

A database of harmonized food and nutrient data across 10 European countries created in
2002. Initial data included 100 nutrients across 1000 foods per country. Compiled using a
standard food classification procedure.

EuroFOODS European countries ™™ Workshop formed in 1983 to ensure harmonized data across nutrition databases in Europe.
Works outline guidelines for nutrient database harmonization.
TEDDY United States Study consortium of six clinical centers in the United States and Europe and a data

coordinating center to identify environmental factors predisposing to, or protecting against,
islet autoimmunity and type 1 diabetes.

*
Harmonization project title

HA
Finland, Netherlands, United Kingdom, and Spain
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Table 2

Compatibility class is determined variable-by-variable for studies which are candidates to be included in the
harmonization process.

Compatibility Class”

Pairing rules

Complete The definition, format, and data collection procedures allow the construction of the variable as described.

Partial The meaning and the format of the question or questions included in the questionnaire could allow the construction of
the variable as described but with an unavoidable loss of information.

Impossible There is no information or insufficient information in the questionnaire to allow the construction of the variable as

described.

*
Compatibility class can be used to determine whether the study can be included in the harmonization process. (Fortier et al., 2010)
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Table 3

Recommended harmonization process by Karageorgou et al.

Step*

Description

Step 1. Data Retrieval

Identification and retrieval of relevant dietary and sociodemographic variables.

Step 2: Unique food item identification and
description

Identification of unique food items (single-ingredient or disaggregated ingredient) across the
diet assessment methods by matching their available food description, further accounting for
food consumed away from home.

Step 3: Food matching

Matching food items to available food composition data for nutrient profiling.

Step 4. Unit standardization

Accounting for non-edible portions and cooking alterations using yield factors, converting,
and reporting in standardized metrics.

Step 5: Food classification

Classifying unique food items to food groups using previously established methods.

Step 6: Individualization of household
consumption

Household food and nutrient consumption individualized by the adult male equivalent (AME)
[36] and the per capita (P.C.) [37] approach.

Step 7: Final dataset preparation

Merging and creating a complete dataset including individual-level dietary and
sociodemographic information.

*
Each step is part of the retrospective harmonization procedure for 24-hour dietary recall and household datasets in Karageorgou et al.
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Prospective

Retrospective

Guideline
Creation

Before data is collected

After data is collected

Schema Purpose

Provides a plan; schema guides data collection

to ensure disparate sources are easily combined
Supplies core measures for interviews, surveys, and
questionnaires

Provides a translation; allows data from different sources
to be transformed so that pooling is possible Variables are
documented and translated to answer a specific research
question

Advantages

More flexible study design, allowing different ways to
collect core measures Minimize cost and time due to
lower complexity

Allows pooling of data already collected; faster and cheaper
than collecting new data Can combine results of disparate
studies that share a common purpose

Disadvantages

Cannot incorporate the same measures collected
previously or in other studies More expensive and
time-consuming to collect additional data instead of
combining previous datasets

More complex requires expert domain knowledge to pool
data Some data may not be comparable due to variations
in available variables across cohorts or heterogeneity in

measures If data are not comparable, the risk of data loss

Requirements

which elements are required to be collected in which
manner May seek to follow criteria from other similar
studies for maximum comparability

Pertinent Following collaborative project guidelines such as Wiki websites allow documentation of how variables are
Resources EuroFOODS or OBEDIS allows the combination of defined in different studies Databases and informatics tools
data from different studies Global coding manuals allow data to be easily stored and managed
provide insight into optimal questionnaire construction
Other Use informatics and domain knowledge to select The process must identify relevant questions, variables

needed, data available, and possible mappings of data points
between sets Can also translate all data into generic format if
possible

Example for
Dietary Data

The use of standardized disease definitions allow
disparate questionnaires to gather common dietary risk
factors for disease

Food definitions constantly change over time; can use
common food definitions to pool data from different time
periods after data collection
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