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Abstract

Purpose of Review Because nutrition plays a crucial role in the development of chronic diseases, ensuring nutrition secu-
rity is important for promoting population health. Nutrition security is defined as having consistent and equitable access
to healthy, safe, affordable foods essential to optimal health and well-being. Distinguished from food security, nutrition
security consists of two constructs: healthy diets and nutritional status. The study aimed to identify population measures
that reflect the important constructs of nutrition security (i.e., healthy diets and nutritional status) to inform U.S. nutrition
security assessment and monitoring.

Recent Findings Through a narrative review conducted across multiple databases, associations between subconstructs of
healthy diets and nutritional status were identified. Of the six subconstructs that constitute healthy diets, nutrient adequacy
and moderation were most often used to assess and monitor healthfulness of U.S. population diets and were associated with
health outcomes. There is little evidence of an association between health outcomes and macronutrient balance or diversity
in the U.S. Thirteen instruments were identified as potentially suitable for measuring at least one subconstruct of healthy
diet in the population.

Summary This review highlights the importance of nutrition security in addressing population health challenges. It empha-
sizes the potential use of multiple instruments and measures to comprehensively monitor population nutrition security and
inform intervention strategies. Identifying feasible and practical measures for assessing and monitoring nutrition security is
imperative for advancing population health and mitigating the burden of chronic diseases.

Keywords Nutrition security - Assessment - Monitoring - Health - Food security - Brief instruments

Introduction

Nutrition plays an important role in the etiology of several
chronic diseases, including obesity, cardiovascular disease
(CVD), type 2 diabetes (T2DM), and certain cancers [1].
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A healthy diet consists of nutrient-dense foods across all
food groups and can help minimize diet-related chronic dis-
ease risk [2]. Conversely, less healthy diets consist of high
intakes of added sugars, saturated fat, and sodium, and are
responsible for almost half of cardiometabolic deaths from
heart disease, stroke, and T2DM in the United States (U.S.)
[3]. Over 70% of U.S. adults are either overweight or obese
[4] and nearly $173 billion a year is spent on health care
for obesity [5]. One third of deaths in the U.S. are caused
by heart disease or stroke, and the diseases cost our health
care system $216 billion per year [6]. More than 37 mil-
lion Americans have diabetes, and the American Diabetes
Association reported the annual economic cost of diabetes
in 2022 was $412.9 billion [7].

Recognizing nutrition’s role in the perpetuation of
non-communicable diseases has led to the identification
of nutrition security as key to addressing U.S. population
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health. Nutrition security is an emerging concept that places
improvement of nutrition and health status within a broad
population framework. It has been defined as encompassing
consistent and equitable access to healthy, safe, affordable
foods essential to optimal health and well-being [8]. The
White House Conference on Hunger, Nutrition, and Health
identified monitoring the role of nutrition to prevent and
manage diet-related chronic conditions (i.e. measuring nutri-
tion security) as a priority [9].

Nutrition security assessment and monitoring relies on
availability of relevant nutritional data at the population
level that highlight the dietary intake and nutritional sta-
tus of individuals. Appropriate measures and indicators are
essential to track the U.S.’s commitment to healthy diets
in the population, advocate for healthfulness of diets, and
design policies and programs to achieve these objectives.
Having regularly available data for monitoring nutrition
requires a coordinated system that provides information on
diet, nutrition, and related health outcomes using suitable
measures and indicators [10].

Nutrition security complements, but is not the same as,
food security [11]. Both include a focus on food access
across the population to meet energy needs [8], but nutrition
security entails that nutritional needs are met alongside food
access [8, 11]. Two constructs—healthy diets and nutritional
status—form the basis of nutrition security. Six subconstructs
support healthy diets: nutrient adequacy, nutrient density,
macronutrient balance, diversity, moderation, and safety
[11, 12]. The subconstructs of nutritional status are having
optimal amounts in body tissues of energy, protein, essen-
tial fats, vitamins, and minerals [11]. While this framework
defines constructs and subconstructs of nutrition security,
we have not yet identified measures and indicators that are
recognized to be suitable to assess and monitor nutrition
security.

To begin addressing this gap, we must understand the
extent to which existing measures and indicators are suit-
able for population assessment and monitoring of nutrition
security generally and among vulnerable sub-populations.
To be suitable, measures and indicators for assessing and
monitoring nutrition security should meet the following cri-
teria: 1) reflect important subconstructs of nutrition secu-
rity; 2) associated with health outcomes; and 3) feasible for
population assessment and monitoring (i.e., easy to collect
and analyze within a short period of time).

The study’s aim was to identify population measures that
reflect the fundamental constructs of nutrition security (i.e.,
healthy diets and nutritional status) to inform U.S. nutrition
security assessment and monitoring. Our analysis focused
on four research questions:

1. What is the association of subconstructs of healthy diets
with subconstructs of nutritional status?
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2. What is the association of subconstructs of healthy diets
and nutritional status with food security?

3. What is the association of subconstructs of healthy diets
and nutritional status with health outcomes?

4. Which simple measures and indicators of nutrition secu-
rity, and combinations of them, are feasible for popula-
tion monitoring?

Methods
Search Strategy

We conducted a narrative review by searching electronic
databases and selecting literature to ensure a comprehen-
sive coverage of relevant information [13]. Between October
2022 and June 2023, we reviewed peer-reviewed original
research, systematic reviews, and grey literature in PubMed
and Google Scholar to obtain answers to the four research
questions. We developed search strategies for research ques-
tions 1-3 (Online Resource 1). For research question 4, we
searched the National Cancer Institute (NCI) register of vali-
dated brief dietary assessment instruments [14].

Inclusion and Exclusion Criteria

Articles were included for the first three research questions
if they met the following criteria: 1) focused on the U.S. pop-
ulation, 2) measured or focused on some aspect of nutrition
security as conceptualized by Seligman et al. [11] (Table 1),
3) described or assessed at least one health outcome or food
security, and 4) were published between 2012 and 2023.
Review articles were included. Articles were excluded if
they focused on food safety, a subconstruct of healthy diets,
as food safety does not generally pose a widespread threat
to population health in the U.S. Articles were also excluded
if they focused on the subconstruct of density because it is
related to the subconstruct of nutrient adequacy, and there-
fore it may be assessed instead of or in addition to adequacy
[12]. Brief instruments were included if they were developed
or validated among adults in the U.S. Brief instruments that
focused only on a sub-population of U.S. adults, e.g., racial
minorities, were excluded.

Data Screening

Two co-authors (E.K. & V.0.A.) screened titles and abstracts
of articles independently for eligibility. Duplicates were
removed. Those that remained eligible went through full-
text screening.
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Table 1 Constructs and subconstructs of nutrition security

Constructs & subconstruct  Definition

Healthy diets Food constituents consumed
Nutrient adequacy
Nutrient density Rich in nutrients per energy content

Macronutrient balance

Nutrient intake relative to requirements without excess

Balance of carbohydrates, proteins, and fats

Diversity Diets composed of a variety of foods derived from diverse food groups
Moderation Intake of food and nutrients related to chronic diseases
Safety Free of microbial pathogens, foodborne macro-parasites, toxins, and chemicals
Nutritional status Constituents in the body
Energy Calories
Protein Nitrogenous organic compounds that have large molecules composed of one or more long chains of amino acids
Essential fats Type of fatty acids (e.g., omega-6, omega-3) that the body cannot produce on it’s own, so they must be obtained
through the diet
Vitamins Organic compounds essential for normal growth, metabolism, and health
Minerals Inorganic elements essential for body function
Data Charting comparing instruments were adopted from the report by the

We developed a data-charting table for data extraction for
each research question. For research question 1, we reviewed
articles reporting the relationship between the subconstructs
of healthy diets and subconstructs of nutritional status. Arti-
cles were categorized by population, subconstruct of healthy
diet, instrument used to measure the subconstruct of healthy
diet, subconstruct of nutritional status, and associations
between subconstructs of healthy diets and subconstructs
of nutritional status.

For research question 2, we reviewed articles examin-
ing the relationships among food security, healthy diet, and
nutritional status. The information from each article was
extracted and categorized by population, subconstruct, food
security measure (e.g., U.S. Adult Food Security Survey
Module), and associations between subconstructs of nutri-
tion security and food security.

For research question 3, we reviewed articles looking at
the relationship between healthy diets, nutritional status, and
health outcomes, extracting information separately for sub-
constructs of healthy diets and subconstructs of nutritional
status. For healthy diets, we reviewed relevant articles and
extracted information from the following categories: subcon-
structs measured, health outcomes measured, and associa-
tions between the subconstructs of healthy diets and health
outcomes. For nutritional status, we extracted information
by subconstructs, biomarker (used to measure the subcon-
struct), health outcome, and associations between the sub-
constructs of nutritional status and health outcomes.

For research question 4, we reviewed articles on brief
dietary assessment instruments to determine how well they
measure healthy diets (or diet quality) and their accuracy
in assessing dietary data. The criteria for describing and

Institut de Recherche pour le Développement on healthy
diet metrics [15] and encompasses the following aspects: 1)
instrument, 2) assessment of healthy diet subconstruct, 3)
length of measure, 4) predictive validity for health outcomes,
5) how well the instrument assesses dietary data, and 6) ease
of computation.

Results

Associations between Subconstructs of Healthy
Diets and Subconstructs of Nutritional Status

Using different dietary assessment instruments, studies
among U.S. adults investigated the relationship between
some of the subconstructs of healthy diets (diet diversity,
moderation, nutrient adequacy), and nutritional status
captured via anthropometry (e.g., body mass index, waist
circumference, percent body fat); and the subconstructs of
healthy diets and specific biomarkers (e.g., serum choles-
terol). Healthy diet subconstructs were assessed via different
instruments including the Healthy Food Diversity (HFD)
index, Healthy Eating Index (HEI) (1995, 2010 and 2015
versions), and Sustainable Diet Index (SDI)-US. Higher
scores on the HFD index (which captures dietary diversity)
were associated with lower risk of adiposity or obesity [16].
Studies using the HFD index found lower odds of obesity,
android-to-gynoid ratio, and fat mass index (FMI), and
lower odds of elevated waist circumference among men and
women with the highest quality diet compared to the lowest
[16, 17]. Higher scores on the HEI (which captures nutrient
adequacy and moderation) were associated with reduced risk
of abdominal and central obesity, lower percentage body
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fat, and lower fat mass index [18-20]. A higher SDI score
captured nutrient adequacy and was also associated with
lower odds of obesity (Table 2). These findings indicate an
association between the subconstructs of healthy diets and
nutritional status as higher scores on indices of healthy diets
are associated with lower risk of adiposity (i.e., obesity and
percentage of body fat).

Associations Between Food Security
and Nutrition Security

In the U.S., both food-secure and food-insecure individuals
have poor diets [22, 23]. For the subconstructs of healthy
diets, macronutrient intakes did not differ when comparing
food-secure and food-insecure individuals, but food-
insecure individuals were at higher risk of inadequacy
for some micronutrients. Among food-insecure men and
women, lower intake was found for magnesium, potassium,
vitamins B6, C, and D, when compared to food-secure men
and women [24]. A systematic review of food insecurity and
diet quality found no evidence of an association between
food insecurity and intake of carbohydrates or protein and
limited evidence of adverse associations with total fat or
fiber, with mixed evidence concerning intake of saturated fat
[25]. There were, however, associations across samples of
varying age and sex between food insecurity and inadequate
intakes of calcium, magnesium, and zinc (Table 3).

The literature provides limited evidence regarding asso-
ciations between the subconstructs of nutritional status and
food security. In some studies, U.S. adults show positive asso-
ciations between food insecurity and obesity, with stronger
associations observed in women [26, 28, 34]. Researchers
investigating the connection between food insecurity and
inflammation found that food insecurity was linked to higher
levels of C-reactive protein with an adjusted odds ratio of
1.21 [29]. Furthermore, a study focusing on the associa-
tion of food insecurity with nutritional biomarkers in U.S.
children revealed no difference in vitamin D, zinc, and iron
status between food-secure and food-insecure children [30].
The associations between the subconstructs of nutritional
status and food security have not been extensively studied
in U.S. adults.

Associations Between Subconstructs of Healthy
Diets and Nutritional Status with Health Outcomes

Healthy Diets

The adequacy and moderation subconstructs of healthy diet
are associated with health outcomes (Table 4). There is less
evidence of an association between macronutrient balance
or diversity and health outcomes. Most U.S. studies relied
on the HEI and Alternate Healthy Eating Index (AHEI) to
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measure the healthfulness of diets. These indices, along with
several others, are primarily constructed to assess adher-
ence to a particular diet (e.g., Dietary Approaches to Stop
Hypertension (DASH) score) or dietary guidelines (e.g.,
HEI). They also encompass measures of adequacy, modera-
tion, and density. The AHEI was developed to better predict
health outcomes when compared to the HEI [35-37], but
there were no important differences between the associa-
tions from the HEI and AHEI with health outcomes [38, 39].
Both the HEI and AHEI are correlated with chronic diseases.
Higher scores on both indices are associated with reduced
risk of all-cause mortality, cancer, CVD, T2DM, and other
chronic diseases (Table 4). The Dietary Patterns Methods
Project synthesized that higher diet quality as measured via
the HEI, AHEI, alternate Mediterranean diet score, and the
DASH score was associated with an 11-28% reduced risk
of death due to all-cause, CVD, and cancer when compared
to the lower diet quality [40].

Nutritional Status

Energy, a subconstruct of nutritional status, is associated
with health outcomes. Excess energy has been linked with
adverse health outcomes including obesity, CVD, T2DM,
cancer, osteoporosis, and osteoarthritis [54]. Most adults
obtain sufficient protein through their diets. There is insuf-
ficient evidence to suggest that excess protein intake leads
to adverse health effects [55]. There is evidence, however,
that long-term consumption of red meat and processed meat
is associated with an increased risk of total mortality, CVD,
colorectal cancer, and T2DM [56, 57]. Diets high in satu-
rated fats are linked to higher mortality rates from all causes,
CVD, and cancer. In contrast, diets rich in polyunsaturated
and monounsaturated fats are associated with lower all-cause
mortality [58].

The Dietary Guidelines for Americans identified nutri-
ents or vitamins and minerals of public health concern for
individuals aged one year and older. The nutrients of con-
cern include low intakes of fiber, calcium (for individuals
aged 2 years and older), vitamin D, and potassium. Exces-
sive nutrient intake is a concern for sodium, added sugars,
and saturated fats (for individuals aged 2 years and older).
These nutrients have been associated with adverse health
consequences [59]. For sodium, high intakes above rec-
ommendations have been associated with higher risks of
hypertension and cardiovascular diseases [60, 61]. Both
suboptimal and excessive intakes of nutrients such as cal-
cium, iron, vitamin D, and potassium are associated with
health outcomes like hypertension and coronary heart dis-
eases [62—64] (Table 5). For instance, suboptimal vitamin
D concentrations are associated with higher risks of CVD,
hypertension, cancer, T2DM [63]; while excessive intake
of calcium supplements is associated with increased risk
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Diet quality was inversely

Outcome(s) and Subconstruct of Associations

Nutritional Status
Percent body fat, fat mass index

HEI-2015

Subconstruct of Instrument Used
Healthy Diet

Adequacy

Adult men and women

Population

Table 2 (continued)

18

Xu et al. (2020) [20]

Author(s), Year

Springer

associated with percentage body

Moderation

fat and fat mass index in both men

and women
Diet quality was inversely

associated with all fat distribution

measures in both sexes
Higher HEI-2010 total score was

excess energy

Central obesity:

HEI-2010

Adequacy

Mexican American adult

Yoshida et al. (2017) [19]

associated with lower odds of
central obesity in Mexican—

Moderation

men & women

American men. A higher whole

fruit or sodium score was

inversely associated with central
obesity in men but not in women

of cardiovascular diseases, including coronary heart disease
and myocardial infarction [64, 65].

Summary of Instruments

Twenty-four-hour dietary recall is a standard method to
obtain dietary data but is difficult to collect and analyze
for timely population-level monitoring. Thus, instruments
that measure the relevant subconstructs of healthy diets and
nutritional status and are valid and reliable on a population
basis are needed for timely population-level assessment and
monitoring of nutrition security. The following is a list of
potential instruments that may be used to assess and monitor
the subconstructs of nutrition security.

Healthy Diets

We identified 13 brief dietary instruments out of 63 brief
dietary instruments in the National Cancer Institute regis-
try that measured at least one subconstruct of healthy diets
and can be used for population assessment and monitoring
(Table 6). Three brief dietary instruments developed and
validated for global use were also included.

These brief instruments have between six and 26 items
administered as a short food frequency questionnaire, food
checklist, or behavioral questionnaire about dietary prac-
tices. Most instruments measure frequency of consumption
of specific foods or food groups in the past month [14]. An
exception is PrimeScreen, an instrument that captures the
frequency of consumption of certain food groups over the
previous year using five categories of frequency of con-
sumption: less than once per week, once per week, two to
four times per week, nearly daily or daily, or twice or more
per day [97, 98].

While some brief instruments were inclusive of food
groups or dietary components [14], others were specific to
fruits and vegetables [94]. For example, the Dietary Screener
Questionnaire (DSQ) is a 26-item instrument to capture
intakes of fruits and vegetables, dairy/calcium, added sug-
ars, whole grains/fiber, red meat, and processed meat. The
Behavioral Risk Factor Surveillance System (BRFSS) fruit
and vegetable brief instrument, however, has just 6 items on
fruit and vegetable intake frequency.

Some brief instruments (e.g., DSQ) have been used in
national surveys like the National Health and Nutrition
Examination Survey (NHANES) and the National Health
Interview Survey (NHIS) [14]. The Prime Diet Quality
Score (PDQS), Global Diet Quality Score (GDQS), and
Global Dietary Recommendation (GDR) score have been
used for global assessment and to distinguish between
healthy and unhealthy components using difference scores
(i.e., scores that combine both positive (healthy) and nega-
tive (unhealthy) components of an instrument to create a
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Table 4 (continued)
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(DDIs) to reflect diet quality was found to be

principally limited to nutrient adequacy, as high
diversity reflected nutrient adequacy. DDIs
do not readily relate to health outcomes as

findings are inconsistent

Low %E P:C was associated with an increased

All-cause mortality

Macronutrient balance

Wabo et al. (2022) [53]

risk of death from all-cause mortality

(protein-to-carb ratio (%E P:C))

total score). Others (e.g., Starting the Conversation or Rapid
Eating and Activity Assessment for Participants-Short) were
designed and validated for clinical settings [101, 103].

Most brief instruments were validated against standard
food frequency questionnaires and/or 24-h recalls to deter-
mine how well they measured dietary data (Table 6). Cor-
relations with the standard instruments were reported. While
some instruments had modest correlations with standard
instruments [94, 97], others underreported some dietary
components compared to standard instruments [14]. Few
of the identified brief instruments have been examined for
predictive validity for health outcomes [96].

The three brief instruments developed for global use
measure more healthy diet subconstructs compared to other
brief instruments. The GDQS measures nutrient adequacy,
diversity, and moderation [42], whereas the GDR score
measures nutrient adequacy, nutrient density, diversity, and
moderation [105]. The GDQS can be collected using a full
24-h recall but does not require quantifying and convert-
ing foods into nutrient values, making data cleaning and
processing simpler. The instrument can also be used via an
electronic app that provides standard, easy-to-use methods
for collecting low-cost, time-relevant data on diet quality.
For the ease of data collection, the GDR score relies on a
questionnaire that gathers simple information on consump-
tion (yes/no) of a limited number of food groups (or sentinel
foods representing those food groups), which allows a short
interview time (from 3 to 6 min) and does not require inter-
viewers to have specific training [15].

Nutritional Status

There are a range of methods for measuring the subcon-
structs of nutritional status, including anthropometric,
body composition, clinical, and biomarker measures. These
include several different techniques for measuring body
composition, including anthropometry, dual-energy X-ray
absorptiometry (DEXA), and bioelectrical impedance
analysis (BIA). DEXA and BIA are valid measures of body
composition at the population level, but not feasible for pop-
ulation data collection [54, 66]. Body mass index (BMI)
is a widely used anthropometric measure related to body
composition that predicts mortality of adults at the popula-
tion level, but BMI does not differentiate between body lean
mass and body fat mass [107-109]. Potential biomarkers for
assessment of red meat are 13C, 15N, Creatinine, Taurine,
I-methylhistidine, and 3-methylhistidine [56, 57]. For fats,
it may be useful to measure polyunsaturated fats, monoun-
saturated fats, and saturated fats via red blood cell, plasma
phospholipids, and cholesterol esters [57, 58].

Calcium levels in the blood are responsive to hormonal
regulation rather than dietary intake. Therefore, monitoring
serum calcium levels will not accurately capture changes
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in dietary calcium intake. Dietary calcium intake is related
to bone health. Measuring biomarkers of bone remodeling
(e.g., tartrate-resistant acid phosphatase, procollagen type,
osteocalcin) should determine the role of dietary intake of
calcium on bone health at the population level [81]. It may
also be appropriate to assess dietary intake of calcium to
assess adequacy of calcium intake. For vitamin D, serum
25-hydroxy vitamin D level is an appropriate biomarker
to assess vitamin D levels in the blood, as the levels are
reflective of dietary intake of vitamin D and sun exposure.
This biomarker is not appropriate to assess bone loss due to
deficient vitamin D intake [81, 110]. For potassium, blood
(serum) potassium concentrations and hypokalaemia are
not reliable measures of usual potassium intake or status in
the healthy population. Therefore, assessing dietary intake
of potassium is more appropriate to determine adequacy
of potassium intake [111]. Assessing urinary excretion of
sodium, especially over a 24-h period, is an appropriate
biomarker for dietary sodium intake at the population level
[112]. Lastly, higher consumption of heme iron is associated
with higher levels of serum ferritin and hemoglobin lev-
els. Serum ferritin as a biomarker reflects adequate dietary
intake of iron, especially heme iron, and is appropriate to
assess adequacy of iron intake at the population level [62].

Discussion

Nutrition plays a pivotal role in the prevention and manage-
ment of many chronic diseases, prompting the emergence
of nutrition security as an essential component in improv-
ing population health. Distinguished from food security,
nutrition security encapsulates not just access to food but
ensuring that food accessed and consumed meets nutritional
needs, which is the basis for the subconstructs of healthy
diets and nutritional status [11]. To inform U.S. nutrition
security measurement needs, our study aimed to identify
measures at the population level that reflect important sub-
constructs of healthy diets and nutritional status. To assess
key subconstructs for population monitoring, we reviewed
associations between healthy diet and nutritional status, as
well as their associations with food security and health out-
comes. These findings then laid the foundation for identify-
ing feasible measures and indicators crucial for assessing
and monitoring nutrition security.

Some biomarkers might be useful in monitoring nutri-
tion security. For some nutrients, like iron, assessing only
subconstructs of healthy diets is sufficient because biomark-
ers (e.g., serum ferritin) are associated with dietary intake.
For other nutrients such as calcium, biomarkers (e.g., serum
calcium) are not associated with dietary intake; nevertheless,
it may be useful to monitor some biomarkers such as those
of bone remodeling that are related to calcium functions in

@ Springer

the body, specifically bone health and potentially predictive
of health outcomes such as osteoporosis. Measuring all the
subconstructs of healthy diets and nutritional status may be
ideal but is not practical for population-level monitoring due
to time and financial constraints.

Food security is associated with some, but not all sub-
constructs of nutrition security. For example, in the U.S.,
limited evidence links food insecurity to specific macronu-
trient intake differences, although studies highlight associa-
tions between food insecurity and lower intakes of calcium,
magnesium, and zinc across various age groups and gen-
ders. Research in U.S. adults indicates positive association
between food insecurity and obesity in some sub-popula-
tions and with higher levels of C-reactive protein. While
there are associations between food security and certain
subconstructs of nutrition security, monitoring both will be
important. Nutrition security offers insights that food secu-
rity alone cannot provide.

Of the six subconstructs identified to constitute healthy
diets [11], our review found that nutrient adequacy and
moderation were most often used to assess and monitor
healthfulness of U.S. population diets and were associated
with health outcomes. There is little evidence of an associa-
tion between health outcomes and macronutrient balance or
diversity in the U.S. since most research relies on HEI/AHEI
and neither HEI nor AHEI captures these two subconstructs.
Further research is needed to relate macronutrient balance
and diversity to U.S. population health outcomes.

Various data systems and several instruments are used for
dietary assessment. Data systems include the NHANES, the
NHIS, and the BRFSS. Indices that are used frequently in
the U.S. are the HEI and the AHEI. While HEI is obtained
through NHANES data, and frequently utilized in research,
data from NHANES has been released to the public every
other year, and there can be a substantial lag before that data
is publicly available. It may be more opportune to utilize
HEI data in combination with a brief instrument or instru-
ments that could be incorporated into other surveys (e.g.,
NHIS), where data may be released more promptly. Possible
existing instruments include the GDQS, GDR score, PDQS,
and the BRFSS fruit and vegetable instrument. The GDQS,
GDR score, and PDQS also measure healthy and unhealthy
food consumption. This may inform policies and programs
to promote healthier foods and curb unhealthy food con-
sumption. Further research is required to understand the
predictive validity of these brief instruments in relation to
health outcomes. Additionally, it is essential to investigate
possible differences in the association of unhealthy foods
(moderation) and health outcomes vs. healthy foods (ade-
quacy) and health outcomes (i.e., risk reduction).

An ideal nutrition security system for population-level
assessment and monitoring should encompass several ele-
ments to ensure comprehensive and effective tracking and
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intervention strategies. The first is regular data collection.
There is a need for regular and standardized data collec-
tion mechanisms to monitor nutrition security across dif-
ferent demographic groups and geographic regions. This
may require multiple data sources, including surveys (e.g.,
NHANES, NHIS), health facilities, school records, and
community health workers to gather comprehensive data.
There may be value in linking multiple data sources, or at
least making use of multiple different sources, as the 1990
National Nutrition Monitoring and Related Research Act did
in bringing together multiple sources of data on nutrition
monitoring from federal agencies and state and local govern-
ments [10]. Rapid data collection and reporting that lever-
ages the use of technology, can help enable timely reporting
and interventions.

The next element is the measure of subconstructs of
healthy diets and, if appropriate and possible, nutritional
status, as well as monitoring health outcomes of impor-
tance, including obesity, CVD, T2DM, and other related
health conditions. Nutrition-related chronic diseases often
have associated biomarkers that are distinct from traditional
measures of nutritional status. For instance, blood pressure,
a biomarker for hypertension, does not inherently reflect
nutritional status or dietary intake. Similarly, biomarkers
like blood glucose levels and HbA1C play roles in diagnos-
ing and monitoring diabetes but do not inherently reflect
nutritional status or dietary intake. Measures like these may
be helpful in monitoring nutrition security because they
tell us about important consequences of nutrition-related
chronic conditions.

For measures of healthy diets, adequacy and moderation
independently and potentially differentially affect health out-
comes. Adequacy is focused on having enough important
nutrients in the diet, which may decrease risk of particular
health outcomes, whereas moderation is focused on mod-
erating the amounts of unhealthy constituents in the diet,
which can increase risk of poor health outcomes. It will be
important to track metrics for each of these two subcon-
structs separately rather than using the difference between
the two metrics. Using difference scores in dietary data is
not ideal due to overestimation of total scores, ambiguous
interpretation (i.e., midrange scores that can have various
contributing components resulting in different dietary pat-
terns), low reliability, discarded theoretical information, and
discriminant validity issues [39, 113, 114].

Another essential element for a nutrition security system is
data dissemination and transparency. Nutrition security data
and assessment results should be publicly available to encour-
age transparency and accountability, and will include effective
communication of findings to policymakers, healthcare pro-
viders, and the public [115, 116]. The last element is regular
evaluation and adaptation of the nutrition security system.
Incorporating feedback from stakeholders and communities to

improve the system over time, along with continuous evalua-
tion of the system’s effectiveness and adaptability to changing
circumstances will be necessary to ensure useful assessment
and monitoring. By incorporating these elements into a nutri-
tion security system, policymakers and stakeholders can better
understand the nutritional needs of the population and imple-
ment targeted interventions and policies to improve nutrition
outcomes at the population level.

Several lines of research would be particularly helpful in
further developing nutrition security monitoring. First among
these is how measures and indicators can capture and reflect
disparities in nutrition security across diverse populations.
Understanding how various factors such as socio-economic
status, geographical region, and cultural background intersect
with nutrition security is paramount in developing tailored
interventions and policies that can effectively target vulnerable
sub-populations. Another priority for research will be the ongo-
ing validating and updating of measures to reflect changes in
nutrition security over time. It is essential to consider whether
these updates should coincide with guidelines, like the Dietary
Guidelines for Americans, to ensure that our measures align
with the latest nutritional recommendations. Finally, the ques-
tion of how these measures should be communicated and uti-
lized remains central. Effective communication and utilization
are critical in informing policy decisions, interventions, and
resource allocation. In this context, the journey to understand-
ing and improving nutrition security is dynamic and evolving
and will require continued attention, research, collaboration,
and innovation.

Conclusion

This analysis outlined the relationship between subcon-
structs of healthy diets, subconstructs of nutritional status,
food security, and health outcomes. The interplay among
these highlights the complex understanding of nutrition and
its impact on population well-being. The pursuit of feasible
and practical measures and indicators for nutrition security
monitoring and assessment is a critical challenge. These
metrics serve as the foundation for evidence-based policy
development and program design, enabling monitoring of
progress towards ensuring the attainment of healthful diets
for all. The complexity of these associations necessitates
an ongoing commitment to research, monitoring, and the
implementation of data-driven strategies that can ultimately
enhance the health and well-being of our communities.
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