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Abstract 

Background  The American Heart Association (AHA) chose the REAP-S dietary screener in 2020 as one of three US 
dietary screeners recommended for integrating dietary assessment into clinical care. The REAP-S v.2 is an updated 
version that is aligned with the 2020–2025 US Dietary Guidelines and is easily incorporated into electronic medical 
records and taught to medical students.

Methods  The University of New England, Institutional Review Board, approved the study protocol. We evalu‑
ated the reliability and validity of the REAP-S v.2 scale by having first-year medical students (n = 167) complete 
both the REAP-S v.2 and a three-day food record and then analyzing their data with the following statistical tech‑
niques: Internal consistency was measured using Cronbach’s alpha. Construct validity was assessed with exploratory 
factor analysis. Criterion validity was evaluated using analysis of variance (ANOVA) that explored the associations 
between REAP-S v.2 scale item responses and selected nutrient estimates from the food record analyses. The hier‑
archical cluster analysis classified healthy and unhealthy diet grouping under each subscale. Further using these 
groupings, cut points for "good" and "bad" diets for each of the three main REAP-S v.2 subscales (Food Sufficiency/
Food Insufficiency; Healthy Eating Pattern and Low Nutrient Density Foods) were calculated using receiver operating 
characteristics (ROC) analysis. Students analyzed their three-day food intake records using an online USDA application 
called SuperTracker.

Results  The Cronbach’s alpha measuring internal consistency was acceptable for the overall scale at 0.71. The 
exploratory factor analysis extracted three factors that roughly paralleled the three main subscales, suggesting con‑
struct validity. Most selected food record-derived nutrient values were significantly associated with scale items con‑
firming criterion validity. The score cut points suggest that dietary counseling might be needed at ≤ 8, ≤ 10, and ≤ 16 
for the above subscales.

Conclusion  The REAP-S v.2 is intended for clinicians to use as a brief dietary screener with their patients. Tested 
in a population of first-year medical students, the REAP-S v.2 brief dietary screener showed acceptable internal con‑
sistency, criterion, and construct validity. It is easily scored and incorporated into the electronic medical record.
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Background
In 2020 the American Heart Association (AHA) rec-
ommended that clinicians use one of three dietary 
screeners to evaluate patients’ dietary habits regarding 
cardiovascular disease risk reduction [1]. The original 
REAP-S (Rapid Eating Assessment for Participants, short 
version, [2]) was one of the AHA’s three recommended 
dietary screening tools. In this paper, we present validity 
and reliability analyses for an updated and revised ver-
sion of the REAP-S dietary screener.

Eleven million deaths worldwide in 2017 were linked to 
people eating poor diets high in sugar, salt, and processed 
meat, which contributed to heart disease, cancer, and 
diabetes [3]. The AHA stated in their 2020 position paper 
on dietary screeners that “It is critical that diet quality be 
assessed and discussed at the point of care with clinicians 
and other members of the healthcare team to reduce 
the incidence and improve the management of diet-
related chronic disease, especially cardiovascular disease” 
[1]. Suffering and expense caused by nutrition-related 
chronic diseases have significantly increased during this 
half-century, but physician competency in nutrition has 
not [4]. There are many complex reasons for this dis-
crepancy. Funding models rewarded disease-oriented 
interventions and treatments rather than lifestyle inter-
ventions to maintain health and prevent disease, contrib-
uting to the “disturbing mismatch between the skills of 
physicians and the needs of patients” concerning nutri-
tion [5].

A 2018 AHA science advisory, which focused on nutri-
tion training for physicians, has optimistically stated: 
“Enhancing physician education and training in nutri-
tion, as well as increasing collaborative nutrition care 
delivery by 21st-century health systems, will reduce the 
health and economic burdens from atherosclerotic cardi-
ovascular disease to a degree not previously realized” [6].

A two-pronged approach is needed to equip physicians 
and other healthcare providers with the training and 
screening tool to assure that “diet quality (is) assessed and 
discussed at the point of care with clinicians and other 
members of the healthcare team to reduce the incidence 
and improve the management of diet-related chronic 
disease, especially cardiovascular disease” [7]. By gain-
ing this experience early, physicians may be more likely 
to use a screener to assess patients’ dietary behaviors and 
refer them to registered dietitian nutritionists as needed. 
2) Both medical systems and private practitioners should 
be encouraged to incorporate a simple dietary screener 
into an initial patient evaluation screening. The data are 
then entered into the patient’s electronic medical record.

The REAP-S is a brief dietary screening tool designed 
to provide clinicians who may want to take a quick snap-
shot of the strengths and weaknesses of a patient’s diet. 

It is intended to be administered before the patient sees 
the primary care provider (PCP) so the PCP can use the 
information to counsel or refer the patient as necessary. 
The screener can be easily entered into an electronic 
medical record system and scored automatically.

The original REAP-S dietary screener was first pub-
lished in 2004 [2]. We recently updated it to 1) Reflect 
current recommendations in the Dietary Guidelines for 
Americans 2020–2025 [8], 2) Make it easier for patients 
to identify portion sizes [9], and 3) Provide clinicians 
empirically tested cut points for REAP-S v.2 scores. For 
clarity, we refer to the original REAP-S as REAP-S v.1 and 
the updated version as REAP-S v.2. This paper describes 
the validity and reliability study for REAP-S v.2.

Methods
Development of the REAP‑S v.2 dietary screener
As previously mentioned, REAP-S v.2 was developed 
to give clinicians a rapid assessment of a patient’s die-
tary adequacy, including an evaluation of healthy eat-
ing and exercise patterns and the consumption of foods 
that should be limited (e.g., added sugars, saturated fats, 
sodium, and alcohol).

To do this, the questions in REAP-S v.1 were reorgan-
ized into these four subscales: Food Sufficiency/Food 
Insufficiency; Healthy Dietary Pattern; Low Nutrient 
Density Foods; and Exercise, and several questions were 
added or modified. The REAP-S v.2 instrument is pre-
sented in the supplemental material.

Questions in the Food Sufficiency/Food Insufficiency 
subscale (shown in blue) provide information on total 
caloric intake, protein intake, and calcium intake. Ques-
tions 1 and 4 are from REAP–S v.1. Questions 2 and 3 
were added for protein and calorie intake information. 
In the Healthy Eating Pattern subscale (pink), Questions 
5–7 were modified from REAP-S v.1 to include more 
descriptive examples of portion sizes. Questions 8–11 
were added to the Healthy Eating Pattern subscale to 
include the intake of healthy fats found in vegetable oils, 
nuts and fish and the complex carbohydrates and fiber 
found in legumes, reflecting more recent dietary recom-
mendations. In the Low Nutrient Density Foods subscale 
(green), the order of the questions was changed, and 
some of the questions were modified to include descrip-
tive examples of portion sizes. Question 19 was added to 
provide information on alcohol intake. Question 20 in the 
Exercise subscale (yellow) was added to provide informa-
tion on physical activity. We included question 21 from 
REAP-S v.1 to provide a segue for beginning the conver-
sation on readiness to change. The subscale scores pro-
vide the clinician with the option to acknowledge areas 
of strength and focus on the most problematic areas for 
patients who are ready to make changes.
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Study population
All students who participated in this study were in 
the first-year Osteopathic Medical Knowledge Course 
at the University of New England.  Completion of the 
REAP-s v.2 and the three-day food record were part of 
a larger required project called the Health Promotion 
Project. The participant demographic data collected 
by the College of Osteopathic Medicine as part of the 
admissions process was used to describe the study pop-
ulation. The deidentified data included students’ gen-
der, age, and self-reported race/ethnicity.

Study protocol
During the first week of the Health Promotion Pro-
ject assignment, students were invited to participate 
in a study to validate a new dietary screener, REAP-S 
v.2. The course resource materials included a written 
description of the validation study. The data collected 
for the validation study were part of the University of 
New England College of Osteopathic Medicine cur-
riculum activities for all students. Students who did not 
wish to participate in the validation study were given 
an opt-out form to complete and their data were not 
included.  The University of New England Institutional 
Review Board approved the study protocol.

As part of the assignment, students were required 
to complete an assessment of their diet by keeping a 
three-day diet record consisting of two weekdays and 
one weekend day. Students entered their food records 
into an online United States Department of  Agricul-
ture  (USDA)  diet planning and tracking tool, Super-
Tracker [10], to calculate their individual nutrient and 
food group intake which were averaged over the three 
days of reported intake (Fig.  1). Students also com-
pleted the revised REAP-S v.2 dietary screener using an 
online form. SuperTracker analysis data and the REAP 
screener data were deidentified and entered into a 
Microsoft Excel spreadsheet [11]. No students chose to 
opt out of the study, although some did not complete all 
parts of the assignment. It wasn’t possible to do test–
retest reliability because the students’ curriculum did 
not allow for it.

Statistical analysis
Participant characteristics, dietary data analyzed with 
SuperTracker, and responses to REAP-S v.2 were numeri-
cally summarized using descriptive statistics. The con-
tinuous variables were summarized using mean and 
standard deviation, while categorical variables were pre-
sented as frequency counts and percentages. The scale’s 
internal consistency was measured using Cronbach’s 

alpha, which assesses how individual items correlate with 
other items and the total scale.

The REAP-S v.2’s validity was assessed as follows. 
Exploratory factor analysis (EFA) was used to identify 
the construct validity (factors), nature, and number of 
constructs. The Kaiser–Meyer–Olkin (KMO) test was 
used to examine the sampling adequacy of the scale. 
A common factor analysis with an iterated principal 
factor extraction method and a Promax rotation was 
used, assuming the factors are correlated. Three factors 
were extracted based on the majority rule. The process 
included six methods: Eigenvalue > 1 criterion, Kaiser 
minimum Eigenvalue criteria, the cumulative proportion 
of variance (0.8), parallel analysis [12], minimum aver-
age partial test (MAP) [13], and the visual scree test [14]. 
The replicability of the estimates was examined using the 
Bootstrap estimates and 95% confidence interval proce-
dure. The bootstrap analyses were performed based on 
2000 replicated data.

Furthermore, an analysis of variance (ANOVA) was 
fitted to explore the associations between REAP-S v.2 
scale items and selected macronutrients, minerals, and 
vitamins measured from the averaged three-day food 
records analyzed with SuperTracker. Some non-normally 
distributed variables were log-transformed to conform 
to a Gaussian distribution. A score from the analysis of 
participants’ dietary records for healthy versus unhealthy 
eating habits was not readily available; we used a nutri-
ent marker provided by the participants’ SuperTracker 
analyses to derive an objective measure for healthy eat-
ing habits. A hierarchical cluster analysis was used on the 
selected nutrients for each REAP-S v.2 subscale to create 
two clusters representing healthy versus unhealthy eating 
behaviors. Each REAP-S subscale’s best optimal cut point 
scores were then ascertained by modeling the derived 
health status (healthy/unhealthy) as an outcome variable, 
using receiver operating characteristics (ROC) curves via 
a logistic regression model.

Missing Data: Participants (n = 9) who did not com-
plete the REAP-S v.2 and Super Tracker were excluded 
from the analysis. Others with random incomplete infor-
mation were imputed using a fully conditional imputa-
tion approach. All analyses were performed using SAS 
software version 9.4 [15].

Results
Population sample
In 2017, 178 students enrolled in the University of New 
England College of Osteopathic Medicine, of whom 
176 participated in the study. Fifty-one percent (n = 90) 
were male; the average age was 24  years (min, max: 20, 
39). About 68% were New England state residents, 29.7% 
were from other US states, and 2.2% were international. 
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Fig. 1  Example of output from SuperTracker for a three day diet record
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Racially, 71% self-reported as White, 25.8% as of Asian 
or Middle Eastern race, 2.8% were the underrepresented 
minority, and 5.6% were unknown. Of the 176 partici-
pants, nine did not complete the instrument, thus reduc-
ing the analysis sample to 167.

Reliability and validity of the scale
Descriptive statistics of the scale items are presented in 
Table  1. The average total (SD) REAP score was 39.08 
(6.37), approximately the mid-point of the overall total 
score. The mean (SD) of Food Sufficiency/Food Insuf-
ficiency, Healthy Eating Patterns, Low Nutrient Den-
sity Foods, and Exercise subscale score in our study 
population were 9.42(1.83), 10.98(3.27), 16.81 (3.22) and 
2.17(0.85), respectively. Nearly 28% (n = 46) of the sample 
reported a score suggestive of food insufficiency (Food 
Sufficiency / Insufficiency scale ≤ 8 scores); 87% (n = 143) 
reported unhealthy eating patterns (Healthy Eating Pat-
terns ≤ 14 scores), 46% (n = 76) reported not consum-
ing low nutrient density foods (Low Nutrient Density 
Foods ≤ 16 scores) and 25% (n = 41) reported less than 
15 min a day of exercise on fewer than three days a week 
(Exercise ≤ 1 score). Ninety percent of the participants 
reported wanting to change eating and physical activity 
habits.

The estimate of the internal consistency of the over-
all scale as measured by Cronbach’s alpha is 0.71, which 
is within acceptable limits for all study variables (i.e., 
α ≥ 0.70). Internal consistency estimates for the responses 
to the subscales; Food Sufficiency/Food Insufficiency, 
Healthy Eating Pattern and Low Nutrient Density 
Foods subscales were respectively α = 0.41, α = 0.65, and 
α = 0.62.

An exploratory factor analysis was conducted from the 
data collected from the 167 participants using the iter-
ated principal factor analysis with Promax rotation. The 
KMO index measuring the sampling adequacy for each 
variable in the model was 0.67, indicating the sample was 
adequate to perform factor analysis. Three factors were 
extracted based on the majority criteria of extraction 
methods described in the statistics section. The rotated 
factor pattern (standardized regression coefficients 
or loadings) of items, factor structure (correlations), 
Bootstrap estimates of rotated factor pattern with 95% 
confidence intervals, and communality estimates are pre-
sented in Table 1. The rotated pattern matrix and rotated 
structure matrix support the three-factor solutions. The 
structure matrix values show the correlation between 
items and factors.

In contrast, the pattern matrix value presents a rela-
tionship between items and factors while holding other 
factors constant, hence the value differences. These three 
factors explained 87.49% of the total variance. The three 

factors loaded similarly to the theoretical constructs with 
minor changes. Factor 1, the Healthy Eating Pattern vec-
tor, consisted of nine items with factor loadings ranging 
from 0.31 to 0.59. Factor 2, the Low Nutrient Density 
Foods vector, had factor loadings from 0.43 to 0.56, and 
Factor 3, the Food Sufficiency/Food Insufficiency vector, 
had loadings from 0.33 to 0.66. Alcohol and feeling well 
did not play a major role in these constructs, possibly 
due to the age group of the study participants. The rep-
licability of these factors was assessed through Bootstrap 
estimates with 2000 replications, which mainly showed 
similar trends. After ProMax rotation, the factors remain 
correlated. Table  2(a) presents inter-factor correlations 
between factor 1 vs. factor 2, factor 1 vs. factor 3, and fac-
tor 2 vs. factor 3 were 0.34, 0.25 and 0.04, respectively. 
Each item’s proportion of variability explained by the fac-
tors assessed in terms of communality statistics ranged 
between 0.17 to 0.5, except for alcohol. The communal-
ity contribution for alcohol was very low, 0.06, consistent 
with its lack of loading on the factors. Table 2 (b-c) pre-
sents summary statistics for two types of factor scores: 
rotated factor pattern loadings and standardized load-
ings. From the results, though the two scores are different 
in metrics, the correlation table shows the factors provide 
similar results: factor 1 is correlated with two other fac-
tors, while factor 2 is uncorrelated with factor 3. Each 
subscale showed adequate psychometric properties inde-
pendently and could be used separately.

Associations between the REAP‑S v2. scale items and food 
record dietary data
We tested how well each scale item was associated with 
and predicted specific macronutrients, minerals, vita-
mins, and food groups estimated from the participants’ 
three-day dietary self-report and compiled and analyzed 
with Super Tracker. Some non-normally distributed vari-
ables were log-transformed to conform to a Gaussian 
distribution. The association results for each scale item 
are presented in Table  3. Most macronutrients, miner-
als, vitamins, and food groups were statistically asso-
ciated with scale items. These selected nutrients and 
food groups that were associated with each of the sub-
scales were used to differentiate participants into cluster 
groups of healthy and unhealthy eating patterns using 
hierarchical cluster analysis. The dendrogram, a branch-
ing diagram, shows the relationship of similarity among 
participants based on the participant-reported Super-
Tracker nutrient variables values forming two clusters 
(healthy and unhealthy behavior) generated based on 
the cluster analysis (Supplemental Fig.  1a-c). Further, 
these groupings were tested against the REAP-S v.2’s 
subscale scores. The ROC analysis showed subscale cut 
points of ≤ 8, ≤ 10, ≤ 16, and ≤ 1, respectively, for the Food 
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Sufficiency/Food Insufficiency subscale; Healthy Eating 
Pattern subscale; Low Nutrient Density Foods subscale; 
and Exercise to distinguish those who might benefit from 
nutrition counseling from those who should be congratu-
lated on their healthy behaviors.

Discussion
The use of dietary screeners
Dietary behaviors are one of the most difficult human 
behaviors to measure accurately. Many individuals may 
not accurately recall what or how much they ate or drank. 
Social desirability may influence some to report an intake 
they perceive as healthier. Just the act of self-observa-
tion, as in the case of self-completed food records, may 
affect intake. Food intake from day to day and week to 
week may vary for many reasons, such as access to food, 
health, travel, changes in routine, etc. Several methods 
have been developed and tested that show good reliabil-
ity and validity for measuring food intake for research 
studies. Some examples of these are semi-quantitative 
food frequency questionnaires and multiple-pass, mul-
tiple-day food recalls administered by a trained research 
dietitian. Krebs-Smith et  al. has developed an excellent 
resource on dietary intake research tools. The resource is 

available online at the National Cancer Institute’s website 
at https://​dieta​ssess​mentp​rimer.​cancer.​gov/ [16].

As mentioned earlier, dietary screeners, such as REAP-
S v.2, are intended to give clinicians a quick and rough 
snapshot of a patient’s dietary patterns. As useful as die-
tary screeners are, they are not a substitute for nutrition 
research instruments.

Summary of results
The overall REAP-S v.2 screener showed an acceptable 
internal consistency comparable to the original REAP-S 
v.1 (Cronbach’s alpha of 0.72) using a similar sample of 
first-year medical students [17]. The total REAP score 
ranged between 25 to 55 (max = 80), while each sub-
scale score range was food sufficiency/insufficiency score 
(max = 12): 3 to 12, healthy eating patterns (max = 21): 1 
to 20, low nutrient density foods (max = 24): 6 to 24, and 
exercise (max = 3): 0 to 3. The standardized factor scores 
have a mean zero and variability closer to one.

The constructs identified in exploratory factor analy-
sis paralleled the proposed three main subscales of the 
REAP-S v. 2: Factor 1, the Healthy Eating Patterns vec-
tor; Factor 2, the Low Nutrient Density Foods vector and 
Factor 3, the Food Sufficiency/ Food Insufficiency vector. 
The questions on feeling well and alcohol intake did not 

Table 2  Inter-Factor correlation, descriptive statistics, and correlation between factor scores

Patten Factor # – are rotated pattern coefficients; Factor # are standardized scoring coefficients

Factor 1 (Healthy Dietary 
Pattern)

Factor 2 (Low Nutrient Density 
Foods)

Factor 3 (Food Sufficiency/ Insuf‑
ficiency)

(a) Inter-Factor Correlations
  Factor 1 (Healthy Dietary Pattern) 1.00 0.34 0.25

  Factor 2 (Low Nutrient Density Foods) 0.34 1.00 0.04

  Factor 3 (Food Sufficiency/ Insufficiency) 0.25 0.04 1.00

(b) Descriptive statistics of factor scores
Mean (SD) Min, Max Sum

  Factor 1 (Healthy Dietary Pattern) 0 (0.87) -2.35, 2.21 0

  Factor 2 (Low Nutrient Density Foods) 0 (0.86) -3.37, 1.72 0

  Factor 3 (Food Sufficiency/ Insufficiency) 0 (0.80) -2.45, 1.49 0

  Pattern Factor 1 0.37 (0.10) 0.08, 0.63 61.50

  Pattern Factor 2 0.35 (0.09) -0.01, 0.53 58.21

  Pattern Factor 3 0.22 (0.06) 0.05, 0.32 36.15

(c) Correlations between set of factor scores
Factor 1 Fac‑

tor 2
Factor 3 Pattern Fac‑

tor 1
Pattern Factor 2 Pattern Fac‑

tor 3
  Factor 1 (Healthy Dietary Pattern) 1.00 0.42 0.33 0.99 0.34 0.27

  Factor 2 (Low Nutrient Density Foods) 0.42 1.00 0.04 0.35 0.99 0.001

  Factor 3 (Food Sufficiency/ Insufficiency) 0.34 0.04 1.00 0.30 0.008 0.99

  Pattern Factor 1* 0.99 0.35 0.30 1.00 0.27 0.23

  Pattern Factor 2* 0.34 0.99 0.008 0.27 1.00 -0.03

  Pattern Factor 3* 0.27 0.008 0.99 0.23 -0.03 1.00

https://dietassessmentprimer.cancer.gov/
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Table 3  Relationship between REAP-S v.2 scale items and selected nutrients

Scale Item Outcomes (Nutrients/
Minerals/Vitamins)

Every Day More Than 2 Times A 
Week

2 Or Fewer Times A 
Week

Never p Value

Food Insufficiency/Food Sufficiency
Not feeling well Log (total calories) g 5.40 (0.42) 5.25 (0.24) 5.33 (0.26) 5.30 (0.30) 0.6579

Log(protein) g 4.68 (0.60) 4.33 (0.60) 4.47 (0.31) 4.48 (0.43) 0.2447

Eat < 2 meals per day Log (total calories) g - 5.3 (0.24) 5.28 (0.25) 5.31 (0.29) 0.8432

Log(protein) g - 4.44 (0.40) 4.44 (0.28) 4.47 (0.40) 0.9032

Eat less than 3 oz per day 
of high protein

Log(protein) g 4.31 (0.46) 4.38 (0.39) 4.32 (0.30) 4.58 (0.39) 0.0004

Log (iron) mg 3.10 (0.65) 2.75 (0.41) 2.66 (0.35) 2.76 (0.39) 0.0766

Consume less than 2 
servings of a calcium-
rich food

Calcium mg 846.88 (361.17) 833.38 (373.54) 922.88 (312.56) 1053.21 (371.34) 0.0274

Log(vitamin D) mcg 1.36 (0.79) 1.58(0.73) 1.59 (0.65) 1.64 (0.62) 0.7230

Healthy Dietary Pattern
Eat 3 or more servings 
of vegetables per day

Vegetable cups 3.20 (1.21) 2.52 (0.98) 1.92 (1.06) 1.15 (0.65) < 0.0001

Log(Vitamin C) 4.84 (0.68) 4.61 (0.54) 4.17 (0.70) 4.08 (0.16) < 0.0001

Log (folate) 6.38 (0.53) 6.37 (0.38) 6.33 (0.44) 6.12 (0.40) 0.6897

Log (potassium) 8.08 (0.34) 7.97 (0.29) 7.80 (0.36) 7.88 (0.30) 0.0005

Log (dietary fiber) 3.25 (0.49) 3.17 (0.32) 2.95 (0.43) 2.88 (0.23) 0.0010

Eat 2 or more servings 
of fruit per day?

Fruit cups 2.09 (1.16) 1.46 (0.79) 0.95 (0.86) 0.33 (0.34) < 0.0001

Log(Vitamin C) 4.71 (0.81) 4.60 (0.55) 4.27 (0.69) 4.01 (0.55) 0.0006

Log (folate) 6.38 (0.46) 6.44 (0.40) 6.27 (0.44) 6.13 (0.45) 0.0414

Log (potassium) 8.06 (0.34) 7.96 (0.32) 7.85 (0.33) 7.65 (0.35) 0.0008

Log (dietary fiber) 3.22 (0.45) 3.17 (0.41) 2.99 (0.40) 2.78 (0.26) 0.0012

Eat 2 or more servings 
of whole grain products 
or high fiber starches 
a day?

Log (whole grain) 1.06 (0.51) 0.83 (0.45) 0.56 (0.51) 0.54 (0.76) < 0.0001

Log (folate) 6.42 (0.46 6.30 (0.46) 6.30 (0.27) 6.04 (0.48) 0.1414

Log (dietary fiber) 3.15 (0.42) 3.10 (0.41) 2.94 (0.46) 2.86 (0.23) 0.0913

Eat fish, shellfish or other 
seafood?

Log (seafood) 2.52 (2.02) 1.44 (1.19) 1.01 (1.04) 0.28 (0.60) 0.0635

Log (iron) mg 3.15 (0.36) 2.84 (0.60) 2.70 (0.35) 2.78 (0.40) 0.1929

Eat beans, peas, lentils 
or other legumes?

Log(beans) 0.80 (0.67) 0.41 (0.46) 0.21 (0.33) 0.11 (0.17) < 0.0001

Log(iron) mg 3.17 (0.49) 2.70 (0.36) 2.72 (0.39) 2.74 (0.39) 0.0562

Log(dietary fiber) 3.77 (0.61) 3.21 (0.44) 3.07 (0.39) 2.92 (0.33) < 0.0001

Eat tree nuts, peanuts 
or nut butters?

Log(nuts) 0.80 (0.83) 0.25(0.80) 0.13 (0.81)) -0.16 (0.70) 0.0019

Monounsaturated 
Calories gm

1.35 (0.30) 1.42 (0.40) 1.48 (0.31) 1.21 (0.39) 0.0328

Saturated Fat calories 
gm

1.16 (0.44) 1.20 (0.35) 1.28 (0.39) 1.08 (0.34) 0.1780

Log (total calories) gm 5.40 (0.35) 5.32 (0.25) 5.28 (0.26) 5.22 (0.29) 0.1267

Use olive oil, peanut oil 
or other vegetable oils?

Oil Tsp 5.25 (2.61) 5.16 (2.60) 4.76 (2.76) 4.50 (2.59) 0.7474

Monounsaturated 
Calories gm

1.47 (0.33) 1.47 (0.37) 1.28 (0.32) 1.09 (0.41) 0.0021

Saturated Fat calories 
gm

1.28 (0.45) 1.23 (0.38) 1.15 (0.26) 0.94 (0.36) 0.1141

Low Nutrient Density
Eat high fat meats Log (meat, poultry, egg) 1.71 (0.73) 1.52 (0.64) 1.27 (0.62) 0.82 (0.81) 0.0381

Saturated Fat calories 
gm

1.21 (0.36) 1.33 (0.29) 1.21 (0.42) 1.08 (0.37) 0.0284

Total Fat Calories gm 3.82 (0.83) 3.84 (0.60) 3.90 (0.90) 3.57 (0.64) 0.1948

Square Root (Choles‑
terol)

21.51 (8.72) 18.63 (5.14) 16.94 (4.84) 14.72 (5.08) 0.0007

Log (protein) gm 4.64 (0.52) 4.56 (0.33) 4.48 (0.37) 4.29 (0.34) 0.0025
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load well in these factors, which could be due to the spe-
cific sample group.

Criterion validity was evaluated by comparing selected 
nutrition data from averaged three-day food records 
to REAP-S v.2 scale items. Most nutrient data were sig-
nificantly associated with scale items, confirming cri-
terion validity. These selected nutrients were also used 
to develop mathematical cut-point summary scores for 
each of the three major REAP-S v.2 subscales: Food Suf-
ficiency/Food Insufficiency; Healthy Eating Patterns; and 
Low Nutrient Density Foods; this allows clinicians to 
distinguish between healthy and unhealthy dietary pat-
terns with the best sensitivity and specificity. In other 
words, the cut points allow clinicians to sum scale 
items within a subscale and use these subscale scores 
to determine whether a patient generally falls into the 
healthy or unhealthy dietary range, so the clinician can 
decide whether to counsel or refer a patient for nutrition 

counseling. Lower scores reflect poorer dietary patterns. 
The cut points are Food Sufficiency/Food Insufficiency—
a score of ≤ 8; Healthy Eating Patterns – a score of ≤ 10; 
Low Nutrient Density Foods – a score of ≤ 16; and Exer-
cise – a score of ≤ 1.

Comparison of REAP‑S v.2 to other dietary screeners
We did a PubMed search for validated dietary screeners 
and found six recent reviews of dietary screeners, with 
the AHA’s 2020 position paper being the most current 
and relevant for the US population [1, 18–22].

Reliability and validity were among the theoretical and 
practice-based factors the AHA 2020 position paper used 
to evaluate dietary screeners. They included three types 
of validity: 1) Correspondence between screener scores 
and a "gold-standard" dietary assessment tool, such as a 
multiple-day food recall or a semi-quantitative food fre-
quency questionnaire; 2) Generalizability within multiple 

Table 3  (continued)

Scale Item Outcomes (Nutrients/
Minerals/Vitamins)

Every Day More Than 2 Times A 
Week

2 Or Fewer Times A 
Week

Never p Value

Eat more than 1 
tablespoon of cooking 
or table fats

Saturated Fat calories 
gm

1.13 (0.43) 1.38 (0.47) 1.25 (0.32) 1.10 (0.36) 0.0060

Square Root (Choles‑
terol)

19.48 (7.44) 17.03 (4.29) 16.85 (4.88) 17.20 (6.93) 0.6840

Drink 12 oz or more 
of non-diet soda, fruit 
drink/punch, fruit juice 
or Kool-Aid per day?

Total sugars gm 98.60 (33.78) 99.88 (38.26) 82.88 (33.97) 70.60 (30.65) 0.0103

Carbohydrate gm 270.40 (47.45) 253.50 (57.50) 225.60 (56.62) 212.76 (71.04) 0.1072

Log (total calories) gm 5.43 (0.13) 5.48 (0.15) 5.34 (0.23) 5.29 (0.30) 0.1590

  Eat sweets Total Sugar gm 73.30 (28.50) 80.62 (37.19) 74.69 (29.9) 66.03 (30.57) 0.2839

Added sugar 144.82 (50.58) 138.80 (90.94) 119.84 (76.15) 74.83 (50.26) 0.0026

Log (total calories) gm 5.30 (0.16) 5.33 (0.27) 5.28 (0.28) 5.35 (0.34) 0.5854

Saturated Fat calories 
gm

1.34 (0.40) 1.28 (0.34) 1.16 (0.37) 1.16 (0.45) 0.2022

Total Fat Calories gm 3.94 (0.79) 3.88 (0.74) 3.73 (0.70) 3.76 (0.97) 0.6827

Eat packaged snack 
foods

Log (sodium) 8.19 (0.22) 7.98 (0.34) 7.90(0.31) 7.87(0.50) 0.2379

Log (total calories) gm 5.40 (0.19) 5.33 (0.24) 5.30 (0.25) 5.30 (0.37) 0.8664

Eat meals from restau‑
rants

Log (total calories) gm 5.68 (0.20) 5.26 (0.27) 5.32 (0.25) 5.28 (0.36) 0.2116

Log (sodium) 8.67 (0.23) 7.96 (0.37) 7.93 (0.33) 7.81 (0.45) 0.0083

Total Fat Calories gm 3.39 (1.02) 3.67 (0.68) 3.87 (0.81) 3.72 (0.73) 0.4736

Saturated Fat calories 
gm

1.06 (0.55) 1.19 (0.34) 1.22 (0.38) 1.21 (0.44) 0.9189

Total sugars gm 81.50 (54.45) 68.0 (40.04) 74.77 (28.06) 78.49 (35.77) 0.6254

Prepare meals at home Log (total calories) gm 5.03 (0.25) 5.29 (0.24) 5.29 (0.26) 5.37 (0.30) 0.0353

Log (sodium) 7.54 (0.49) 7.87 (0.38) 7.96 (0.35) 7.94 (0.38) 0.0533

Saturated Fat calories 
gm

3.09 (0.81) 3.68 (0.83) 3.84 (0.72) 3.86 (0.78) 0.1021

Log (dietary fiber) gm 2.68 (0.35) 3.08 (0.36) 3.02(0.40) 3.21(0.44) 0.0053

Have more than 1 alco‑
holic drink per day

Log (total calories) gm - 5.39 (0.20) 5.31(0.27) 5.29(0.30) 0.6035

Log (alcohol) - 3.0 (2.26) 1377 (2.17) 0.39(1.15) 0.1083

Walk for at least one mile Log (total calories) gm 5.37(0.28) 5.27(0.29) 5.22(0.15) 5.42 (0.15) 0.0334
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populations; and 3) Correspondence between screener 
scores and a measured biomarker. REAP-S v.1 was, over 
time, validated in all three ways. REAP-S v.2, as a new 
instrument, has not yet been validated in multiple popu-
lations or against a biomarker. Because we retained much 
of the earlier approach, we suspect it will be generalizable 
to multiple populations and may well also correlate with 
biomarkers, such as serum ascorbate levels, as Johnston 
et al. found the REAP-S v.1 did [23].

However, in addition to validating REAP-S v.2 against 
the dietary recall, we validated it using several statisti-
cally rigorous techniques, such as factor analysis and 
construct validity. Most other dietary screeners have not 
undergone this degree of statistical validation. Further, 
we mathematically established through cluster analysis a 
marker for participants’ objective healthy eating behavior 
and using ROC curves derived reasonable sensitive and 
specific cut points for the three main subscales.

The limitations of this study include: 1) The test popu-
lation was a relatively homogenous, predominantly white 
population of first-year osteopathic medical students; 2) 
REAP-S v.2 has not yet been tested on diverse racial, age, 
educational level and socio-economic groups; 3) As men-
tioned earlier, REAP-S v.2 has also not yet been tested 
against a biomarker; 4) Food record data was collected 
and analyzed by the participants and not via an inter-
view with an experienced research dietitian using the 
USDA five-step multiple-pass method for dietary recall 
[24], which may have led to less accurate food records. 
Another limitation is test–retest reliability assessment 
as this was not logistically feasible within this study 
population.

Conclusion
REAP-S v.2, an updated version of the AHA-recom-
mended original REAP-S, appears to have adequate reli-
ability and has passed multiple types of validity testing. It 
has been updated to 1) More closely conform to the Die-
tary Guidelines for Americans 2020–2025; 2) Be easier 
to administer to patients, including better descriptions 
of portion sizes for foods; and 3) Provide statistically 
computed cut points for subscales to assist clinicians in 
assessing which patients would benefit from nutrition or 
physical activity counseling.

With respect to clinical utility, REAP-S v.2 is easy to 
administer and score. It’s also easily converted to an elec-
tronic version that can be integrated into an electronic 
medical record system. It is freely available to clinicians, 
medical groups, researchers, and medical educators.
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