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Abstract

Objective We aimed to describe preliminary dietary intake results using DietlD" for dietary assessment during
pregnancy. A sub-sample of participants in the Research Enterprise to Advance Children’s Health (REACH) prospective
birth cohort from Detroit, Ml received a unique web link to complete the DietID” assessment multiple times during
pregnancy. We present results for the first dietary assessment completed during pregnancy by each participant.
DietlD" uses an image-based algorithm to estimate nutrient intake, dietary patterns, and diet quality and provides
immediate results to participants. Descriptive statistics were used to summarize participant characteristics, nutrient
intakes, dietary patterns, diet quality, and participant-rated accuracy of individual dietary assessment results.
Differences in diet parameters were assessed by participant race with an independent t-test.

Results Participants (n=384) identified as majority Black (n=47; 56%), reflective of the source population. Mean (SD)
maternal age and gestational age at dietary assessment were 32 (5.6) years and 14.3 (4.8) weeks, respectively. Mean
dietary quality, as reported in the DietlD" data output as the Healthy Eating Index (HEI), was 68 (range 12-98; higher
scores indicate higher diet quality) and varied significantly between Black (mean [SD] 61 [23]) and White (mean [SD]
81 [19]) race (p<0.01). Mean participant-rated accuracy of individual dietary assessment results was high at 87% on a
scale of 0-100% (“not quite right”to “perfect”; range 47-100%).
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Introduction

Nutrient intake during pregnancy is critical for fetal
development and has been associated with a wide variety
of long-term health outcomes for both mother and child
[1-3], (e.g., iron and iodine are critical for offspring neu-
rocognitive development) [4]. Recent data from a large
United States (US) cohort indicated that dietary intake
of pregnant persons fell short of recommendations with
the highest risk for inadequate intakes observed among
non-White participants for many nutrients (e.g., vitamins
A, E, B-6, folate, calcium) [5, 6]. Assessing dietary intake
during pregnancy is a common goal of many epidemio-
logical research studies [7, 8], but entails significant par-
ticipant burden [1-3]. Minimizing research participant
burden is important for obtaining accurate data and
retaining participants in longitudinal studies.

While it has limitations, it is generally accepted that
the gold standard method for estimating dietary intake
is the multiple-pass 24-hr dietary recall (3 days— 2 week
days and 1 weekend day) [9]. Food frequency question-
naires (FFQs), are also well accepted and often used in
large studies [9]. Both 24-hr dietary recalls and FFQs are
memory-based and may impose a large time burden for
research participants and staff. Digital and web-based
dietary assessments are more cost and time-effective and
can enhance completion rates compared with traditional
pen-paper dietary assessment methods [10], although
limitations include the need for a computer or mobile
device, Internet connectivity, and familiarity with the
software [11-13]. Recently, use of image-based dietary
records have increased [14, 15], with tools that rely less
upon participant literacy and memory [16]. Image-based
assessment methods have been shown to be more enjoy-
able for participants and less burdensome than FFQs,
thus contributing to increased completion rates [17].

DietID™ is a novel dietary assessment tool that assesses
dietary intake through Diet Quality Photo Navigation
(DQPN°®), a patented image-based algorithm that pro-
vides quick estimates of dietary patterns based on a series
of food images [18-20]. Individual nutrient intakes and
diet quality are estimated from the dietary patterns and
provided to users including clinicians where it has been
shown to be easy to administer in a hospital setting [21].
Initial validation results [18, 22—24] show that this tool
requires a similar level of recall as the FFQ-based tools
but produces results more comparable to the Automated
Self-Administered 24-hour Dietary Assessment (ASA-
24) method which is a free web-based tool [25]. When
compared to the ASA-24 and FFQ methods, DietID™ has
been shown to rapidly assess dietary intake while main-
taining a high level of accuracy and reliability [22, 23].
Therefore, the purpose of this study was to assess pre-
liminary dietary intake results using this novel platform,
DietID™, during pregnancy.
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Materials and methods

Study population

Data are from the ongoing prospective birth cohort,
Research Enterprise to Advance Children’s Health
(REACH). REACH has the broad goal of understand-
ing various risk factors for outcomes such as childhood
asthma and allergy and aims to enroll 3,000 maternal-
child pairs from a health system in Detroit, MI (Henry
Ford Health [HFH]). Recruitment for REACH began in
January 2021 and is ongoing. This manuscript is based on
a data-lock (i.e., a ‘snapshot’ of a database at a particu-
lar point in time while the study is in progress) including
data from the cohort inception through February 2022.
Reporting preliminary data before the cohort is closed is
a common practice encouraged by NIH and other funders
to ensure dissemination of results in a timely manner for
maximum public health impact. At the time of the data
pull for the current manuscript, pregnant persons that fit
the REACH study’s eligibility criteria (described below)
were identified (n=1,405) through the HFH electronic
medical records (EMR) system and #=190 enrolled in
REACH. EMR data shows that the obstetric population
served by HFH in southeast Michigan is ethnically (18%
Hispanic) and racially (20% Black, 2% Asian) diverse.

Potential REACH participants are recruited early in
their pregnancy (before 20 weeks gestation). Eligible
REACH participants are at least 18 years old and have
received prenatal care at one of HFH’s 28 obstetrics clin-
ics and plan to deliver at one of 4 HFH hospitals. There
are no exclusion criteria for comorbid conditions or prior
medical history; thus cohort participants are not selected
for high-risk conditions and better represent the general
obstetric population. Only one baby per pregnant person
and pregnancy can be enrolled into the study (e.g., only 1
baby out of a set of twins can be enrolled).

The REACH cohort protocol includes biospecimen
ascertainment and survey data collection. Data is also
obtained from the EMR using scheduled data queries
including contact information, gestational age, and esti-
mated delivery date. The HFH Institutional Review board
approved all study protocols. Interested and eligible
participants provided informed consent via REDCap
(Vanderbilt University, Nashville, TN) [26, 27].

Dietary intake assessment

REACH participants receive a web link via email with a
unique code at each dietary assessment time point (early,
mid, and late pregnancy and 1-month postpartum). The
early pregnancy code is sent 1-week after participants
enroll into REACH (up to 20 weeks gestational age in the
dataset reported here), mid and late are sent at 28- and
36-weeks gestation, respectively, and the codes do not
expire. For the current study we are using the data from
the first timepoint during pregnancy which the dietary
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assessment was completed. The link directs participants
to the DietID™ survey instrument that uses DQPN° to
assess respondents’ dietary patterns [18-20]. DQPN°®
presents a series of composite images of established
dietary patterns (see Fig. la, b for examples, and Addi-
tional File 1 for more detailed information), asking users
to select the image that most accurately resembles their
self-assessed, recent, dietary intake (described below)
[18-20]. For the current study, we are using a dietary
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intake reference period that is inclusive of the last 30
days for each data collection point. Each image selection
refines the dietary assessment and participants choose
between images until the “best possible fit” is achieved,
and a dietary pattern is identified [18]. Participant com-
pletion time has ranged from 1 to 2 min [18-20, 23].
Detailed methodology can be obtained from the
DietID™ website [19, 20], but briefly, the dietary intake
output includes diet type (i.e., pattern), the Healthy Eating
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Fig. 1 a Composite Images of the Flexitarian Dietary Pattern. b Composite Images of the Standard American Dietary Pattern. Note DietID™ Vignettes
(i.e., Diet Quality Photo Navigation (DQPN) 1-day composite images). a The left image depicts a 2000-calorie standardized 1-day menu for the Flexitarian
dietary pattern, Diet Quality Tier=7 (i.e, average Diet Quality in current sample). The right image depicts a 2000-calorie standardized 1-day menu for the
Flexitarian dietary pattern, Diet Quality Tier=10 (i.e, ideal Diet Quality). Source Diet ID, Inc.; with permission from Diet ID, Inc. b The left image depicts a
2000-calorie standardized 1-day menu for Standard American dietary pattern, Diet Quality Tier=5 (i.e,, average Diet Quality in current sample).The right
image depicts a 2000-calorie standardized 1-day menu for Standard American dietary pattern, Diet Quality Tier=10 (i.e, ideal Diet Quality). Source Diet

ID, Inc; with permission from Diet ID, Inc
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Index (HEI) as a commonly used measure of overall diet
quality derived by comparing nutrient intakes to the US
Dietary Guidelines [28], food group intake, and over 100
macro- and micro-nutrients and food components. Diet
ID™ was developed using dietary data extracted from
the National Health and Nutrition Examination Survey
(NHANES), as well as a comprehensive review of food
intake surveys and epidemiological research to deter-
mine estimates of dietary patterns, portion sizes, and
eating frequencies of adults in the US [18-20]. Dietary
patterns are categorized as one of 23 diet types, based on
their nutrient composition [20]. Diet quality is stratified
among all diet types into low to high quality tiers or lev-
els. DietID™ derives its diet quality scores (1-to-10 scale)
using the simple HEI scoring algorithm method, an index
(0-to-100 scale) that measures diet quality and accounts
for 13 components (food groups and nutrients) that cor-
relate with the 2015-2020 Dietary Guidelines for Ameri-
cans [29, 30]. Diet ID™ has been found to be effective in
estimating diet quality, as well as nutrients and bioac-
tive compounds associated with fruit and vegetable con-
sumption. Figure 1 illustrates examples of the Flexitarian
and Standard American dietary patterns at two different
quality tiers, respectively.

The REACH team worked with DietID™ to make appro-
priate modifications for data collection in a pregnant
population. This included modifying the reference stan-
dards for dietary recommendations to include pregnancy
and lactation. Specifically, an option was added for users
to choose pregnant or lactating in addition to entering
their age and sex, which allows for the software to com-
pare participant intake to the appropriate Dietary Refer-
ence Intakes (DRI) for their individual characteristics and
life stage. Additionally, the research team chose specific
nutrients, particular to pregnancy (folic acid, calcium,
Vitamin D), to highlight for feedback provided to par-
ticipants (electronically via DietID™ and the participant’s
“Diet Profile”). At the end of each assessment, feedback
is provided showing participants their “Diet Profile”
which includes the participant’s diet type, diet quality
score, an estimate of average daily calories, and estimates
of selected macro- and micronutrient intakes. This is an
optional feature that the research team selected to engage
participants who are often interested in receiving their
own results from the variety of data collected. Next, par-
ticipants were asked to rate the accuracy of their dietary
assessment results via a sliding scale of 0-100%, with the
0% anchor reading “not quite right” and the 100% anchor
reading “perfect”

Data analysis

Data for this analysis are from 2/2021 to 3/2022 and
include the first dietary assessment during pregnancy for
each participant. Of the 190 pregnant persons enrolled
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in REACH, 88 (46%) had completed at least one dietary
assessment during pregnancy (early, mid, or late time-
points). Participants with incomplete data entry (n=3) or
postpartum dietary assessment completion (n=1) were
excluded. The final data set included 84 pregnant par-
ticipants. Maternal demographic characteristics includ-
ing age, marital status, race, and gestational age were
obtained from the EMR and were combined with DietID™
data output files. Descriptive statistics on selected
macro- and micronutrients, diet patterns, dietary qual-
ity, and user accuracy rating were computed. An inde-
pendent samples t-test was conducted to compare means
of the HEI and selected nutrient intakes between Black
and White race groups. Nutrient intakes were selected a
priori for presentation and included macronutrients and
micronutrients important during pregnancy and com-
monly lacking in diets of US pregnant persons [5, 31].
Data were analyzed using Microsoft Excel (Version 2108)
and IBM SPSS Statistics for Windows (Version 26).

Results

Most participants self-identified as Black (56%), with
33% White, 5% Asian, and 6% reporting other or declin-
ing. Marital status was single (54%), married (37%), liv-
ing with significant other or another arrangement (10%).
Maternal demographic characteristics include a mean
(SD) age of 32 (5.6) years. Mean gestational age at first
dietary assessment was 14 weeks, 5 days, with a median
at 12 weeks, 5 days; the range was 7 weeks, 4 days to
31 weeks, 5 days. On average, participants were logged
into DietID™ for 4.7 min which includes completing the
screening questions (i.e., do you eat meat), the survey,
and viewing results.

Table 1 describes intake of selected nutrients during
pregnancy alongside dietary recommendations for preg-
nancy, where available. Notably, mean intakes of sodium
were higher, and the mean intakes of Vitamin D and
total folate were lower than recommended amounts for
pregnancy.

Ten of the 23 possible Diet Types/Patterns were
observed in our sample. Detailed descriptions of Diet
Types/Patterns are provided elsewhere [see Additional
file 1] [20]. In order of frequency, these patterns were:
Flexitarian (7=29; mean HEI=72), American (n=20;
mean HEI=57), Low-Fat (#=8; mean HEI=73), South-
ern (n=8; mean HEI=62), Mediterranean (n=6; mean
HEI=77), Low-Carb (n=4; mean HEI=76), No Red Meat
(n=4; mean HEI=84), Vegan (n=3; mean HEI=69), Veg-
etarian (n=1; HEI=87), and Pescatarian (n=1; HEI=69).
Mean diet quality, assessed by the HEI, was 68 (range
12-98). Of the 84 participants, 70 rated the accuracy of
their individual dietary assessment results, averaging 87%
and ranging 47-100%.
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Table 1 Intake of selected nutrients during pregnancy alongside
dietary recommendations for pregnancy according to DietID™

in the prospective birth cohort, research enterprise to advance
children’s health (REACH) (n=284 pregnant persons)

Nutrient Average intake Recommended
(mean (SD)) dietary reference

intakes (DRI)

Total energy (kcal) 2,193 (342) -

Macronutrients

Carbohydrates (g) 272.6 (62.6) (45-65% of daily
calories)

Total sugars (g) 92.9(30.8) ND

Added sugars (g) 42.4(42.0) ND

Dietary fiber (g) 32.9(185) [28]

Protein (g) 92.0(26.7) (10-35% of daily
calories)

Total fat (g) 86.5(18.3) (20-35% of daily
calories)

Saturated fat (g) 21.0(8.7) ND

Monounsaturated fat (g)  34.4 (104) ND

Polyunsaturated fat (g) 23.8 (6.6) ND

Omega-3 fat (g) 34(2.7) ND

Trans fat (g) 1504) ND

Cholesterol (mg) 263.3(149.2) ND

Micronutrients

Calcium (mg) 1046.5 (281.2) [1000]

Sodium (mg) 3064.2 (1201.2)% [1500]

Iron (mg) 18.2 (4.8) [27]

Potassium (mg) 35644 (1349.1) [2900]

Magnesium (mg) 439.8(212.8) [350]

Phosphorus (mg) 1550.9 (388.5) [700]

Zinc (mg) 11.9(2.8) [11]

Selenium (mcg) 141.6 (46.6) [60]

Copper (mg) 1.88(0.9) I

Manganese (mg) 64 (3.1) [2.0]

Vitamins

Vitamin C (mg) 1456 (111.1) [85]

Vitamin D (mcg) 553B4)* [15]

Vitamin E (mg) 154 (7.9) [15]

Vitamin K (mcg) 418.7 (461.7) [90]

Total folate (mcg) 553.6 (204.6)* [600]

Thiamin (B1) (mg) 2.1(0.5) 4]

Riboflavin (B2) (mg) 2.2(0.5) [1.4]

Niacin (B3) (mg) 26.6 (8.9) [18]

Vitamin B6 (mg) 24(0.8) [1.9]

Vitamin B12 (mcg) 45(2.6) [2.6]

Pantothenic acid (mg) 6.2(1.6) [6]

Note DRIs were obtained from the National Institutes of Health (NIH) Office of
Dietary Supplements [32] which was modified from Dietary Reference Intakes
for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino
Acids (2002/2005) and Dietary Reference Intakes for Water, Potassium, Sodium,
Chloride, and Sulfate (2005). ND: “Not Determined” according to NIH Nutrient
Recommendations. Intake values in square brackets indicate DRI's specific for
pregnancy. A “*” indicates that the average intake value is out of range
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Table 2 compares selected nutrient intakes by par-
ticipant race for those who identified as Black (n=47)
or White (n=28). Based on results of the t-test, the HEI
score varied significantly (p<0.001) by race, with mean
scores (SD) for Black and White being 61 (23.1) and 81
(19) respectively. Estimated caloric intake did not vary
significantly by group (p=0.588), with the mean (SD)
for Black and White being 2188 (372) and 2234 (303)
respectively.

Discussion

Here, we describe preliminary dietary intake results
using DietID™ for dietary assessment during pregnancy.
Dietary assessment with data output including nutrient
intakes, dietary patterns, and diet quality can be ascer-
tained quickly. Overall results from our sample of preg-
nant persons residing in or near Detroit, MI, included
inadequate intakes for folate and vitamin D and exces-
sive intake of sodium, with differences in diet quality by
race. On average, participants rated the accuracy of their
DietID™ results favorably. The aim in presenting these
preliminary results is to encourage other researchers to
explore the use of novel dietary assessment methods that
minimize patient or participant burden.

Our findings are concordant with other studies assess-
ing nutrient intake during pregnancy [5, 6]. A recent
study of over 1,000 pregnant persons in the US, found
that almost all consumed excess sodium and did not con-
sume enough key nutrients such as folate and vitamin D,
among others [31]. Moreover, similar to our findings, a
systematic review and meta-analysis of micronutrient
intakes during pregnancy in developed countries, showed
that folate and vitamin D intakes were consistently below
nutrient recommendations [33]. Epidemiological stud-
ies of population subgroups, such as pregnant people,
should continue to explore and report nutrient intakes
to assess the relationship of nutrient intakes with mater-
nal and offspring health outcomes. The DietID™ tool,
although a self-report measure, may be a way to decrease
random and systematic measurement error, however,
future research is necessary.

The “Flexitarian” and “Standard American” dietary pat-
terns were the most prevalent in our study population.
The Flexitarian pattern includes mostly vegetarian and
sometimes including meat, fish, and/or poultry whereas
the Standard American pattern includes highly processed
foods, beverages and ingredients [20]. In recent system-
atic reviews on dietary patterns before/during pregnancy
and maternal and birth outcomes, evidence suggests
that dietary patterns that are lower in red and processed
meats and higher in vegetables, fruits, whole grains, nuts,
legumes, and fish are associated with better birth out-
comes (e.g., appropriate gestational age and weight at
birth) [34]. However, most of the research was conducted
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Table 2 Intake of selected nutrients during pregnancy and the healthy eating index (HEl) according to DietlD™ compared by black
and white race in the prospective birth cohort, research enterprise to advance children’s health (REACH) (n=75 pregnant persons)

Nutrients Black race White race df t p-value
Mean (SD) Mean (SD)
HEI 61 (23.1) 81 (19.0) 74 3.7 <0.001
Carbohydrates (g) 2654 (71.0) 2879 (48.7) 74 1.7 0910
Protein (g) 89.9 (284) 989 (22.5) 74 1.2 0.225
Total fat (g) 89.0 (20.6) 829 (14.4) 74 -23 0.022
Dietary fiber (g) 267 (16.2) 419(17.9) 74 38 <0.001
Vitamin D (mcg) 54 (4.0) 55(23) 74 0.2 0.880
Total folate (mcg) 510.8 (199.5) 635.7 (196.4) 74 2.6 0.011
Calcium (mg) 1008.2 (266.7) 1150.8 (267.8) 74 22 0.029
Iron (mg) 17.3(4.8) 20.0 (4.4) 74 25 0.017
Omega-3 Fat (g) 3.1(1.9) 38(23) 74 14 0.156

Note Of the 84 participants in the dataset, 9 did not identify as Black (1=47) or White (n=28), and therefore are not included here

in healthy, White women with access to health care [34].
Thus, continuing to explore dietary patterns in racially/
ethnically diverse pregnant populations is warranted.

The average HEI found in our population (68) is similar
to other studies reporting HEI during pregnancy in the
US (e.g., 67.2) [35]. The HEI is useful in providing a com-
posite measure of dietary intake and provides compre-
hensive information when assessed in combination with
nutrient information. Additionally, our findings suggest
that participants felt that DietID™ provided an accurate
individual dietary assessment. These results are compara-
tive to a recent case study published by DietID™ where
non-pregnant participants (N=18) rated the accuracy of
their individual dietary assessment to be, on average, 93%
[36].

We also show preliminary results comparing overall
diet quality and specific nutrient intakes across racial
groups. We presented these results for illustrative pur-
poses only. Although our sample is too small to con-
duct further analyses, our results are similar to previous
reports. Compared to White women, Black women had
lower overall diet quality in selected populations includ-
ing those residing on the East coast of the US and WIC
recipients in the Southern US [37, 38], lending credibility
to our preliminary findings and highlighting a potential
area for future efforts to find effective ways to support
Black families.

To our knowledge, this is the first study to use DietID™
during pregnancy. A strength of this study was the par-
ticipation of a diverse sample, with the majority of preg-
nant persons self-reporting Black race, a group that is
often underrepresented in research. Another strength
of the sample used here is that participants were eligible
regardless of risk level and/or chronic disease status. This
factor increases the potential generalizability in future
directions since this sample more closely resembles
pregnant persons in the US than a high-risk exclusion
criteria population would allow. Given that this dietary

assessment method is being administered in the ongoing
REACH cohort at multiple timepoints, completion rates
by commonly underrepresented pregnant populations
is a future direction we hope to explore. As our REACH
cohort sample increases, we will assess the validity of the
DQPN?" in our sample using established methods includ-
ing use of nutrient biomarkers found in blood, urine, and
tissues [10].

Limitations

+ A small sample size (n=284) and a single timepoint
during pregnancy make it impossible for continuous
assessment and evaluation in diet over the course of
pregnancy.

+ The specific survey completion time could not
be determined in this study, as the time that was
captured incluced the time participants were logged
into DietID™ which is inclusive of the time it takes
to complete the screening questions, the survey, and
viewing results.

+ Due to a small sample size of those who identified
as races other than Black and White, we could not
compare nutrient intake across additional race
categories,

+ Diet ID™ does not account for dietary supplements,
therefore, intake of some nutrients may be higher
than recorded because of supplementation—
specifically during pregnancy when many may be
taking prenatal vitamins.

+ Desirability or response bias among the participants
as Diet ID™ was utilized as a self-assessment with
limited supervision.

Abbreviations

DQPN®  Diet Quality Photo Navigation

REACH Research Enterprise to Advance Children’s Health
SD Standard deviation

HEI Healthy Eating Index
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us United States

FFQ Food Frequency Questionnaire

ASA-24  Automated Self-Administered 24-hour Dietary Assessment
HFH Henry Ford Health

EMR electronic medical records

DRI Dietary Reference Intakes
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