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ABSTRACT

Introduction Adherence to cardioprotective dietary
patterns can reduce risk for developing cardiometabolic
disease. Rates of diet assessment and counselling by
physicians are low. Use of a diet screener that rapidly
identifies individuals at higher risk due to suboptimal
dietary choices could increase diet assessment and brief
counselling in clinical care.

Methods We evaluated the relative validity and reliability
of a 9-item diet risk score (DRS) based on the Healthy
Eating Index (HEI)-2015, a comprehensive measure of
diet quality calculated from a 160-item, validated food
frequency questionnaire (FFQ). We hypothesised that DRS
(0 (low risk) to 27 (high risk)) would inversely correlate
with HEI-2015 score. Adults aged 35 to 75 years were
recruited from a national research volunteer registry (
ResearchMatch.org) and completed the DRS and FFQ in
random order on one occasion. To measure reliability,
participants repeated the DRS within 3 months.

Results In total, 126 adults (87% female) completed the
study. Mean HEI-2015 score was 63.3 (95% Cl: 61.1 to 65.4);
mean DRS was 11.8 (95% Cl: 10.8 to 12.8). DRS and HEI-2015
scores were inversely correlated (r=—0.6, p<0.001; R2=0.36).
The DRS ranked 37% (n=47) of subjects in the same quintile,
41% (n=52) within +1 quintile of the HEI-2015 (weighted «:
0.28). The DRS had high reliability (=102, ICC: 0.83). DRS
mean completion time was 2min.

Conclusions The DRS is a brief diet assessment tool,
validated against a FFQ, that can reliably identify patients
with reported suboptimal intake. Future studies should
evaluate the effectiveness of DRS-guided diet assessment
in clinical care.

Trial registration details
ClinicalTrials.gov(NCT03805373).

INTRODUCTION

Cardiometabolic disease (CMD) is a leading
cause of mortality worldwide' * with poor diet
quality considered responsible for nearly half
of the preventable deaths.” While diet coun-
selling reduces these risks, physicians are not
routinely trained in nutrition,4 medical office
visits are time-limited and few diet assessment
tools are brief but reliable for this setting.” A
tool that guides brief assessment and counsel-
ling in the clinical office visit could improve
rates of dietary counselling in clinical care
and help reduce dietrelated CMD risk.

Less than 25% of patients receive any diet
assessment or nutrition counselling from a
physician.® The American College of Cardi-
ology/American Heart Association (ACC/
AHA)” recommend reducing intake of sugar
sweetened beverages, processed meats and
sodium, while emphasising vegetables, fruits,
legumes, nuts, whole grains and fish especially
for patients with atherosclerotic cardiovascular
disease risk factors. The US Preventive Services
Task Force® recommends behavioural interven-
tions to promote healthy lifestyle changes to
prevent cardiovascular disease. There is a gap
between these recommendations and the global
dietary intake” and physicians can play a key role
in helping patients improve diet quality.

Diet assessment is a process of systemati-
cally collecting relevant data needed to iden-
tify patients with nutrition-related problems
and their causes."’ Development of a brief
diet assessment tool that meets time demands
but targets vulnerable patients within an
office visit could facilitate preventive dietary
approaches through strategic nutrition coun-
selling and guideline-based care."’ We devel-
oped and tested a 9-item Diet Risk Score
(DRS) designed to address these objectives.

METHODS

Creation and scoring of the DRS

The DRS is a 9-item questionnaire created to esti-
mate dietary risk for CMD based on data from
Micha et al,3 with additional information from
studies on lifestyle and cardiovascular disease
(CVD) risk."*® Micha et al created a comparative
risk assessment model using NHANES (National
Health and Nutrition Examination Survey) data
from 1999 to 2002 and 2009 to 2012 and meta-
analyses of previously published cohort studies
to estimate diet-disease relationships.

The DRS contains one question stem,
‘For the following foods, please select the
frequency that best describes how often you
eat each food or group of foods in a normal
week’. The dietary components contributing
most to cardiometabolic risk are excess intake
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Table 1 DRS scoring criteria
Frequency of Intake
2 to 3times 1time per
DRS Food/food group Daily per week week Never
DRS fast food Sit-down or take-out meals, frozen dinners or 3 2 1 0
other fast food type meals, including pizza*
DRS breads Bread, rolls, sandwiches* 3 1 0
DRS snacks Chips, popcorn, pretzels, snack mixes, 3 1 0
crackers*
DRS processed meats Sausage, cured or deli meat, hot dogst 3 3 3 0
DRS sugar-sweetened Regular soda, sweetened iced tea, juice, 8] 2 1 0
beverages flavoured milk or flavoured coffee drinksf
DRS nuts Peanuts, tree nuts, seeds, peanut butter or other 0 0 2 3
nut butter§
DRS fish Fish or shellfishq] 0 0 3
DRS vegetables Vegetables (not including potatoes, peas, corn 0 3 3 3
or beans)**
DRS fruit Fruit (not including fruit juice)tt 0 3 3 3

*Serving Information and rationale for score of 3 (high risk): Sodium >2300 mg per day.

TServing Information and rationale for score of 3 (high risk): Processed meat >2 ounces per day.

FServing Information and rationale for score of 3 (high risk): Sugar-sweetened beverages >8 ounces per day.
§Serving Information and rationale for score of 3 (high risk): Low nuts/seeds <1 ounce per week.

{IServing Information and rationale for score of 3 (high risk): Seafood <100 mg omega-3 fats per day.
**Serving Information and rationale for score of 3 (high risk): Low vegetables <100 g or <1 serving per day.
11Serving Information and rationale for score of 3 (high risk): Low fruit <100 g, <1 serving per day.

DRS, diet risk scrore.

of sodium and sugar-sweetened beverages, and inadequate
intake of fruits, vegetables, nuts and marine omega-3 fatty
acids® (table 1). Excess sodium intake is responsible for
the highest risk in this model, but is difficult to accurately
capture using a diet screener because it is ubiquitous in
foods,16 intake varies day—to-day17 and it is difficult for the
lay person to estimate;18 therefore, we included three
items related to intake of the major sources of sodium
in the American diet, processed and restaurant food;
breads, rolls and sandwiches; salty snacks.” A single item
was allotted for each of the additional dietary compo-
nents to capture habitual intake. A score of 0 (lowest) to
3 (highest) is assigned for each answer. The maximum
score is 27 and the score is divided into tertiles of risk: 0
to 8: low risk; 9 to 18: moderate risk; 19 to 27: high risk.

Tests of validity and reliability
An online survey was created, via REDCap, a secure online
platform for building and managing surveys. In order to
determine whether the DRS could accurately identify
individuals with poor diet quality, the DRS was compared
with the HealthyEating Index (HEI)-2015 score (online
supplemental table 1) calculated from a validated Food
Frequency Questionnaire (FFQ; VioScreen.com). Prior
to distribution, the survey was pilot tested among nutri-
tion graduate students and researchers.

Recruitment involved ResearchMatch, a national health
volunteer registry supported by the US National Institutes
of Health as part of the Clinical Translational Science Award

programme. ResearchMatch has a large database of volun-
teers who have consented to recruitment for participation in
studies. We recruited adults across the USA, between the ages
of 35 to 75 years, an age group at higher risk for CMD than
younger age groups.”’ ResearchMatch data are self-reported.
Age and access to ResearchMatch were the only inclusion
criteria. We did not collect information on other demo-
graphics or on CMD risk.

Eligible participants were emailed a URL link directing
them to a landing page with study details. Those who
consented were assigned a study ID and randomly assigned
one of the two surveys based on continuous alternating order
of enrolment by the Survey Research Center (SRC) at Penn
State University. After completion of one survey, ashort (1 min
14s) distracting video played, and then the next survey auto-
matically opened. Once the survey was closed, participants
who completed the DRS and provided their email address
were contacted to complete the DRS a second time within
3months to measure test-retest reliability.

As an incentive, participants were entered into a gift
card lottery after completing both surveys. Participants
could also request their detailed diet report from VioS-
creen at no cost to share with their healthcare provider.

Statistical analysis

Data analysis was conducted using SAS 9.4 (SAS Institute,
Cary, North Carolina). A power calculation indicated that
a sample of 125 individuals would provide 80% power at
an alpha level of 0.05 to detect a minimum acceptable
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Table 2 Mean HEI-2015 score by DRS category
Mean HEI-2015

DRS score score (95% CI)* N
1 to 8 (low risk) 70.7 (68.1t0 73.3) % 49 (39%)
9to 17 (moderate risk) 61.1 (58.1 to 64.1)® 57 (45%)
18 to 27 (high risk) 51.1 (47.2t055.1)¢ 20 (16%)

*Data presented as means (95% Cls) from one-way ANOVA with
Tukey post-hoc testing; values not sharing a common letter (a, b,
c) are statistically different, p<0.001.

ANOVA, analysis of variance; DRS, diet risk score; HEI, Healthy
Eating Index.

correlation coefficient of r=0.30 between the two tests.”'
Participants who reported an energy intake <500 kcal/
day on the FFQ were excluded as this was deemed incom-
plete data. Since total energy intake was not an outcome,
no other exclusions were made based on reported total
energy. Spearman correlations (PROC CORR) were
performed and strength of agreement between quin-
tile rankings was measured using weighted kappa.*® **
Component kappa scores were not calculated due to the
categorical nature of the DRS data. Interclass correlations
were calculated to determine test—retest reliability. One-
way analysis of variance (ANOVA) (PROC ANOVA) was
used to determine statistical differences between DRS
and HEI-2015 total scores. Age and gender were only
collected in aggregate and therefore not included as
covariates.

RESULTS

Relative validation

An initial automated email from ResearchMatch was
sent to 5218 individuals who met inclusion criteria. Of
those, 359 received a survey invitation via email and
346 accessed the DRS, FFQ or both. In total, 128 indi-

completed both the FFQ and DRS were included in anal-
yses. One participant reporting <500 calories per day
was excluded from the analysis. A sensitivity analysis that
excluded subjects reporting an intake of >5000 calories
(n=1) was conducted; the results were unchanged (data
not reported).

Total participation time lasted approximately 45 min.
Mean time to completion of the DRS alone, measured
under experimental conditions and estimated through
participant access by the SRC, was 2 minutes.

The average DRS of respondents was 11.8 (SD 5.5)
out of a maximum of 27 (lower score represents lower
risk). The average HEI score was 63.3 (SD 12.1) out
of 100 (higher score represents higher diet quality)
(table 2). The DRS ranked 37% (n=47) of subjects in
the same quintile, and 41% (n=52) within +1 quintile of
the HEI-2015 (weighted x: 0.28). Online supplemental
table 2 shows significant correlations between the DRS
and the HEI-2005, 2010 and 2015 for comparison.

Food group correlations

In post-hoc analyses, DRS Fruit correlated with HEI-2015
Total Fruit and Whole Fruit (r = —0.68 and -0.65, respec-
tively, both p<0.001) (table 3). DRS Vegetable correlated
moderately with HEI-2015 Total Vegetable and Green
Vegetable components (r = -0.43 and —0.56, respectively,
both p<0.001). DRS Sugar-sweetened beverages and
HEI-2015 Added Sugars were also negatively correlated
(r=-0.39, p<0.001). DRS components intended to capture
sodium intake did not correlate with HEI-2015 Sodium
(r=0.04 to 0.07, p>0.05). Some DRS components were
combined to better map to HEI-2015 components. Sepa-
rately, DRS Fish and HEI-2015 Seafood/Plant Protein
were significantly correlated (r=-0.48, p<0.001) as were
DRS Nuts and HEI-2015 Seafood/Plant Protein (r=—0.43,
p<0.001); when combined DRS Nuts+Fish had a stronger

viduals completed both surveys. Only participants who correlation with HEI-2015 Seafood/Plant Protein
Table 3 Post-hoc exploratory analysis of alignment between DRS and HEI-2015 component scores and correlations
DRS component HEI-2015 component Correlation* P value
Fast food Sodium 0.06 0.51
Breads 0.02 0.81
Snacks 0.07 0.46
Processed meats 0.08 0.34
Processed meats Saturated fat -0.18 0.04
Sugar-sweetened beverages Added sugars -0.34 <0.001
Nuts Seafood/plant protein -0.44 <0.001
Fish -0.49 <0.001
Vegetables Total vegetables -0.43 <0.001
Green vegetables, beans -0.59 <0.001
Fruit Total fruit -0.67 <0.001
Whole fruit -0.68 <0.001
*Spearman correlations.
DRS, diet risk score; HEI, Healthy Eating Index.
Johnston EA, et al. bmjnph 2020;0. doi:10.1136/bmjnph-2020-000134 3

yBuAdoo Aq paloalold 1sanb Aq 120z ‘v JaquIBAON UO /wod’ g uonuinu//:dny woiy papeojumod "020Z 18go100 8§ Uo $ET000-0202-ydula/oeTT 0T se paysiand 1sily :HANCING


https://dx.doi.org/10.1136/bmjnph-2020-000134
https://dx.doi.org/10.1136/bmjnph-2020-000134
http://nutrition.bmj.com/

component (r=-0.55, p<0.001). When combined, DRS
Nuts, Fish and Processed meats correlated with HEI-2015
Fatty Acid Ratio (r=-0.27, p=0.002); the DRS components
also correlated with the Fatty Acid Ratio significantly
(nuts: r=-0.21, p=0.002) and without reaching statistical
significance (fish: r=—0.17, p=0.05, processed meats:
r=-0.17, p=0.05). When DRS Breads and Sandwiches
and DRS Snacks were combined, they were correlated
with HEI-2015 Refined Grains (-0.43 (p<0.001)); DRS
Fast Food and DRS Breads and Sandwiches combined
also correlated with HEI-2015 Refined Grains (-0.53
(p<0.001)). Similarly, when DRS Fruit, DRS Vegetables
and DRS Nuts were combined, there was a correlation of
-0.44 (<0.001) with potassium intake (mg) measured by
the FFQ. HEI-2015 mean component scores are presented
in online supplemental table 3.

We determined percent of participants meeting the
goal criteria for fruit, vegetables and processed meats
since the DRS is set up to score from 0 to 3, but only
two levels are possible in these three groups; 30% of
DRS participants had a 0 score (low risk) for processed
meats, 62% for vegetables and 56% for fruit (table 4).
The sodium intake score was based on risk for intake
>2300mg/day; 70% of participants reported intakes
>2300mg/ day.

Test-retest reliability

In all, 153 participants completed the initial DRS and 102
completed the second DRS. The interclass correlation
was r=0.83 reflecting high reliability of the DRS.

DISCUSSION

The DRS moderately, inversely correlated with the total
HEI-2015 score derived from a validated FFQ. The DRS
ranked individuals similarly based on reported dietary
intake with 78% of participants ranked within the same
quintile 1. In this sample of self-selected volunteers
derived from a national research registry, the DRS though
brief and completed quickly, proved valid and reliable
compared with a FFQ for the dietary components contrib-
uting most to CMD risk.

In posthoc analyses, with the exception of sodium,
DRS components correlated moderately with HEI-2015
components. DRS Fast Food, DRS Breads and DRS Snacks
did not correlate significantly with HEI-2015 Sodium;
however, they were associated with refined grain intake
when these components were combined. DRS Processed
meats did not map onto an HEI-2015 component, but
did correlate with HEI-2015 Saturated fat and excess
intake of processed meat is an independent dietary risk
factor.® Processed meat is also high in sodium but did
not correlate with HEI-2015 Sodium (r=0.08, p=0.34).
The mapping of these HEI component scores onto DRS
component scores may assist in improving future itera-
tions of the DRS.

BMJ Nutrition, Prevention & Health

Table 4 HEI component means by DRS score

DRS HEI component
component score
HEI component  score (mean (95% Cl)) P value
Sodium Fast food 0.46
0 1.7 (0.8 to 2.6)
1 2.6 (2.0t0 3.3)
2 2.4 (1.4103.3)
38 2.5(0.2t04.7)
Breads 0.57
0 1.7 (0.3 to 3.0)
1 2.7 (1.9t0 3.5)
2 2.2 (1.4t0 3.1)
3 2.3(1.3t03.3)
Snacks 0.56
0 1.6 (0.2 to 3.0)
1 2.6 (1.8 t0 3.3)
2 22(1.4t02.9)
3 2.6 (1.1t0 4.0
Processed 0.35
meats
0 2.0(1.2t02.8)
3 2.4 (1.9t0 3.0)
Added sugars Sugar- <0.001*
sweetened
beverages
0 9.0 (8.5t09.4)
1 8.9 (8.4t09.5)
2 8.4 (7.0t09.8)
3 5.8 (4.1to7.4)
Seafood/plant Nuts 0.001*
protein 0 45 (4210 4.8)
2 3.1(2.5t03.7)
38 2.6 (1.4t0 3.8)
Fish 0.001*
0 4.9 (4.9 t0 5.0)
1 3.9 (3.5t04.3)
3 2.6 (1.8103.4)
Total vegetables Vegetables <0.001*
0 5.0 (4.9t0 5.0)
3 4.1 (3.6 to 4.5)
Greens/beans 0 4.8 (4.7t0 4.9) <0.001*
3 3.0 (2.4 to 3.6)
Total fruit Fruit <0.001*
0 4.2 (3.9t04.4)
3 1.8(1.41t02.2)
Whole fruit 0 4.7 (4.6 t0 4.9) <0.001*
8 2.5(2.0t0 3.0)

Data presented as means (95% Cls), one-way ANOVA.

*Significant p values indicate difference between HEI-2015 scores by

DRS.

ANOVA, analysis of variance; DRS, diet risk score; HEI, Healthy Eating

Index.
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Recent evidence suggests that just two questions
regarding dietary intake can facilitate a discussion of
dietary choices in clinical practice, one on fruits and
vegetables and the other on sugar-sweetened beverage
intake.** Indeed, these were among the strongest correla-
tions between the DRS and HEI-2015, and inadequate or
excess intake of these, respectively, contributes to CMD
risk. DRS Vegetables correlated well with the HEI-2015,
both for total and green vegetable intake. Similarly, DRS
Fruit correlated well with both total fruit (includes juice)
and whole fruit (excludes juice). A study in 109 Austra-
lian adults by Cook et al, showed the use of two short
screeners was adequate to estimate population intakes of
fruits and vegetables, but did not accurately or adequately
assess intake compared with a 74-item FFQ in individ-
uals,” suggesting this may be inadequate for patient care.
DRS-assessed sugar-sweetened beverage intake correlated
strongly with FFQ-assessed added sugar intake. There
were also significant correlations between DRS Fish and
DRS Nuts and HEI Seafood/Plant Protein.

While the correlations with sodium intake were non-
significant, sodium intake is associated with the greatest
dietary risk® and should be discussed in patient care. The
FFQ is a commonly used diet assessment tool in valida-
tion studies, however it is well known that FFQ’s do not
accurately measure sodium intake.'” The DRS does not
attempt to quantify sodium intake; rather, it provides a
score based on specific food group intake. While DRS
Sodium did not correlate with HEI Sodium, it provides
sufficient opportunity for clinically initiated discussion
regarding the adverse influence of high sodium intake on
blood pressure and simple changes to reduce excessive
intake.

The protective effects of a high quality diet against
cardiovascular disease come largely from the contribu-
tion of fruits, vegetables, legumes and nuts,26 all of which
contribute to overall potassium intake, a noted shortfall
nutrient in the USA.?” We combined DRS Fruit, DRS Vege-
tables and DRS Nuts and correlated the composite score
with potassium intake measured by the FFQ and found
a modest, but significant correlation in the expected
direction (r=-0.44, p<0.001). Assessment of diet quality is
important, as is emphasising patient-specific components
missing from reported dietary intake.

In the clinical nutrition setting, Registered Dietitian
Nutritionists (RDNs) assess medical history, review perti-
nent information that may affect nutritional status and
perform in-depth diet assessments.® They may use a FFQ,
24-hour recall, a screening tool or a combination of these,
many of which require in-depth nutrition knowledge and
take considerable time to complete. The Mediterranean
Diet Score (MDS)* is relatively simple to administer,
provides a score based on adherence to Mediterranean
Diet (higher scores reflect better adherence to the Medi-
terranean diet), has been associated with improved health
outcomes and has been tested in the electronic health
record (EHR).*3! A dietary screening tool (DST), tested
in older Caucasian, rural adults, categorised participants

into healthy or less healthy diet groups using principal
component analysis.’”® The Rapid Eating and Activity
Assessment for Participants Short Form (REAP-S) is a
simple 16-item paper-based tool but lacks specific guid-
ance for counselling and intervention.”’ The National
Cancer Institute’s Daily Food Checklist” does not rely
on patient memory and can be completed prior to the
visit, but scoring is time intensive and actionable informa-
tion is not provided. Electronic food records, including
MyFitnessPal and HealthWatch360 provide feedback to
the user that can be shared with a healthcare provider,
but rely on the quality and consistency of daily data entry.
Healthcare professionals that do not have the nutrition
training that RDNs do need screening tools that do not
require nutrition expertise and provide basic nutrition
guidance.

Studies using reminders in the EHR to improve rates
of CVD risk assessment and obesity management have
not made a clinically significant impact on lifestyle risk
factors.”*™® Although recommended, current rates of
nutritional counselling during physician visits are inade-
quate to help mitigate dietary risks.® Physicians acknowl-
edge that nutrition counselling is part of their patient
care responsibilities, but cite inadequate knowledge and
lack of time as barriers.”” *® Consequently, if physicians
start the conversation with patients about lifestyle change,
the likelihood that patients will make lifestyle changes
improves.39

Energy intake, micronutrients and certain food groups
are not assessed by the DRS in favour of brevity. The DRS
is based on a synthesis of meta-analyses, which provide
the highest quality evidence available® and the use of
NHANES data make the findings generalisable to the US
population. The strengths of this study include the use of
a validated FFQ for comparison and correlation. The use
of ResearchMatch allowed access to a national sample of
individuals within the target age group. The DRS items are
related to frequency of food intake, rather than portion
sizes, which can be difficult for individuals to recall and
conceptualise. A validation study by Beasley et al, showed
that about half of the error between actual and recorded
meal intake came from portion size estimation error.*’
Additionally, the high reliability suggests that individuals
following their usual diet would score similarly if given
the test at different times of year. Consensus has not been
reached about the threshold for acceptable reliability, but
some suggest >0.4 for individual nutrients is reasonable.”
The retest reliability of the DRS (0.83) is similar to that of
the REAP questionnaire (0.86),* which like the DRS does
not measure intake of individual nutrients. Reliability of
the short form REAP-S has not been reported. While we
did not test the DRS in a diverse population, the use of
primarily food groups as opposed to specific foods, and
the simple wording increases the likelihood that this tool
is valid across diverse groups. Future studies should be
designed to test how well the DRS performs among a
more diverse population with more varied food intake,
accounting for race/ethnicity, age, education level and
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cardiometabolic risk. Finally, the DRS was valid across
HEI-2005, HEI-2010 and HEI-2015 (online supplemental
table 2), suggesting it is measuring aspects of the diet that
have been consistent across these measures of dietary
guidance and corresponding updates to HEI scoring.

This study was the first step to validate a brief, action-
able diet assessment tool for use in clinical practice.
Limitations include comparison of two self-report
methods. There are many sources of bias in dietary
assessment of sodium intake,'® which may vary by race/
ethnicity.'® Sodium intake is difficult for consumers to
estimate, therefore the gold standard for assessment is
24-hour urinary sodium excretion.”” Neither the DRS
nor the FFQ can objectively quantify sodium intake, thus
contributing to the poor agreement. Also, the DRS does
not specifically measure intakes of saturated fat, whole
grains or sources of non-liquid added sugars (eg, candy,
energy bars). The DRS as a screener was not created to
replace a detailed diet assessment performed by a RDN.
Rather it is intended to assist the physician or healthcare
provider to quickly address problems with adherence to
the recommended dietary pattern within the office visit.
We did not collect data on subject characteristics apart
from age and gender, and we report them here only
to describe the sample; this precludes subgroup anal-
yses. Our sample was largely female, with access to the
internet, and therefore the results may not be generalis-
able. The average HEI-2015 score in the USA is 59 across
age groups.”” The average score in this study was 63.3,
which is higher than the national average and therefore
our results may underestimate the capacity of the DRS
to detect high dietary risk individuals. We correlated
HEI scores that are energy adjusted (per 1000 kcal) with
overall intakes (DRS), which could have had an impact
on the correlation between dietary components. While
we were not able to calculate the agreement of indi-
vidual DRS components with HEI-2015 components, it
is the overall DRS score that would determine whether
or not a physician intervenes on diet, not the individual
DRS components. Further investigation of modifications
that could improve the alignment of the DRS with the
HEI-2015 is warranted. We did not measure whether the
DRS is sensitive to dietary change. A study in which the
DRS is used to measure the impact of an intervention in
clinical practice is recommended.

The significance of our findings lies in the simple ques-
tionnaire that can be administered without additional
nutrition training to initiate a conversation about diet-
related CMD risk reduction. The DRS has been adapted
as a cell phone application that can guide brief diet assess-
ment and counselling; testing the DRS in a clinical setting
is planned. Importantly, the application includes referral
resources to RDNs who can provide more comprehensive
nutrition counselling and ongoing support. The intent
is for patients with a high DRS score (>18) to be referred
to a RDN for a full diet assessment, nutrition counselling
and intervention. This recommended threshold is based
on the modifiable risk present in an individual reporting

undesirable dietary choices, however, providers could also
refer at a lower threshold, as providing nutrition counsel-
ling to an individual with moderate diet quality could result
in improved diet quality.

The DRS is reliable, brief, validated against an established
measure and provides clinical decision support, all of which
suggest it would be a useful tool in clinical practice."' In the
USA alone, there were approximately 500 million primary
care visits in 2015* and if less than 25% of those included
any mention of nutrition, then there were over 375 million
missed opportunities for prevention. Our results demon-
strate that the DRS can accurately assess diet-related CMD
risk factors and can be completed within a time-limited
physician visit. Empirical evidence supports the impact of
improved diet quality and CMD risk reduction through
nutrition counselling in clinical practice."’ This tool is
a much needed resource for physicians and other non-
nutrition healthcare professionals to provide relevant nutri-
tion guidance to their patients that will improve their diet
and benefit their health.
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Supplementary Table 1 HEI-2015 Scoring Criteria

Component’ Max. |Standard for max score Standard for min (0)
points

Adequacy:

Total Fruits? 5 >0.8 cup equiv./1,000 kcal No Fruit

Whole Fruits?® 5 >0.4 cup equiv./1,000 kcal No Whole Fruit

Total Vegetables* 5 =>1.1 cup equiv. per 1,000 kcal|No Vegetables

Greens and Beans* |5 >0.2 cup equiv./1,000 kcal No Dark Green Vegetables or
Legumes

Whole Grains 10 =>1.5 oz equiv./1,000 kcal No Whole Grains

Dairy® 10 >1.3 cup equiv./ 1,000 kcal  [No Dairy

Total Protein Foods® |5 >2.5 oz equiv./1,000 kcal No Protein Foods

Seafood and Plant |5 >0.8 oz equiv./1,000 kcal No Seafood or Plant Proteins

Proteins®’

Fatty Acids® 10 (PUFAs + MUFASs)/SFAs 22.5 |(PUFAs + MUFAs)/SFAs <1.2

Moderation:

Refined Grains 10 <1.8 0z equiv./1,000 kcal 24.3 oz equiv. per 1,000 kcal

Sodium 10 <1.1 gram/1,000 kcal 22.0 grams per 1,000 kcal

Added Sugars 10 <6.5% of energy 226% of energy

Saturated Fats 10 <8% of energy 216% of energy

1: Intakes between the minimum and maximum standards are scored proportionately.
2: Includes 100% fruit juice. 3: Includes all forms except juice. 4: Includes legumes
(beans and peas). 5: Includes all milk products, such as fluid milk, yogurt, and cheese,
and fortified soy beverages. 6: Includes legumes (beans and peas). 7: Includes
seafood, nuts, seeds, soy products (other than beverages), and legumes (beans and
peas). 8: Ratio of poly- and monounsaturated fatty acids (PUFAs and MUFAs) to
saturated fatty acids (SFAs). https://epi.grants.cancer.gov/hei/developing.html

Supplementary Table 2 Correlations of HEI 2005, 2010, 2015 with DRS

HEI-2005 Score HEI-2010 Score HEI-2015 Score

-0.47 -0.66 -0.60
<.0001 <.0001 <.0001

Spearman Correlation Coefficients, N = 126

DRS
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Supplementary Table 3 HEI-2015 Mean Component Scores

Component HEI-2015 Component Means (95% CI)
Total Fruits? 1(2.8,3.4)
Whole Fruits? 8 (3.5,4.1)
Total Vegetables? 7 (4.5,4.8)
Green and Beans? 2(3.9,4.4)
Whole Grains' 0 (3.5, 4.6)
Dairy’ 0 (5.5, 6.6)
Total Protein? 4(4.2,4.6)
Seafood/Plant Protein? 8(3.5,4.1)
Fatty Acids’ 7 (4.1,5.3)
Refined Grains' 8 6 (8.2,9.0)
Sodium’ 2.3(1.8,2.7)
Added Sugars’ 8.5(8.1,8.9)
Saturated Fat' 5.1 (4.4, 5.7)

Data presented as means (95% ClI); 1: Scored out of a maximum of 10 points, 2: Scored

out of a maximum of 5 points.
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