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ABSTRACT
Background: Access to high-quality dietary intake data is central to
many nutrition, epidemiology, economic, environmental, and policy
applications. When data on individual nutrient intakes are available,
they have not been consistently disaggregated by sex and age groups,
and their parameters and full distributions are often not publicly
available.
Objectives: We sought to derive usual intake distributions for as
many nutrients and population subgroups as possible, use these
distributions to estimate nutrient intake inadequacy, compare these
distributions and evaluate the implications of their shapes on the
estimation of inadequacy, and make these distributions publicly
available.
Methods: We compiled dietary data sets from 31 geographically
diverse countries, modeled usual intake distributions for 32 micronu-
trients and 21 macronutrients, and disaggregated these distributions
by sex and age groups. We compared the variability and skewness
of the distributions and evaluated their similarity across countries,
sex, and age groups. We estimated intake inadequacy for 16
nutrients based on a harmonized set of nutrient requirements and
bioavailability estimates. Last, we created an R package—nutriR—
to make these distributions freely available for users to apply in their
own analyses.

Results: Usual intake distributions were rarely symmetric and
differed widely in variability and skewness across nutrients and coun-
tries. Vitamin intake distributions were more variable and skewed
and exhibited less similarity among countries than other nutrients.
Inadequate intakes were high and geographically concentrated, as
well as generally higher for females than males. We found that the
shape of usual intake distributions strongly affects estimates of the
prevalence of inadequate intakes.
Conclusions: The shape of nutrient intake distributions differs
based on nutrient and subgroup and strongly influences estimates
of nutrient intake inadequacy. This research represents an important
contribution to the availability and application of dietary intake data
for diverse subpopulations around the world. Am J Clin Nutr
2022;116:551–560.

Keywords: nutrient, dietary data, intake, global health, methods,
subgroup, distribution, epidemiology, nutrient intake, nutrition

Introduction
Access to robust dietary intake data has been a persistent

limitation in the field of nutrition research (1). Individual-level
dietary data sets are scarce because of the large effort and expense
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involved in data collection. It is especially difficult to find data
sets describing an individual’s usual intake, which requires >1 d
of dietary recall to calculate. Even when these data are collected,
the resulting data sets are often proprietary. Data availability may
also be limited to a mean or median level of intake of a given
nutrient in a country rather than a full population distribution.
Altogether, these barriers inhibit our understanding of nutritional
vulnerabilities of countries and their subpopulations (2).

Consequently, researchers must often rely on coarser food
supply or household expenditure data (1). Although these sources
provide invaluable information about trends in the average
supply of nutrients, they mask important differences in food
allocation patterns among sex and age subgroups (3, 4) and are
insufficient for estimating the burden of disease risk and dietary
inadequacies or excesses. For this, researchers need information
on the distribution of usual intakes within sex and age subgroups
to assess the proportion of subpopulations at risk (5).

In recent years, there have been significant advances in access
to individual-level dietary intake data (6–9). For example, the
Global Dietary Database (GDD) project has compiled nutrition
data from >1600 surveys (10), representing one of the greatest
contributions to democratizing access to nutrition data to date.
Still, ∼14% of these data sets are not representative at the
national or subnational level, and about a quarter are not publicly
available.

Dietary data from 24-h recalls or food diaries are the
best available data for population-level dietary surveillance
because they estimate absolute intake with greater precision
(11). However, 1 d of recall does not represent usual intake
(long-term intake free from day-to-day variation) (12, 13).
Collecting a second day of intake in at least a subsample
makes it possible to differentiate within- and between-person
variation and use statistical procedures to estimate usual intake
distributions that exhibit only the between-person variation.
Although other methods have been developed for estimating
usual intake without multiple days (14, 15), these approaches
have limitations for accurate global estimation, especially in low-
income populations in which many foods are not consumed daily
(16). Furthermore, these data are not consistently disaggregated
by sex and age groups, although there is ample evidence
showing that consumption patterns differ across dietary factors,
subgroups, and countries (17–19).

The objective of this study was to fill these gaps by harnessing
data from geographically and demographically diverse surveys.
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Using individual dietary intake data from food consumption
surveys incorporating ≥2 recall days, we calculated usual
nutrient intake distributions for age and sex subpopulations in
31 countries for 32 micronutrients and 21 macronutrients. We
then found the best-fitting distribution shape to describe the
intake patterns for each sex–age group within a country. We
compared these distributions to highlight differences in intake
patterns across country, sex, and age groups based on their mean,
variance, and skewness and to show how shape is associated
with inadequate intakes. To make these data and distributions
accessible and applicable for future research, we developed an
R package called “nutriR” as an accompaniment to this article.

Methods

Diet recall data

Most data were obtained from publicly available sources,
including the GDD (10) and the FAO/Global Individual Food
consumption data Tool website (20) (Figure 1; Supplemental
Table 1; Supplemental Figure 1). For some countries, including
the Netherlands, Brazil, Belgium, Denmark, China, and Mexico,
data were made available upon request. We reviewed data sets to
determine their eligibility for inclusion in our analysis, based on
whether they had 1) individual-level dietary data, 2) calculated
nutrient-level data, 3) ≥2 d of dietary intake (for at least some
participants), 4) data based on a 24-h recall or diet record/food
diary, and 5) a sample size >200. If there was >1 nationally or
regionally representative survey for a given country, we selected
the most recent data set. To our knowledge, we included all
publicly available data sets meeting our parameters at the time
of this analysis.

Deriving usual intake distributions

In general, ≥2 d of dietary recall data are required to estimate
the proportion of total variance that is attributable to within-
individual variation (16). Although a recently developed National
Cancer Institute methodology uses only 1 d of dietary information
to estimate usual intake distributions (15), this approach faces
several limitations in the context of global assessments. First, it
requires that foods are consumed almost daily, which is often
not the case in low-income countries for foods such as fruit,
meat, fish, and eggs. Second, it is highly sensitive to the variance
ratio selected, and large variations in these ratios have been
observed across populations (16). At least some members of a
population should have ≥2 d of dietary recall data to generate an
unbiased estimate of usual intake, especially when populations
have different demographic characteristics (16). Because one
of the purposes of our analysis was to estimate usual intake
distributions among diverse populations and subgroups, we chose
to only include data sets with a minimum of 2 d of dietary data
for at least some members of the population.

We used the Statistical Program to Assess usual Dietary
Exposure (SPADE, v4.1.0) to estimate usual intakes of 21
macronutrients and 32 micronutrients from the available survey
data (Supplemental Table 2) (20). SPADE is an R-based
software package that models usual intake distributions based
on repeat 24-h dietary recall data by 1) transforming data to
a normal distribution, 2) removing within-person variability, 3)
estimating usual nutrient intake distributions as a function of age,

https://academic.oup.com/ajcn/
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Inclusion criteria
Datasets had:

• Individual-level dietary data

• Calculated nutrient-level data

• Two or more days of  intake (for at least some 

respondents)

• A 24-hour recall or diet record/food diary format

• Sample size >200

• Variables for age and sex

31 total datasets included

FAO/WHO GIFT
Bangladesh, n = 475

Bulgaria, n = 1723

Burkina Faso, n = 960

Democratic Republic of  Congo, 

n = 214

India, n = 242

Italy, n = 3323

Lao PDR, n = 2045

Malaysia, n = 573

Philippines, n = 1203

Romania, n = 1382

Uganda, n = 551

Zambia, n = 771

GDD
Canada, n = 20,483

Ecuador, n = 650

Estonia, n = 3049

Ethiopia, n = 323

Germany, n = 921

Guatemala, n = 226

Kenya, n = 718

Mozambique, n = 543

Pakistan, n = 270

Portugal, n = 6424

Sweden, n = 4288

NHANES
United States, n = 7483

Individual Research 

Partners
Belgium, n = 3146

Bosnia and Herzegovina, n = 853

Brazil, n = 46,164

China, n = 10,197

Denmark, n = 3806

Mexico, n = 4,343

The Netherlands, n = 6,331

FIGURE 1 Flowchart of data sets included in this analysis. For the full references and survey details, please see Supplemental Table 1. The n listed refers
to the sample size of participants in each survey who had at least 1 d of recall. GDD, Global Dietary Database; GIFT, Global Individual Food consumption
data Tool.

and 4) back-transforming the data onto its original scale (21,
22)). We chose to use this statistical model instead of the raw
dietary data (or the mean intakes across multiple days) because
without removing within-person variation, the variance of the
intake distribution would be higher than the true variance. As a
result, this can lead to highly biased estimates of the proportion of
the population above or below a reference value, especially when
a reference is closer to the tails of a distribution (12).

The calculation of inadequate intakes using the probability
method (see details below) requires that intake distributions be
described as probability density functions. We therefore used the
fitdistrplus R package v1.1-6 (23) (in R v4.1.1) to fit gamma and
log-normal distributions to the usual intakes of all available sex–
age groups (Supplemental Figures 2 and 3). We defined age
groups in 5-y intervals from 0–5 y to 95–99 y to align with the
GDD (2) and other common demographic data sets. We selected
the distribution with the best Kolmogorov–Smirnov goodness-of-
fit statistic as the final distribution for each group (Supplemental
Figure 4). We considered gamma and log-normal distributions
because they are continuous probability distributions bounded
between zero and positive infinity that accommodate the skewed
(asymmetric) shapes common among these types of data.

Describing and comparing usual intake distributions

We quantified and compared the shape of the fitted usual
intake distributions using 2 metrics: 1) the CV, which measures

the relative variability of a distribution, and 2) the skewness,
which measures the asymmetry of a distribution. Both metrics
are comparable across scales and distribution types. Although we
also calculated excess kurtosis—which measures the tailedness
of a distribution—we omitted these results from the article
because of their correlation with skewness; however, the kurtosis
measures are included in the “nutriR” data package described
below. Using the equations in Supplemental Table 3, we
calculated these metrics for each usual intake distribution. These
quantities were derived from the fitted distributions, rather than
from the distributions of the pseudo-population modeled through
the SPADE analysis, to maintain consistency throughout the
analysis workflow. If distributions had extremely low variability
(CV <0.01; Supplemental Figure 5), they were considered
unrepresentative of population-wide usual intakes and omitted
from the analysis.

To compare the similarity of usual intake distributions among
countries, sex, and age groups, we measured the percent overlap
between pairwise combinations of distributions within groups.
Percent overlap between paired distributions was assessed using
the Bhattacharyya coefficient (21), in which a value of 0%
indicates entirely divergent distributions and a value of 100%
indicates perfectly identical distributions. We evaluated the
similarity in distributions among countries as the median percent
overlap of all unique pairwise combinations of countries within
each sex–age group. To evaluate similarity in distributions
between sexes, we considered the median percent overlap in each
age group across all countries. To assess similarity in distributions
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FIGURE 2 Stylized usual nutrient intake distributions illustrating the importance of intake distribution shape in determining the prevalence of inadequate
nutrient intake. (A) All 3 distributions have the same mean (μ = 10 mg; vertical dotted line) and CV (0.4) but are described by different probability distributions.
(B) All 3 distributions are log-normal with the same mean (μ = 10 mg; dotted vertical line) but different levels of variability (CV: low = 0.2, moderate = 0.4,
high = 0.6). Percentages indicate the percentage of the population estimated to have inadequate nutrient intakes given an Average Requirement (solid vertical
line) of 12 mg with a CV of 0.10 and calculated using the probability method (25).

among age groups, we calculated the median percent overlap
of all unique pairwise combinations of age groups within each
country–sex group.

Estimating prevalence of inadequate intakes

To evaluate the implications of the shape of usual intake
distributions for achieving nutrient adequacy, we related metrics
of distribution shape to the estimated prevalence of inadequate
intakes. We estimated population-level intake inadequacy, also
known as the summary exposure value (24), for 16 nutrients
with estimated nutrient requirements using both the probability
method (25) and the Estimated Average Requirement (EAR)
cut-point method (hereafter referred to as the cut-point method)
(26). The probability method compares intake distributions with
a continuous relative risk curve, whereas the cut-point method
is a simplification of the probability method and assumes that
the prevalence of inadequacy of a certain population can be
estimated by assessing the fraction whose intake is below
a certain cut-point value (the EAR). The cut-point method
does not require knowledge of the shape of the intake and
requirement distributions, only that these distributions adhere to
a set of criteria. These include that the shape of the requirement
distribution be symmetrical around the EAR and that the variance
of the intake distribution be larger than the variance of the
requirement distribution (5, 26).

In both methods for estimating intake inadequacy, we used
the Average Requirements (ARs) provided by Allen et al. (27)
as the estimated nutrient requirements (Supplemental Figure
6). Allen et al. (27) reviewed alternative sources of nutrient
reference values and identified which were most up-to-date and
most appropriate for use in global-scale studies. We selected ARs
for iron and zinc based on their bioavailability in national diets.
We used the Human Development Index, a summary measure of
average achievement in key dimensions of human development
(28), as an indicator of likely dietary availability (Supplemental
Table 4). Although average nutrient requirements are available
for vitamin D, they assume no sun exposure, so we do not
calculate inadequate vitamin D intakes here.

The continuous risk curves of the probabilistic approach have a
value of 1 at low intakes, 0.5 at the relevant EAR, and zero at large
intakes. These absolute risk curves are based on the cumulative
normal distribution function of requirements (26) with a mean at
the EAR and a CV of 0.25 for the AR for vitamin B-12 and a CV
of 0.10 for the AR of all other nutrients (29).

The “nutriR” R package

We developed an open-access R package called “nutriR”
to share our data and facilitate its use by other public health
researchers. This package contains a series of functions that
allow the user flexibility in retrieving and plotting distributions,
shifting a distribution around a new mean (e.g., in response to
an intervention or based on a user’s own data set), estimating
inadequacy of nutrient intakes based on ARs, and characterizing
and comparing the shapes of distributions across populations
using descriptive statistical parameters. The R package, user
manual, and an interactive R Shiny web application for exploring
the fitted subnational nutrient intake distributions are all available
on GitHub (https://github.com/cfree14/nutriR).

Results
Our data compilation resulted in individual-level dietary intake

data with calculated nutrients from 31 countries and 5 continents
(Supplemental Figure 1; Supplemental Table 1). The methods of
recall included a mix of food diaries and 24-h recalls, generally
based on the literacy of the surveyed populations. The year of data
collection varied by country, from as early as 2002 in the case of
the Philippines to as recently as 2018 in the United States. Most
data sets (23 of 31) employed a 24-h recall methodology. The
level of representativeness varied, with 18 data sets representative
at the national level and the remaining representative at a lower
administrative level.

Our results show that there are large differences in the shape of
usual intake distributions across nutrients, countries, sexes, and
age groups and that these differences have profound impacts on

https://github.com/cfree14/nutriR
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FIGURE 3 (A) The CV and skewness of usual intake distributions by nutrient. Country–sex–age group representation varies among nutrients, and only
nutrients with data from ≥3 countries are shown. In the boxplots, the solid line indicates the median, the box indicates the interquartile range (IQR; 25th and
75th percentiles), the whiskers indicate 1.5 times the IQR, and the points beyond the whiskers indicate outliers. The side panels use selected distributions to
illustrate the impact of the (B) variability and (C) skewness of intake distributions on the prevalence of inadequate nutrient intakes. (B) Twenty- to 24-y-old
women in the selected countries exhibit usual calcium intakes with similar means but differing levels of variability. (C) Forty- to 45-y-old men in the selected
countries exhibit usual vitamin A intakes with similar means but differing levels of skewness. In both panels, the dotted vertical lines indicate the mean usual
intakes, the solid vertical lines indicate the Average Requirements, and the percentages indicate the prevalence of inadequate nutrient intakes within each
subpopulation using the probability approach (25). RAE, retinol activity equivalents.

the prevalence of inadequate nutrient intakes. Figure 2 provides
a stylized example to illustrate the concepts of nutrient intake
distributions explored in our analysis. Figure 2A shows how the
type of distribution (normal, gamma, or log-normally distributed)
can result in different estimates of inadequate intake, even when
the mean intake is identical. Figure 2B similarly shows this
concept but for the underlying assumptions about the variability
of a distribution. These hypothetical examples illustrate why
distributions matter when estimating usual nutrient intake for a
population.

Intake distributions vary in shape

The shape of usual intake distributions varied widely across
nutrients and between sexes. We compared usual intake dis-
tributions in terms of their variability, measured as their CV,

and their asymmetry, measured as their skewness (Figure 3A).
Although usual intakes of minerals such as phosphate, potassium,
and magnesium generally exhibited low variability (CV <0.5)
and asymmetry (skewness <1.0), usual intakes of vitamins
such as vitamins K, D, B-12, A, and C generally exhibited
high variability and asymmetry (Figure 3A). Vitamin intake
distributions also exhibited a wider variety of shapes than
mineral distributions and most fatty acid and other macronutrient
intake distributions (Figure 3A). The exceptions were the intake
distributions for omega-3 fatty acids and β-carotene, which were
highly diverse, variable, and skewed (Figure 3A), reflecting
subpopulations dominated by very low usual intakes but with rare
instances of very high usual intakes. Figure 3B,C illustrates how
increasing the variability and skewness, respectively, of usual
intake distributions affects distribution shape and estimates of
intake inadequacy.
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FIGURE 4 (A) The similarity in usual nutrient intake distributions across countries. Colors indicate the median percent overlap of all pairwise combinations
of intake distributions from countries within each sex–age group. Country–sex–age group representation varies among nutrients, and only nutrients with data
from ≥3 countries are shown. Lower overlap values indicate larger differences in nutrient distributions among countries, and higher overlap values indicate
smaller differences in nutrient distributions among countries. The side panels illustrate examples of (B) low, (C) moderate, and (D) high overlap in usual
intake distributions among countries. The colored lines represent usual intake distributions for different countries, solid vertical lines indicate the Average
Requirements (if available), and percentages indicate the mean percent overlap. RAE, retinol activity equivalents.

The similarity in intake distributions varies by nutrient,
country, sex, and age

The similarity of usual intake distributions varied more by
country and sex than by age group. We measured the similarity of
pairs of distributions as their percent overlap and the similarity of
groups of distributions as the median percent overlap of all unique
pairs (Figure 4A). The usual intake distributions of vitamin K,
retinol, ω-3 fatty acids, and folate exhibited the least similarity
across countries (see Figure 4B using vitamin K as an example).
On the other hand, intakes of minerals—especially magnesium,
phosphorus, and potassium—were very similar across countries
(see Figure 4D using magnesium as an example). In general,
intakes of the remaining micronutrients exhibited moderate
similarity across countries (see Figure 4C using calcium as
an example). Usual intakes of niacin; macronutrients such as
protein, energy, and alcohol; and minerals such as selenium,
sodium, zinc, and phosphorus were especially different between

sexes within countries and age groups (Supplemental Figure
7), whereas intakes of vitamins C, D, E, and K were generally
similar between sexes (Supplemental Figure 7). Usual nutrient
intake distributions were, in comparison, more similar among
age groups within country and sex groups (Supplemental
Figure 8).

Prevalence of inadequate intake by nutrient and country

We measured and compared the prevalence of inadequate
intakes for the 16 nutrients with harmonized ARs (27) using
both the probability method and the cut-point method (5,
25, 26). The probability method accounts for the shape of
intake and requirement distributions by comparing actual intake
distributions with a relative risk curve of requirement. The cut-
point method simplifies the probability method by assuming that
the fraction of the population’s intake below a cut-point can
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FIGURE 5 The prevalence of intake inadequacy based on (A) country, nutrient, and sex; (B) the mean and variability of usual nutrient intake distributions;
and (C, D) the method for calculating intake inadequacy and its assumptions regarding the symmetry of intake distributions. In (A) and (B), intake inadequacies
were calculated using the probability method. In (A), color and numbers indicate the mean percent nutrient intake inadequacy across age groups within a
country. Nutrients and countries are ordered by severity of intake inadequacy. In (B) and (C), points represent usual nutrient intake distributions for each
nutrient–country–sex–age group. In (B), the dashed vertical line indicates mean intakes equivalent to mean requirements. To further illustrate the impact of
usual intake distribution shape on intake inadequacy, the solid curve indicates, for reference, the intake inadequacy for a normally distributed intake distribution
with a CV of 0.25. In (C) and (D), points compare the prevalence of inadequate intakes estimated using the probability method and the cut-point method when
assuming (C) normally distributed usual intake distributions and (D) the correct usual intake distributions. RAE, retinol activity equivalents.

determine the prevalence of inadequacy if various criteria about
the requirement and intake distributions are met.

Using the probability method (25), we generated estimates
of subnational nutrient intake inadequacy for the 31 evaluated
data sets. There was acute and geographically widespread intake
inadequacy for calcium, folate, vitamin E, and magnesium
(Figure 5A). We found moderate and geographically dependent
intake inadequacies for vitamin A (retinol activity equivalents),
vitamin C, thiamin, zinc, vitamin B-12, riboflavin, and vitamin
B-6 (Figure 5A). Copper, iodine, niacin, and iron exhibited
comparably lower intake inadequacies. (Figure 5A). Across
nutrients, we observed a high prevalence of intake inadequacy in
Bangladesh, Laos, Ethiopia, the Philippines, China, and Mexico
and a comparably lower prevalence of intake inadequacy in
Denmark, Romania, the United States, Canada, Italy, and Sweden
(Figure 5A).

The shape of intake distributions influences estimates of
intake inadequacy

The shape of usual intake distributions strongly determines the
prevalence of inadequate intakes estimated using the probability
method (Figure 5B). Subpopulations with usual intake distribu-
tions that have identical means but different levels of variability
experienced different levels of intake inadequacy (Figure 5B).
When mean intakes were below the average requirement,
high variability was associated with a lower prevalence of
intake inadequacy, but when intakes were above the average
requirement, higher variability was associated with dramatically
higher intake inadequacies (Figure 5B).

The cut-point method, which makes some simplifying as-
sumptions regarding the intake and requirement distributions,
estimated levels of inadequate intake similar to the probability
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method when properly accounting for the asymmetry of usual
intake distributions (Figure 5D). However, when assuming
symmetric usual intake distributions, the cut-point method
estimated different levels of intake inadequacy relative to
the probability method (Figure 5C). Differences were mostly
between 0% and 25%, but in some extreme cases, differences
of 50% were observed. When mean intakes were below the
average requirement, the cut-point method (assuming normally
distributed usual intakes) produced higher estimates of intake
inadequacy compared with the probability method and painted
a gloomier picture of population adequacy (Figure 5B,C). On the
other hand, when mean intakes were above the average require-
ment, the cut-point method (assuming normally distributed usual
intakes) estimated lower levels of intake inadequacy relative to
the probability method and painted a rosier picture of population
adequacy (Figure 5B,C).

Discussion
Although previous work has assumed similar distribution

shapes across nutrients, sexes, ages, and countries, our findings
show that there is notable variation in shapes across these
subgroups. The degree of variation differs across nutrient types,
with nutrients such as long-chain ω-3 fatty acids, vitamin K,
retinol, β-carotene, and selenium exhibiting the least similarity
across countries. We find evidence of high levels of inadequate
intake across a number of nutrients, but more so for females
compared with males.

Our analysis unpacks the relation between distribution shapes
and the prevalence of inadequacy. When mean intake is below
the average requirement, higher variability is associated with a
lower prevalence of intake inadequacy, but when mean intake is
above the average requirement, higher variability is associated
with dramatically higher intake inadequacy. This variability
could mean different things in different contexts; where nutrients
are scarce, variability may indicate that only a few fortunate
individuals achieve adequate diets, but in a context of plenty, large
deviations from the mean could result from highly unbalanced
and insufficient diets.

When meeting certain criteria, the cut-point method, which
has been widely used in the literature due to its lower
data requirements compared with the probability method, can
calculate the prevalence of inadequate intake relatively accurately
(5, 30–32). Yet in our analysis, the cut-point method gave
higher or lower estimates of the prevalence of inadequate intakes
compared with the probability approach when failing to account
for distribution skewness. This trend is supported by other
studies (31), but a solution has been limited by the lack of
detailed information on nutrient-specific distribution shapes (26).
Oftentimes, the true shape of the intake distribution is unknown
and a symmetrical distribution is assumed for ease. Moreover,
the cut-point method’s assumption that the nutrient intake and
requirement distributions are independent of each other is likely
violated in many populations, especially for macronutrients (5,
26, 33), which could lead to biased estimates of inadequate intake.
Calculations using the cut-point method in conjunction with real
(skewed) distributions may result in more precise estimates of
nutrient inadequacy.

Our findings related to the high variation in ω-3 fatty acids
and selenium are consistent with previous research showing
the geographical dependency of these nutrients (34, 35). The
concentrations of selenium in soil and water are sensitive to
environmental and anthropogenic conditions; thus, populations
living in highly localized food systems are more vulnerable to
deficiency and toxicity (36). Vitamin K deficiency receives little
focus globally because it is thought to be rare (37); the divergent
patterns of inadequate intakes observed in our findings should
be further explored. A better understanding of the distributions
of retinol and carotenoids has direct implications for estimating
inadequacy and determining the effects of fortification and
supplementation strategies. Vitamin A deficiency is widespread
and affects nearly 30% of children under 5 y (38).

Inadequate iron intake was particularly prevalent among
females in South and Southeast Asia, sub-Saharan Africa, and
Ecuador. In some cases, our estimates of inadequate iron intake
were lower than estimates of the prevalence of iron deficiency
based on biomarkers, perhaps because iron deficiency biomarkers
like serum ferritin may better account for iron bioavailability (39–
41). But in populations with a high prevalence of inflammation
and infection, estimates of iron deficiency based on anemia
prevalence are overestimates, due to the multiple determinants of
anemia in these settings (42). Depending on the context, estimates
of inadequate iron intake from diet may either underestimate
or overestimate deficiency. For example, in Bangladesh, iron
deficiency is lower than intakes suggest due to the high amounts
of iron in groundwater (43), but in the United States, iron
deficiency is higher than what intake estimates show (44).

Inaccuracies in the estimation of intake distributions could
have substantial implications for public health; underestimation
of inadequate intake could result in a failure to identify and
intervene on important nutrient needs, whereas overestimation
could lead to an inefficient allocation of resources. Accurate
methods for determining inadequate intake are critical to
inform policies related to agriculture, fortification, nutrition,
and dietary guidelines—especially in low- and middle-income
countries, where inadequacies are most highly concentrated
(45).

There are numerous applications of these distributions for
nutritional epidemiology and public health. These include,
for example, estimating the impacts of an intervention on
nutrient intakes, assessing the proportion of populations and
subpopulations at risk of nutrient deficiency or overload, under-
standing the consequences of distributions for nutrition-related
disease risk, targeting nutrition interventions to specific sex or
age groups, population-level modeling with microsimulations,
forecasting future nutrient gaps, and planning fortification and
supplementation policies and programs. Researchers could also
use these data to further characterize patterns of covariance, such
as by examining patterns of covariance between nutrients to see
if the presence of one deficiency might predict the presence of
another, and by understanding covariance across age–sex groups
and populations. A better understanding of these trends can help
to shape recommendations of dietary guidelines and patterns, to
determine the need for supplementation and fortification, and to
improve intervention targeting.

These findings also influence our understanding of important
questions in nutrition-related research. First, these methods could
help identify subgroups or nutrients that are most in need of
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context-specific data or intake distributions. Because multiple
days of recall data are still rare, future research could help to
understand the extent to which other data sources (e.g., food
supply data or consumption and expenditure surveys) can provide
valid estimates of usual intake distribution shapes. Researchers
could apply the methods presented here to assess the implications
of assumptions about distribution shapes for the Global Burden
of Disease study estimates (46). Last, future analyses that link
these distributions to micronutrient biomarkers could improve
our understanding of the links between nutrient intake and risk
of deficiency with greater precision.

This analysis has several limitations. There are substantial
differences in dietary nutrient intakes within countries—for
example, due to region, crop composition, or soil factors (47)—
that could result in distributions being unrepresentative of some
populations. The representativeness of our underlying data sets
also varies. Users should to refer to Supplemental Table 1 when
drawing conclusions about representativeness. Our geographical
coverage was subject to data availability. The dietary recall
methods used varied across surveys, which could influence
estimations of intake (48, 49). Differences in the underlying
food composition databases and methodologies could reduce
the external validity for comparisons across countries (50).
The number of repeated measures available for each country
could differentially affect precision, particularly for nutrients that
have a large ratio of within- to between-person variability (32,
51). Although multiday dietary recalls measure “usual intakes,”
they insufficiently capture natural fluctuations in diets due to
holidays, seasons, and so on (45). The inclusion of fortification
in this analysis may vary based on the underlying data used
for each country. Last, because we focus on food consumption,
micronutrient intake from supplements is excluded. Based on
these limitations, we ask users of these data and findings to take
caution when extrapolating our results to other populations or
across countries.

In conclusion, our article highlights how distribution shape
matters when assessing a population’s usual nutrient intake. To
our knowledge, this is the largest compilation of nutrient intake
distributions generated for public use. Our inclusion of the results
in the accompanying R package ensures that these methods can be
directly applied by researchers. Future work should incorporate
greater nuance into assumptions about distribution shapes to
more accurately describe population intakes so that research,
policy, and programmatic approaches can better meet nutritional
needs.

The authors’ responsibilities were as follows—SP and CMF: wrote the
paper and conducted the analyses; CDG, AS, SP, and CMF: conceived the
idea and analysis plan; AD: designed the SPADE software and advised on
and assisted with its use; LHA, SB, JS, and TB: advised on the study design
and approach; AS, CL, and DFV: contributed to the analysis; CB, APB-J,
LC, AC-G, TC, SPC, AD, KDR, SG, YL, MM, and IM: contributed data
and analysis; and all authors: reviewed and approved the final version of the
manuscript. The authors report no conflicts of interest.

Data Availability
All code analyzing raw data will be available on a public

GitHub page upon publication at https://github.com/cg0lden/sub
national-distributions-extended. All raw data sets that we are
allowed to share will also be available for download on that

page. Code and data pertaining to the modeled distributions
are available on GitHub here: https://github.com/cfree14/subna
tional_nutrient_distributions. Last, the distributions are publicly
available through the R package that has been produced as an
output of this research, which is free and available for download
at https://github.com/cfree14/nutriR/.
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