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ABSTRACT

Background: Longitudinal measures of diet spanning pregnancy through adolescence are needed from a large, diverse sample to advance
research on the effect of early-life nutrition on child health. The Environmental influences on Child Health Outcomes (ECHO) Program,
which includes 69 cohorts, >33,000 pregnancies, and >31,000 children in its first 7-y cycle, provides such data, now publicly available.
Objectives: This study aimed to describe dietary intake data available in the ECHO Program as of 31 August, 2022 (end of year 6 of Cycle 1)
from pregnancy through adolescence, including estimated sample sizes, and to highlight the potential for future analyses of nutrition and
child health.

Methods: We identified and categorized ECHO Program dietary intake data, by assessment method, participant (pregnant person or child),
and life stage of data collection. We calculated the number of maternal-child dyads with dietary data and the number of participants with
repeated measures. We identified diet-related variables derived from raw dietary intake data and nutrient biomarkers measured from
biospecimens.

Results: Overall, 66 cohorts (26,941 pregnancies, 27,103 children, including 22,712 dyads) across 34 US states/territories provided dietary
intake data. Dietary intake assessments included 24-h recalls (1548 pregnancies and 1457 children), food frequency questionnaires (4902
and 4117), dietary screeners (8816 and 23,626), and dietary supplement use questionnaires (24,798 and 26,513). Repeated measures were
available for ~70%, ~30%, and ~15% of participants with 24-h recalls, food frequency questionnaires, and dietary screeners, respectively.
The available diet-related variables describe nutrient and food intake, diet patterns, and breastfeeding practices. Overall, 17% of partici-
pants with dietary intake data had measured nutrient biomarkers.

Conclusions: ECHO cohorts have collected longitudinal dietary intake data spanning pregnancy through adolescence from a geographically,
socioeconomically, and ethnically diverse US sample. As data collection continues in Cycle 2, these data present an opportunity to advance
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the field of nutrition and child health.
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Introduction

Poor nutrition during early life is a significant public health
issue in the United States. Many pregnant people and children are
consuming inadequate amounts of key vitamins and minerals and
excess amounts of sodium, saturated fats, and sugar [1-5]. Sig-
nificant income- and race-related inequities persist, both in access
to nutritious foods and in rates of diet-related chronic disease
[6-9]. These factors are known to contribute to poor pregnancy
outcomes and suboptimal child growth and development [10], yet
the determinants and specific health effects of dietary practices are
still being uncovered. Gaps in existing evidence, such as those
highlighted by the 2020-2025 Dietary Guidelines for Americans
Scientific Advisory Committee report [11], hinder the develop-
ment of effective, culturally responsive interventions to promote
nutrition and health equity. A better understanding of the effect of
early-life nutrition on child health outcomes and the complex
factors that influence dietary intake is critically needed [12].

Scientific advancement in this area has been constrained, in
part, by the limitations of available data sources. Although na-
tional birth cohort studies that collect dietary intake data exist in
other countries [13-15], no such centralized cohort is available
in the United States. Instead, the US NHANES is a major source of
dietary intake data used for nutrition monitoring and the
development of national nutrition recommendations [16].
However, data from NHANES are cross-sectional and not
designed to address maternal-child dyads, which preclude lon-
gitudinal investigation of the impact of early dietary exposures
on later child health outcomes. Additionally, NHANES does not
specifically aim to enroll pregnant people or children; therefore,
the number of participants in these life stages is modest, which
limits the power to detect associations. Longitudinal measures of
dietary exposures and related child health outcomes from time in
utero to infancy, through childhood and adolescence, are needed
in a large and diverse sample to advance our understanding of
the predictors and effects of early-life diet.

The Environmental influences on Child Health Outcomes
(ECHO) Program, which in its first 7-y cycle encompassed 69
cohort study sites and more than 42,000 pregnancies and 65,000
children across the United States [17], is poised to provide a
unique opportunity for nutrition research. Funded by the NIH,
the first 7-y cycle of ECHO began in 2016; the second 7-y cycle of
continued follow-up begins in 2023. The overarching scientific
goal of the ECHO Program is to examine the effects of early
environmental exposures on children’s health across 5 main
outcome domains: prenatal, perinatal, and postnatal outcomes;
neurodevelopment; upper and lower airways; obesity and
obesity-related conditions; and positive health [18]. ECHO co-
horts collect a range of nutritional and nonnutritional data across
a large and varied population, spanning pregnancy to adoles-
cence. Importantly, deidentified ECHO data reflecting >33,000
pregnancies and >31,000 children have recently been made
publicly available to researchers through the National Institute
of Child Health and Human Development (NICHD) Data and
Specimen Hub (DASH; https://dash.nichd.nih.gov/) [19] to
encourage broader utilization and boost the potential impact of
this federally funded program.

In this article, we summarize the dietary intake data available
in the ECHO Program as of August 2022 from pregnancy through
adolescence, including cohort and participant numbers. Addi-
tionally, we summarize the strengths and weaknesses of these
data, including considerations and examples for use in future
analyses of child health outcomes, to emphasize the potential for
using ECHO dietary intake data to address a range of child health
research questions.

Methods

The ECHO Program is a consortium of pregnancy and birth
cohorts located throughout the United States and its territories
[17,18]. Overall, the ECHO cohort participants are drawn from
the general population, with select cohort study sites
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oversampling for vulnerable population segments at higher
risk for certain child health outcomes (i.e., children with
autism, children at high risk for asthma or autism, or children
born prematurely). Some cohort study sites began data
collection many years before joining the ECHO Program, and
others began more recently. When cohorts joined ECHO, par-
ticipants were asked for consent to share previously collected
data with ECHO and to participate in new data collection
under a common ECHO-wide Cohort Data Collection Protocol
[20]. All data are stored in a common ECHO cohort database
within a secure, restricted-access data enclave, and bio-
specimens are sent to a centralized location for storage. A
subset of deidentified data from the first 7-y cycle, for those
who consented to data sharing, is now available to the public
through the NICHD DASH platform.

Dietary intake data

Dietary intake elements included in the Cycle 1 ECHO Pro-
tocol Version 2.1 [20] were identified and summarized (Table 1)
[20-26]. We defined dietary intake data as any questionnaires or
forms that assessed intake of foods, beverages, or supplements.
Infant feeding practices were included even though these mea-
sures may not provide quantitative measures of food intake (i.e.,
breastfeeding status, timing of introduction of solid foods), due
to the importance of early feeding practices for children’s growth
and development [27]. In addition to data collected as part of the
ECHO Protocol, we also included relevant dietary intake data
that cohorts collected prior to joining ECHO. Participants were
counted as having dietary intake information if they completed
any part of a form that included questions related to dietary
intake.

We then categorized these data by type of dietary assessment
method: 24-h dietary recalls, food frequency questionnaires
(FFQs), dietary screeners, and dietary supplement intake ques-
tionnaires. The 24-h dietary recalls included forms assessing
intake of foods, beverages, and dietary supplements consumed in
a recent 24-h period. FFQs assessed the frequency of consump-
tion of a comprehensive list of foods and beverages over a
specified period. Dietary screeners were defined as forms that
assessed intake of a limited number of foods and/or beverages
consumed over a specific timeframe but did not provide enough
information to fully characterize an individual’s diet (e.g., a fruit
and vegetable screener). Dietary supplements were defined
broadly to collect all relevant data; these included vitamins and
minerals, fish oils, probiotics, herbs, spices, and other diet-
relevant oral supplements.

In addition to being a source of specific food and supplement
intake information, these forms can be used to derive macro- and
micronutrient intakes, diet patterns, and other variables of in-
terest for nutrition researchers. In this analysis, we identified the
number of cohort study sites and participants with derived var-
iables related to dietary intake. For some variables (including
macro- and micronutrient intakes), values were calculated by
cohorts and shared with ECHO. Then, analysts at the centralized
ECHO Data Analysis Center (DAC) [28] harmonized these data
across cohorts and assessment methods by identifying similar
constructs. Details on harmonization of ECHO data have been
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described elsewhere [17,28]. For other variables (such as diet
patterns), values were calculated by DAC analysts from dietary
intake data provided by cohorts.

To highlight the potential for analyses involving both sub-
jective and objective measures of diet, we identified participants
with dietary intake data who also had nutrient biomarkers,
which we defined as objective measures of nutritional status
from biospecimens such as blood, urine, and stool [29]. We
included biomarkers that were analyzed in the ECHO-affiliated
Human Health and Exposure Analysis Resource (HHEAR) [30]
from biospecimens collected by cohorts prior to joining ECHO.
Assays from biospecimens collected under ECHO’s common
protocol are forthcoming. We also included nutrient biomarkers
that were measured by cohort study sites prior to joining ECHO.
This may not represent all nutrient biomarkers measured by the
individual cohorts. Instead, these are data that were specifically
requested by the ECHO DAC for a prior analysis, and thus, are
now publicly available for further use.

Statistical analysis

Descriptive statistics of pregnant persons and children included
in this analysis were calculated from self-reported sociodemo-
graphic data or medical record abstraction, including maternal
age at delivery, prepregnancy BMI, education, and race and
ethnicity; child sex, age at enrollment, race and ethnicity, preterm
status, birthweight category for gestational age (large for gesta-
tional age, small for gestational age, or neither), and year of birth;
and household income.

The total number of cohort study sites and unique pregnan-
cies or children with dietary intake data was calculated for each
assessment method and categorized by life stage (for pregnant
individuals: prenatal or postnatal; for children: infancy [0-1 y],
early childhood [1-5 y], middle childhood [6-11 y], adolescence
[12-18 y]). To illustrate opportunities for longitudinal analyses
of dietary intake, the number of pregnancy-child dyads with
dietary data and the number of participants with repeated
measures (defined as >1 measure) was calculated for each
assessment method.

To correspond with the publicly available data on the NICHD
DASH, this report includes participants who have consented to
the ECHO Protocol and who provided dietary data through 31
August, 2022, or biomarker data through 14 June, 2023. In
supplemental tables, we also included participants who have not
yet consented to data collection via the ECHO Protocol (and
therefore whose data are not included in the publicly available
dataset) but have consented to share previously collected data,
representing sample sizes that ECHO-affiliated researchers could
expect to access. While more data are being continuously added,
the current analysis represents sample sizes up through year 6 of
the first 7-y phase of ECHO. As data collection for the first cycle
of ECHO is completed, researchers can expect increased sample
sizes for the assessment methods listed in the ECHO Protocol
Version 2.1 (summarized in Table 1). While potential future
updates to the protocol in the second cycle of ECHO may alter the
types and timing of dietary intake data collection, similar
methods for collection of dietary data collection are expected to
be employed.



TABLE 1

Dietary intake forms required or recommended for collection by ECHO cohort study sites according to the ECHO-wide Cohort Data Collection Protocol Version 2.1 [20]

Description

Timing for collection in ECHO protocol’

24-hour dietary recalls Prenatal Postnatal Infancy  Early Middle Adolescence
O-1y) childhood childhood (12-18y)
(1-5y) (6-11y)
Automated Self- The ASA24 is a validated online, self-administered recall tool that guides respondents through X X X X
Administered 24-Hour multiple passes to enter all food and beverages eaten on the previous day or in the past 24 h.
(ASA24) Dietary Supplement use may also be collected in ASA24-2016 and later versions.
Assessment Tool [21,
22]
FFQs
NCI Diet History In this freely available FFQ developed by the National Cancer Institute, adults report their usual x?
Questionnaire 3rd ed intake of a list of >100 foods, beverages, and supplements in the past 12 mo.
(DHQ 1IN [23]
ECHO Eating Habits These proprietary questionnaires are based on validated Block FFQs for children ages 2-7 y and x? R2 R2
questionnaires (ages 8-17 y [24]. In the version for 2-7 y-olds, caregivers are asked to report the child’s usual intake of a
2-7 and 8-17) list of ~90 foods in the past 6 mo. In the version for 8-17 y-olds, the child reports their intake of
~80 foods over the past week.
Screeners
Dietary Screener Adapted from the 26-item NHANES Dietary Screener Questionnaire 2009-2010, the DSQ measures x3 x3 R® R3
Questionnaire (DSQ) intake of fruits, vegetables, dairy, added sugars, whole grains, and red and processed meat in the
[25] past 30 d. Parent-reported DSQs are collected for children younger than 12 y, and self-reports are
completed by adolescents and adults.
ECHO Maternal and Child  These questionnaires were designed to describe food-based exposure to environmental chemicals. X X R
Food Source Participants (or for children, their caregivers) are asked to categorize their intake of a limited set of
Preparation foods (including rice, fish, organic products, canned foods, and fast-food/take-out) in the past 30 d.
questionnaires
ECHO Infant Feeding Adapted from the Infant Feeding Practices Study II postnatal questionnaire [26], this questionnaire X
Practices questionnaire includes detailed questions about breastfeeding (initiation, length and frequency of feeds, use of
pumped or donated milk, etc.), formula feeding (type of formula, bottle feeding practices, addition
of cereals or other items to bottles), and complementary feeding (timing of introduction of solid
foods).
ECHO Complementary In this form, caregivers are asked to report which months during the first year of life infants were X
Feeding History given breast milk, formula, supplements, and foods and food groups. It should be completed as early
questionnaire as possible during the “early childhood” life stage.
Supplement use
Maternal medical record Among the many data collected via maternal medical record abstraction, maternal supplement use ~ X* x*
abstraction from 4 wk prior to the last menstrual period to 8 wk postpartum is noted. Supplements included in
this form are folic acid, prenatal vitamins, vitamin B6, vitamin D, and “other, specify.”
Maternal Supplements or  Adapted from the Early-Life Exposures Assessment Tool (ELEAT) (The Regents of the University of ~ X* x*

Maternal Supplements
Short Form

California, Davis campus), this form asks pregnant people to report their use of supplements during
the 3 mo before pregnancy, through the prenatal period, and during the first year of breastfeeding
(if applicable). Supplements queried on the shortened form include folic acid, prenatal vitamins,
multivitamins, iron, and vitamin C. The full version asks about 22 additional vitamins, minerals,
and dietary supplements, including vitamins A, B6, B12, D, and E.

ECHO, Environmental influences on Child Health Outcomes; FFQ, food frequency questionnaire.
1 X = required during this life stage, R = recommended during this life stage.
2 Requirement can be met using the DSQ.
8 Requirement can be met using the DHQ III (prenatal) or ECHO Eating Habits questionnaires (childhood).

# Timing of collection of prenatal supplement use data is not mandated. This requirement can be met with either maternal medical record abstraction or the Maternal Supplements (or Maternal

Supplements Short Form) questionnaire.
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Results

Number of ECHO cohorts and participants with
dietary intake data

Recommended and required dietary intake assessment
methods included in the ECHO Protocol Version 2.1 are sum-
marized in Table 1. It is important to note that ECHO data are
continually updated, and with a new 7-y cycle of ECHO begin-
ning in 2023, the exact numbers presented here represent min-
imums and are intended to be used as benchmarks to guide
future work.

Overall, 66 of the 69 ECHO cohort study sites have thus far
collected publicly available dietary intake data. Cohorts’
recruitment sites spanned across 34 US states and territories
(Figure 1) and included a variety of participant populations and
study aims. Although the majority of cohorts (n = 38) enrolled
from the general population of healthy pregnant people and
children, others exclusively enrolled or oversampled specific
population segments, including very preterm or very low birth
weight infants (n = 7), children with autism or pregnant people/
children with immediate family members with autism (n = 6),
children at risk for asthma and allergy (n = 3), children who had
been adopted (n = 3), pregnant people who smoke (n = 2) or
have psychosocial stress (n = 2), and pregnant people or children
of specific race, ethnicity, or socioeconomic status (n = 6). Brief
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cohort study site descriptions, sample sizes, and types of dietary
data collection as of this writing are presented in Supplemental
Table 1. Further description of the ECHO cohort study sites in
Cycle 1 is available elsewhere [17].

As of August 2022, publicly available dietary data has been
collected for a total of 26,941 pregnancies (representing 24,988
pregnant individuals) and 27,103 children (Table 2 [publicly
available data only] and Supplemental Table 2 [all data]). Nearly
50% of participants were non-Hispanic White; ~25% were His-
panic; ~15% were non-Hispanic black; and smaller percentages
were Asian, Native Hawaiian/Pacific Islander, American Indian/
Alaska Native, multiple races, or another racial/ethnic group.
Approximately 46% of pregnant individuals had a bachelor’s
degree or higher, and 44.3% were overweight or obese prior to
pregnancy. Among children, 14.8% were born preterm (<37 wk
gestational age); 5.3% were small for gestational age; and 13.7%
were large for gestational age. The year of child’s birth ranged
from 1999 to 2022, with the majority after 2014.

Number of cohorts and participants by dietary
intake assessment method

Thus far in Cycle 1 of ECHO, 10 cohort study sites have
collected 24-h dietary recalls, encompassing >3000 participants
(1550 pregnancies, 1457 children) from the prenatal period to
adolescence (Table 3, Supplemental Table 3). Most of these
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FIGURE 1. United States map of recruitment sites for the 66 Environmental influences on Child Health Outcomes (ECHO) cohorts with publicly

available dietary intake data as of 31 August, 2022.
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TABLE 2

Characteristics of pregnancies (N = 26,941) and children (N = 27,103)
with any publicly available ECHO dietary intake data as of 31 August,
2022

Characteristics n (%)

Maternal age at delivery, y

<18-28 9092 (33.8)
29-34 9732 (36.1)
35-40 5286 (19.6)
41+ 756 (2.8)
Missing 2075 (7.7)

Maternal race and ethnicity
Non-Hispanic White

Missing

Maternal education

Child’s race and ethnicity
Non-Hispanic White

13230 (49.1)

Non-Hispanic Black 3556 (13.2)
Hispanic 6670 (24.8)
Asian 1301 (4.8)
Native Hawaiian or Pacific Islander 35(0.1)
American Indian or Alaska Native 366 (1.4)
Multiple race 813 (3.0)
Other groups 116 (0.4)
Missing 854 (3.2)
Annual household income
<$30,000 4424 (16.4)
$30,000-49,999 1723 (6.4)
$50,000-74,999 1311 (4.9)
$75,000-99,999 1095 (4.1)
$100,000 or more 3781 (14.0)

14607 (54.2)

<High school 1913 (7.1)
High school degree or equivalent 4051 (15.0)
Some college 6138 (22.8)
Bachelor’s degree 6869 (25.5)
Master’s, professional, or doctoral degree 5666 (21.0)
Missing 2304 (8.6)
Maternal prepregnancy BMI, kg/m?
<18.5 631 (2.3)
18.5-24.9 9629 (35.7)
25-29.9 5728 (21.3)
30 or more 5920 (22.0)
Missing 5033 (18.7)
Child’s sex assigned at birth
Male 14020 (51.7)
Female 13070 (48.2)
Missing 13 (0.1)

12958 (47.8)

Non-Hispanic Black 3808 (14.1)
Hispanic 6699 (24.7)
Asian 796 (2.9)
Native Hawaiian or Pacific Islander 29 (0.1)
American Indian or Alaska Native 255 (0.9)
Multiple race 1986 (7.3)
Other groups 174 (0.6)
Missing 398 (1.5)
Preterm birth
<37 wk gestational age 4020 (14.8)
Term birth 21749 (80.3)
Missing 1334 (4.9)
Size for gestational age
Small for gestational age 1431 (5.3)
Large for gestational age 3709 (13.7)
Neither 17171 (63.4)
Missing 4792 (17.7)
Child year of birth
1999-2004 3366 (12.4)
2005-2009 2539 (9.4)
2010-2014 8897 (32.8)
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TABLE 2 (continued)

Characteristics n (%)
2015+ 11769 (43.4)
Missing 532 (2.0)

BMI, body mass index; ECHO, Environmental influences on Child
Health Outcomes.

recalls were collected during pregnancy. Two cohorts (encom-
passing 185 pregnancies) collected interviewer-administered 24-
h recalls via the Nutrition Data System for Research developed
by the Nutrition Coordinating Center, University of Minnesota,
Minneapolis, MN. The rest used the Automated Self-
Administered 24-Hour (ASA24) Dietary Assessment Tool [21,
22]. The ASA24 has been updated several times to reflect
commonly consumed foods. In ECHO, nearly half of the recalls
(46%) were collected using the ASA24-2011 version. Less than
1% were the 2014 version, and 36%, 6%, and 11% were the
2016, 2018, and 2020 versions, respectively.

FFQs were collected by 24 cohort study sites encompassing
4902 pregnancies and 4117 children. The most commonly used
instrument was the Block FFQ [31]. Life stage-specific versions
of this FFQ were implemented during pregnancy and childhood.
These include the “ECHO Eating Habits” child diet question-
naires, which are proprietary measures based on validated Block
FFQs for children [24]. Other FFQs included the Diet History
Questionnaire (DHQ) II, developed by the National Cancer
Institute [23], and the Willett FFQ, developed by researchers at
Harvard [32]. Both of these FFQs were completed in 2 cohorts.

Over 60 cohort study sites (including 8816 pregnancies and
23,626 children) collected dietary screeners, which were further
categorized as pertaining to the general diet, environmental
toxins, or complementary feeding. Screeners pertaining to the
general diet captured intake of food groups but were shorter and
less detailed than FFQs (e.g., they captured fewer food items).
The most common was the Dietary Screener Questionnaire (DSQ;
84% of all data in this category), which was adapted from the 26-
item NHANES Dietary Screener Questionnaire 2009-2010 and
measures intake of fruits and vegetables, dairy, added sugars,
whole grains, and red and processed meat [25]. Other forms in
this category included cohort-specific questionnaires collected
prior to joining ECHO, such as fruit and vegetable screeners.

The second category of screeners included those focused on
dietary sources of environmental and chemical toxins. Screeners
in this category asked about intake of foods, such as fish (which
may be high in mercury) and fruits and vegetables (which may
contain pesticides), specifically for research examining envi-
ronmental and chemical exposures. Although the intent of these
forms was not to calculate nutritional intake, these data may be
useful for certain nutrition analyses. The ECHO Maternal and
Child Food Source and Preparation forms were the main source
of data in this category (93% of data).

The third category of screeners included infant feeding and
complementary feeding history questionnaires, which were
completed for 18,741 children. These screeners describe breast
feeding, formula feeding, and introduction of solid foods. Almost
all (99%) of these data were collected via the ECHO Infant Feeding
Practices and Complementary Feeding History questionnaires.
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TABLE 3
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Number of ECHO cohort study sites (and individual participants) with publicly available dietary intake data as of 31 August, 2022, by participant

and life stage

Total’ Pregnancies Children
Prenatal Any Infancy Early childhood Middle childhood Adolescence
postnatal (0-1y) (1-5y) (6-11y) (12-18y)
Number of cohort study sites (number of individuals)
24-h dietary recall 10 (3045) 6 (1548) 2 (817) 3(585) 2 (223) 2 (663)
Food frequency 24 (9019) 10 (4902) 0 11 (2901) 9 (1240) 4 (246)
questionnaires
Block 22 (6891) 6 (2774) 0 11 (2901) 9 (1240) 4 (246)
Diet History Questionnaire 2 (232) 2 (232) 0 0 0 0
Willett 2 (1896) 2 (1896) 0 0 0 0
Screeners 61 20 (8811) 1(479) 51 45 (14,391) 41 (6278) 13 (2002)
(32,442) (18,741)
General dietary screeners 40 15 (6094) 1 (479) 2 (62) 19 (2359) 22 (2829) 11 (1854)
(12,924)
Environmental toxin 52 16 (6347) 0 0 34 (6116) 37 (5200) 5(155)
focused (17,348)
Infant/complementary 51 51
feeding (18,741) (18,741)
Supplement usage (any) 66 56 32 (8549) 58 48 (16,917) 49 (9974) 28 (3754)
(51,311) (25,793) (20,746)
Multivitamins/prenatal 66 56 32 (8549) 38 41 (11,705) 49 (9883) 27 (3659)
vitamins (46,997) (25,793) (10,719)
Iron 66 56 32 (8549) 38 41 (11,705) 49 (9883) 27 (3659)
(46,878) (24,674) (10,719)
Folic acid 55 55 31 (8070) 0 0 0 0
(24,218) (24,218)
Vitamin D 66 56 32 (8549) 38 41 (11,705) 49 (9883) 27 (3659)
(46,875) (24,671) (10,719)

ECHO, Environmental influences on Child Health Outcomes.

! For the “Total” column, participants are counted once per assessment method. For the remaining columns, participants are only counted once
per life stage but may be included in several life stages. Cells in gray reflect data elements that cannot be collected in a given life stage.

Overall, 66 cohort study sites collected supplement use data for
24,798 pregnancies and 26,513 children, whether on dedicated
supplement intake questionnaires, as modules on dietary recalls,
or via medical record abstraction. Of note, data on preconception
supplement use was also available among 12 cohorts and 12,892
pregnancies. Across life stages, the most commonly queried
supplements were multivitamins/prenatal vitamins (collected in
92% of participants with any supplement data), iron (91% of
participants), vitamin D (91%), and folic acid (pregnancy and
postnatal only; collected in 97% of pregnant individuals who
provided any supplement data). Other common supplements
included vitamins E, A, C, B6, B12, calcium, zinc, fluoride, fish
oil/w-3 fatty acids, and probiotics (data not shown).

Repeated measures of dietary intake data

The number of pregnant individuals and children who pro-
vided more than one measure of a given dietary assessment are
shown in Table 4. A total of 1246 pregnancies and 824 children
provided more than one 24-h recall, representing 80% and 56%
of participants who completed any 24-h recalls, respectively. Of
these, 62% had 2 d of recall; 16% had 3 d of recall; and 22% had
4 or more days of recall. Time between recalls was not examined
in this analysis; therefore, these values may include both
repeated recalls within a short time frame and longitudinal
measures of diet over time. However, dates of completion are
available for all forms. Multiple FFQs were completed among
1907 pregnancies and 870 children (39% of pregnancies, 21% of
children who completed any FFQs). As data collection continues

under the ECHO Protocol, increases in the number of partici-
pants (particularly children) with repeated measures are
expected.

TABLE 4

Number of ECHO cohort study sites (and individual participants) with
repeated measures (>1 measure) of a given dietary intake assessment,
as of 31 August, 2022

Pregnancies  Children’

Number of cohort study sites (number of
individuals) with >1 measure of a given
dietary intake assessment

24-h dietary recall 6 (1246) 5 (824)
Food frequency questionnaires 5 (1907) 13 (870)
Screeners>

General dietary screeners 5 (515) 13 (841)
Environmental toxin focused 7 (841) 14 (950)

ECHO, Environmental influences on Child Health Outcomes.

! Children were counted as having >1 measure regardless of whether
repeated measures were within or across life stages.

2 Screeners were limited to the dietary assessments that provided the
bulk of the data for that category to represent repeated measures data
that may be used in longitudinal analyses. For the “general dietary
screeners” category, this was the Dietary Screener Questionnaire. For
the “environmental toxin focused” category, this was the ECHO
Maternal and Child Food Source and Preparation questionnaires. The
“infant/complementary feeding” category was not included, as there
were no true repeated measures of the Infant Feeding Practices or
Complementary Feeding History questionnaires.
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Within the “Screeners” categories, many participants
completed multiple different measures in Cycle 1 of ECHO. For
example, within the “general dietary screeners” category, a
person may have completed a DSQ and a cohort-specific
screener. To capture true ‘“repeated measures,” these categories
were limited to the single assessment method which provided
the bulk of the data. Within “general dietary screeners,” multiple
DSQs were completed for 515 pregnancies and 841 children
(12% of pregnancies, 13% of children who completed any DSQs).
Within “environmental toxin focused screeners,” repeated mea-
sures of the Maternal and Child Food Source and Preparation
questionnaires were available for 841 pregnancies and 950
children (19% of pregnancies, 9% of children with any of these
questionnaires). Because all infant/complementary feeding
questionnaires reflect a single, defined time span, no true
repeated measures of these data were available.

For supplement intake data, no main assessment method was
used. Additionally, some participants had multiple measures
representing the same time period. For example, medical record
abstraction of prenatal supplement use overlapped with supple-
ment use as reported on a prenatal FFQ. For this reason, we were
unable to estimate the number of individuals with true repeated
measures for supplement intake. However, it should be noted
that the ECHO Maternal Supplements forms ask participants to
report supplement use during 3 time periods: the 3 mo before
pregnancy, through the prenatal period, and during the first year
of breastfeeding. By nature of the questionnaire, all of the 12,061
individuals who completed the ECHO Maternal Supplements
forms have repeated measures of supplement intake data.

Maternal-child dyads with dietary intake data

A total of 22,712 pregnancy-child dyads from 58 cohort study
sites provided dietary intake data (cross-tabs of maternal and
child data from different diet assessment methods are shown in
Table 5). Only 2 cohorts (18 dyads) provided both maternal and
child 24-h recall data; however, more provided dyadic data from
FFQs (7 cohorts, 1786 dyads), dietary screeners (7 cohorts, 962
dyads), and environmental toxin focused screeners (15 cohorts,

TABLE 5
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1476 dyads). Over 20,000 dyads from 57 cohorts provided
maternal and child supplement intake information.

Derived variables pertinent to nutrition analyses

Several diet- and nutrition-related variables have been
derived using ECHO dietary data (Table 6). When possible, data
were harmonized across dietary intake assessment methods.
Given that a range of dietary components and pattern scores can
be calculated from the dietary data available in ECHO, these
numbers represent the lower bounds of what researchers may
have access to and serve as an example of readily available
derived data.

Intake of micro- and macronutrients (including total energy)
has been calculated for more than 5000 pregnancies and 4000
children. Intake of food groups may also be calculated using
ECHO diet data. Thus far, a categorical prenatal fish consump-
tion variable has been calculated for nearly 9000 pregnancies.
ECHO data have also been used to determine index-based dietary
patterns. To date, the Healthy Eating Index (HEI)-2015 score, a
measure of adherence to the Dietary Guidelines for Americans
[33], has been derived for 4133 pregnancies and >3,000 chil-
dren, and the Empirical Dietary Inflammatory Index score, a
measure of the inflammatory potential of the diet [34], has been
calculated for 2746 pregnancies. Publicly available food intake
data could likely be used to calculate other index-based dietary
indexes (e.g., Dietary Approaches to Stop Hypertension Index
[35]) in the future. Finally, variables related to breastfeeding
practices at 3 and 6 mo have been harmonized across 55 cohorts
to date in Cycle 1, reflecting nearly 20,000 maternal/child
dyads.

Number of cohorts and participants with dietary
intake data and nutrient biomarkers

Overall, 17% of participants (20% of pregnancies, 15% of
children) with any type of dietary intake data also had at least
one measured nutrient biomarker in Cycle 1 as of 14 June, 2023
(Table 7; Supplemental Table 4). The most commonly measured
biomarkers were vitamin D, trace metals (including arsenic,

Number of ECHO cohort study sites (and number of pregnancy/child dyads) with prenatal and childhood measures of a given dietary intake

assessment, as of 31 August, 2022

Child diet, any life stage

24-h Food frequency Screeners Supplement
ezl questionnaires General Environmental Infant/ usage (any)
dietary toxin focused complementary
screeners feeding
Pregnancy 24-h recall 2(18) 1 (303) 5(261) 7 (720) 7 (1411) 7 (1444)
diet Food frequency 2(728) 7 (1786) 3(93) 9 (2179) 9 (3383) 10 (4867)
questionnaires
Screeners
General dietary 3(184) 3(297) 7 (962) 13 (1942) 15 (3578) 16 (4246)
screeners
Environmental toxin 3 (49 5 (402) 9 (803) 15 (1476) 18 (3966) 18 (4268)
focused
Infant/ 4 (826) 18 (3352) 26 (4027) 45 (8035) 51 (18,741) 52 (19,139)
complementary
feeding
Supplement usage 5 20 (3901) 29 (5370) 47 (9451) 45 (15,899) 57 (21,324)
(any) (1448)

ECHO, Environmental influences on Child Health Outcomes.
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TABLE 6
Number of ECHO cohort study sites (and individual participants) with nutrition-related variables derived from dietary intake data as of 31 August,
2022

Derived variable(s) Variable(s) description Diet assessment tools included in Life stages Number of cohort
derivation included study sites
(participants)
Nutrient and energy  Estimated intake of total kilocalories, 24-h recalls, FFQs, DSQ Pregnancy 13 (5071)"
intake macronutrients (fat, carbohydrates, proteins), Early 15 (4055)"
and micronutrients (folate, calcium, iron, childhood
etc.). Middle 13 (1890)'
childhood
Adolescence 8 (1079)*
Fish intake Fish consumption, 4 categories from “never/  FFQs, screeners Pregnancy 23 (8927)
<1x per month” to “more than twice per
week”
Healthy Eating Total and component scores for the Healthy ASA24, Block FFQ Pregnancy 10 (4133)
Index Eating Index-2015, a measure of adherence to Early 13 (3270)
the Dietary Guidelines for Americans [33] childhood
Middle 11 (1463)
childhood
Adolescence 6 (909)
Empirical Dietary A measure of the inflammatory potential of Block FFQ Pregnancy 6 (2746)
Inflammatory the diet [34]
Index
Breastfeeding Duration of exclusive and nonexclusive Infant Feeding Practices questionnaire, Infancy 55 (19,986)
practices breastfeeding and child age at introduction of ~ Complementary Feeding History
formula, supplements, and complementary questionnaire, child medical record
foods abstraction

ASA24, Automated Self-Administered 24-Hour Dietary Assessment Tool; DSQ, Dietary Screener Questionnaire; ECHO, Environmental influences on
Child Health Outcomes; FFQ, food frequency questionnaire.

! participant counts for nutrient and energy intake are based on “total energy intake.” Small differences in the number of individuals with a given
macro- or micronutrient may occur due to type and availability of nutrients provided by the dietary intake assessment method.

cadmium, and lead), and zinc. Biomarkers were measured in a collection, storage, and analytic processes. All other biomarkers
range of biological matrices, including blood, urine, hair, and were measured in the centralized HHEAR laboratory using
teeth. Of note, a subset of vitamin D, zinc, and trace metal con- standardized protocols [30].

centrations were provided by cohorts who collected these data As more ECHO bioassays are completed, the quantity and
prior to joining ECHO and may have used varying sample breadth of measured nutrient biomarkers is likely to increase. In

TABLE 7
Number of ECHO cohort study sites (and individual participants) with publicly available dietary intake data as of August 31, 2022 who also have
nutrient biomarkers measured

Nutrient Matrix Total’ Pregnancies (prenatal only) Children

Delivery/infancy Early childhood Middle childhood Adolescence

Number of cohort study sites (number of individuals)

Carotenoid Blood 8(948) 2 (428) 0 (0) 7 (512) 1(8) 0 (0)
Fatty acid Blood 8 (948) 2 (428) 0 (0) 7 (512) 1(8) 0 (0)
Folate Blood 9 (593) 4 (461) 0 (0) 0(0) 5(92) 3 (40)
Iodine Urine 10 (682) 10 (682) 0 (0) 0 (0) 0(0) 0(0)
Iron Blood 9 (594) 4 (461) 0 (0) 0 (0) 5(93) 3 (40)
Trace metals Blood 5 (1669) 5 (1669) 0 (0) 0 (0) 0 (0) 0 (0)
Cord blood 1(23) 0 (0) 1(23) 0 (0) 0 (0) 0 (0)
Cord tissue 1(198) 0 (0) 1(198) 0 (0) 0 (0) 0 (0)
Hair 1(120) 1(120) 0 (0) 0 (0) 0 (0) 0(0)
Tooth 4 (255) 0(0) 0(0) 0(0) 4 (255) 0(0)
Urine 12 (2940) 8 (2036) 1(<5) 2 (729) 0 (0) 1(171)
Vitamin D Blood 20 (4464) 10 (2793) 1(149) 11 (1443) 8 (477) 3 (40)
Cord blood 5 (2253) 0 (0) 5 (2253) 0 (0) 0 (0) 0 (0)
Zinc Blood 5 (1642) 5 (1642) 0 (0) 0 (0) 0 (0) 0 (0)
Cord tissue 1(198) 0 (0) 1(198) 0 (0) 0(0) 0 (0)
Hair 1(120) 1(120) 0 (0) 0 (0) 0(0) 0(0)
Urine 8 (2058) 4 (1154) 1(<5) 2 (729) 0 (0) 1(171)

ECHO, Environmental influences on Child Health Outcomes.
! For the “Total” column, participants are counted once per nutrient biomarker. For the columns describing stages of childhood, participants are
only counted once per life stage but may be included in several life stages.
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addition, a subset of cohorts (n = 18) has contributed data for
untargeted metabolomics (with numbers expected to increase in
Cycle 2), presenting opportunities for nutrient biomarker iden-
tification and examination of metabolites.

Discussion

In its first 7-y cycle, ECHO cohort study sites have collected a
wide array of longitudinal dietary intake data spanning preg-
nancy through adolescence from a geographically, socioeco-
nomically, racially, and ethnically diverse sample. The main
dietary assessment methods collected thus far, based on Protocol
Version 2.1 and data collected by cohorts prior to joining ECHO,
were FFQs and screeners, although 24-h dietary recalls were also
available for >1500 pregnant individuals and >1400 children.
Data on maternal and child supplement use were collected in
almost every cohort. As ECHO data collection continues in its
second 7-y cycle, sample sizes will increase for diet-related ele-
ments included in the ECHO Protocol (see echochildren.org for
more information). Combined with other data from ECHO,
including measurement of nutrient biomarkers, these dietary
data represent a prime opportunity for nutrition researchers.

Strengths and limitations of dietary assessment
methods in ECHO

ECHO cohort study sites employed several dietary assessment
methods, each with strengths and limitations. In-depth infor-
mation on uses, biases, and participant requirements for each
dietary assessment method is available elsewhere [36]. Gener-
ally, the strengths and limitations of ECHO dietary data reflect
those in the broader nutrition literature. Here, we briefly sum-
marize the most relevant features.

Because 24-h recalls ask about intake on the preceding day,
their accuracy is less reliant on participants’ long-term memory,
allowing for more accurate estimation of true short-term intake
compared to other assessment methods [37]. However, single
24-h recalls do not capture daily variation in an individual’s diet;
generally, they are used to estimate mean intakes at the popu-
lation level [38]. When multiple recalls are collected over several
days (i.e., weekends and weekdays), estimates of usual intake are
improved, especially when measurement error modeling is uti-
lized [39]; however, even multiple recalls may not capture
intake of seasonal or episodically consumed foods and nutrients.
FFQs, and to a lesser extent screeners, can overcome this limi-
tation by asking participants to recall how often they consumed
foods over the entire year or a shorter time period [38]. How-
ever, FFQs and screeners rely on the respondent’s long-term
memory, and these assessment methods are generally less ac-
curate than 24-h recalls [40,41]. All of these dietary assessment
methods are subject to random and systematic error, and both
24-h recalls and FFQs are known to substantially underestimate
energy intake in comparison to doubly labeled water [42-44].
ECHO-affiliated researchers are actively involved in the testing
and validation of novel, less subjective dietary assessment
methods, including remote food photography [45,46]. Re-
searchers should consider the unique strengths, limitations, and
intended uses of each assessment method when planning ana-
lyses using dietary intake data and seek to optimize and align
methods to their specific research question.
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Considerations for use of consortium data in ECHO
In addition to the strengths and challenges unique to each
assessment method, combining dietary intake data across cohort
study sites and assessment methods poses other challenges to
consider. The ability to combine data across cohorts for analysis
is a major strength of ECHO; however, harmonization of dietary
data is not without its obstacles [47]. Across cohort study sites,
variation in the timing of data collection may occur, including
the time frame of recall, the life stage captured, and the year of
collection; these differences are most pronounced among data
collected by cohorts prior to the implementation of the ECHO
Protocol. For example, although many Cycle 1 cohort study sites
collected prenatal dietary data during midgestation, others
collected these data in early and/or late pregnancy, and
harmonization of timing of prenatal diet data across cohorts is
ongoing as of the time of this writing. Analytic methods for
assessing potential differences by cohort, such as “leave one out”
sensitivity analyses, are available to ensure robustness in the
pooled consortium strategy [48,49]. There are also consider-
ations when combining dietary data across multiple assessment
methods. For example, ECHO data include 3 different FFQs
(Block, DHQ, and Harvard Willett). Differences in the measure-
ment of energy and nutrient intake across these FFQs have been
documented [40], although these questionnaires have since been
updated. Even more complicated is the combination of data from
FFQs with data from 24-h recalls or other assessment methods. In
an ECHO study of micronutrient intake during pregnancy, the
percentage of participants meeting micronutrient intake recom-
mendations varied based on whether intake was measured by
FFQ or 24-h recall [3]. Researchers interested in maximizing
sample sizes for consortium-wide analysis must carefully
consider the implications of combining dietary intake data across
multiple sources and may choose to prioritize the measure best
suited for the research question. Cohort- and individual-level
missingness for dietary variables or relevant covariates also
represents a potential concern. Of note, we were unable to
investigate item-level missingness in this analysis; it is possible
that individuals may have only partially completed a given di-
etary assessment form. Several methods are available for dealing
with such missingness [50], including one developed using
ECHO data [51]. Each of these challenges will become less
relevant as the ECHO Program continues collecting data under a
common protocol, increasing consistency of the timing and
methodology for dietary data collection across cohorts.

Leveraging the strengths of ECHO for nutrition
research

Despite these considerations, ECHO data represent a prime
opportunity to advance our understanding of early-life diet and
child health outcomes. The strengths and promise of ECHO more
broadly have been outlined elsewhere, including the size and
diversity of the sample, the richness of the data, the life-course
approach to data collection, and a focus on solution-oriented
research [17,52,53]. Here, we expand upon these strengths
and connect them to promising areas of nutrition research.

First, the large and diverse sample of ECHO participants can
be leveraged to examine the magnitude and nature of nutrition-
related health disparities. Differences in children’s BMI by
geographic region have been documented using ECHO data [54];
however, variations in children’s dietary intake by region and
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whether these variations are influenced by family- or
neighborhood-level factors have yet to be explored. Differences
in maternal prenatal micronutrient intake [3], fish intake, and
-3 fatty acid supplement use by maternal age, race, ethnicity,
education, and prepregnancy BMI have also been reported in
ECHO. Other factors that merit investigation include de-
mographic or regional differences in adherence to Dietary
Guidelines for Americans (as measured by the HEI) and breast-
feeding  practices. Of note, ECHO also derives
neighborhood-level data based on residential address informa-
tion [55, 56], including neighborhood collective efficacy and
food deserts, allowing for analysis of community traits and
eating behaviors. Understanding the complexity of ecological
factors that contribute to health disparities can aid in the
development of policies and targeted interventions to achieve
health equity [57].

Second, unlike other national nutrition surveys that assess
diet among different groups of children in each wave [16], the
ECHO Program involves enrollment of a single sample with
repeated measures of diet and critical child health outcomes.
Although early-life exposures, including nutrition, are known to
influence an individual’s health across the life span [58], the
effects of specific perinatal dietary factors on future health are
still being uncovered [10]. For example, a recent systematic re-
view conducted by the 2020 Dietary Guidelines Advisory Com-
mittee found insufficient evidence to determine the relationship
between maternal intake of common food allergens during
pregnancy or lactation and children’s risk of food allergy or
asthma [59]. These analyses and similar analyses with other
child health outcomes, such as neurodevelopment, could be
investigated using ECHO data. Future work could include a focus
on the identification of critical or sensitive periods for nutritional
exposures [60] and early-life origins of nutrition-related health
disparities [61]. This may be strengthened in the future as ECHO
Cycle 2 will follow an interpregnancy preconception cohort of
individuals who enrolled while pregnant and who have the po-
tential to become pregnant with a subsequent child [20]. Pre-
conception diet data may aid in identification of critical or
sensitive periods prior to conception [62] and further add to the
study of diet across preconception and prenatal periods. More-
over, ECHO Cycle 1 data (and future Cycle 2 data) also present
opportunities to examine how early-life shapes dietary behav-
iors. For example, there is interest in how maternal diet during
pregnancy and lactation influences child dietary behaviors [63]
and how predictors of child diet may vary by socioeconomic
status [64]. Given the cultural and socioeconomic diversity in
the ECHO Program, this could be a prime opportunity for
research.

Another strength of the ECHO Program is that cohort study
sites span decades of data collection, with some beginning
collection in the 1980s, allowing for examination of secular
trends in diet over time. For example, decreases in sugar-
sweetened beverage consumption among US children from
2001-2018 were identified using NHANES data [65]. Using
ECHO data, similar analyses could be achieved, potentially with
an expanded time interval and the inclusion of the same group of
children over time. Changes in diet could also be investigated
before and after major policy changes or world events. Although
other national studies that collect dietary data were paused at the
beginning of the COVID-19 pandemic, many cohorts in the
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ECHO Program continued with remote data collection [17]. The
availability of detailed data related to the COVID-19 pandemic,
including clinical outcomes and behavioral factors, may be uti-
lized to address questions with high public health relevance. For
example, ECHO researchers documented no change in children’s
sugar-sweetened beverage or discretionary food intake during
the COVID-19 pandemic compared with before [66]; however, in
the midst of the pandemic, differences in children’s intake of
sugar-sweetened beverages, fruits, and vegetables were related
to financial strain and parental coping strategies [67]. ECHO
data could also be used to examine nutritional status as a pre-
dictor of pregnant persons’ and children’s COVID-19 outcomes.

The ECHO Program features rich data collection, including
self-reported questionnaires and biological samples. The mea-
surement of biological data, such as nutrient biomarkers, pre-
sents an opportunity to examine objective measures of health.
Nutrient biomarkers in particular could be used to assess the
validity of subjective dietary intake and supplement use data
[68], help refine biomarker cutoff values in various population
groups [69], or directly examine relationships with health out-
comes. ECHO data also includes nutritional and nonnutritional
exposures, offering an opportunity to investigate the complex
connections between early-life diet and other health factors. For
example, ECHO cohorts collect extensive data on environmental
exposures, such as air pollutants, heavy metals, per- and poly-
fluoroalkyl substances, and other chemicals [70]. Compelling
biological and experimental evidence suggests that prenatal
exposure to chemical toxins and nutritional factors jointly affects
health and fetal programming [71-74]. Opportunities for
examining the link between prenatal environmental exposures
and child neurodevelopment in the ECHO Program have already
been outlined [75,76]. As that work develops, the interaction of
exposures with prenatal diet is a natural next step. Additionally,
although genetic and epigenetic data are not included in publicly
available datasets, the unique opportunities for investigating
generational epigenetic effects in the ECHO Program have been
highlighted [77]. ECHO-affiliated researchers may use these
data to examine the interaction of genetic and epigenetic factors
with early-life nutritional exposures, offering opportunities to
advance the field of personalized nutrition.

Novel and impactful research questions may require sophis-
ticated statistical techniques. Fortunately, ECHO’s large sample
size paired with the analytic expertise at the centralized ECHO
DAC allows for such advanced statistical analyses. For example,
ECHO’s environmental exposure data have been utilized in
exposomic analyses [30] and mixture modeling [78], 2 tech-
niques that could be useful when applied to studies with
nutrition-related aims. ECHO-affiliated researchers also have
demonstrated expertise in analytic approaches to identify pe-
riods of susceptibility in children’s development [79], which
could be applied to periods of specific import for nutritional
intake.

The ECHO Program aims to use these strengths to conduct
solution-oriented research. For nutrition, this could include
research to promote the development of dietary guidelines and
interventions. The 2020-2025 Dietary Guidelines for Americans
Scientific Advisory Committee identified numerous gaps in the
existing evidence underlying the recommendations specific to
pregnant persons, infants and toddlers, and young children [11].
ECHO data can be used to examine these research questions. For
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example, the Dietary Guidelines committee recommends further
research on the relationship between maternal dietary supple-
ment intake of vitamin B12, vitamin D, iron, and choline and
maternal and child outcomes; these data are available in the
ECHO Program. Epidemiological analyses of dietary data in the
ECHO Program can then inform the development and design of
interventions for testing in the ECHO Program’s Institutional
Development Award States Pediatric Clinical Trials Network
(ISPCTN) [80], the goals of which are to build national capacity
for conducting pediatric clinical trials in underserved rural
populations. Thus far, 2 of the 4 completed ECHO ISPCTN trials
have had nutrition as a focus. One was designed to determine the
pharmacokinetics of vitamin D supplementation in children who
have asthma and overweight or obesity [81], and one tested a
family-based group program using mobile health technology to
improve child weight, nutrition, and physical activity [82].
Careful planning of nutrition-related hypotheses and analysis of
cohort data with the intention of informing clinical trials within
the ECHO ISPCTN and elsewhere will allow for more rapid
translation of observational data to action.

Conclusions

ECHO Program cohort study sites have collected a wide array
of dietary intake assessments spanning from pregnancy to
adolescence, including FFQs, 24-h recalls, and screeners. These
longitudinal data come from a geographically, socioeconomi-
cally, racially, and ethnically diverse sample of pregnant persons
and children across the United States. As ECHO data are publicly
available, they present a rich opportunity to advance the field of
early-life nutrition and child health for ECHO-affiliated in-
vestigators and the broader research community.
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