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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% CI: 61.1 to 65.4); 
mean DRS was 11.8 (95% CI: 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 κ: 
0.28). The DRS had high reliability (n=102, ICC: 0.83). DRS 
mean completion time was 2 min.
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 worldwide1 2 with poor diet 
quality considered responsible for nearly half 
of the preventable deaths.3 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.5 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 diet-related CMD risk.

Less than 25% of patients receive any diet 
assessment or nutrition counselling from a 
physician.6 The American College of Cardi-
ology/American Heart Association (ACC/
AHA)7 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 Force8 recommends behavioural interven-
tions to promote healthy lifestyle changes to 
prevent cardiovascular disease. There is a gap 
between these recommendations and the global 
dietary intake9 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.10 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.11 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.12–15 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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of sodium and sugar-sweetened beverages, and inadequate 
intake of fruits, vegetables, nuts and marine omega-3 fatty 
acids3 (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.19 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.20 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, a short (1 min 
14 s) 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 
3 months 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 

Table 1  DRS scoring criteria

DRS Food/food group

Frequency of Intake

Daily
2 to 3 times 
per week

1 time per 
week Never

DRS fast food Sit-down or take-out meals, frozen dinners or 
other fast food type meals, including pizza*

3 2 1 0

DRS breads Bread, rolls, sandwiches* 3 2 1 0

DRS snacks Chips, popcorn, pretzels, snack mixes, 
crackers*

3 2 1 0

DRS processed meats Sausage, cured or deli meat, hot dogs† 3 3 3 0

DRS sugar-sweetened 
beverages

Regular soda, sweetened iced tea, juice, 
flavoured milk or flavoured coffee drinks‡

3 2 1 0

DRS nuts Peanuts, tree nuts, seeds, peanut butter or other 
nut butter§

0 0 2 3

DRS fish Fish or shellfish¶ 0 0 1 3

DRS vegetables Vegetables (not including potatoes, peas, corn 
or beans)**

0 3 3 3

DRS fruit Fruit (not including fruit juice)†† 0 3 3 3

*Serving Information and rationale for score of 3 (high risk): Sodium >2300 mg per day.
†Serving Information and rationale for score of 3 (high risk): Processed meat >2 ounces per day.
‡Serving 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.
¶Serving 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.
††Serving Information and rationale for score of 3 (high risk): Low fruit <100 g, <1 serving per day.
DRS, diet risk scrore.

https://dx.doi.org/10.1136/bmjnph-2020-000134
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correlation coefficient of r=0.30 between the two tests.21 
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.22 23 
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-
viduals completed both surveys. Only participants who 

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 κ: 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 
correlation with HEI-2015 Seafood/Plant Protein 

Table 2  Mean HEI-2015 score by DRS category

DRS score
Mean HEI-2015 
score (95% CI)* N

1 to 8 (low risk) 70.7 (68.1 to 73.3) a 49 (39%)

9 to 17 (moderate risk) 61.1 (58.1 to 64.1) b 57 (45%)

18 to 27 (high risk) 51.1 (47.2 to 55.1) c 20 (16%)

*Data presented as means (95% CIs) 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.

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.

https://dx.doi.org/10.1136/bmjnph-2020-000134
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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 
>2300 mg/day; 70% of participants reported intakes 
>2300 mg/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 post-hoc 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.3 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.

Table 4  HEI component means by DRS score

HEI component

DRS 
component 
score

HEI component 
score
(mean (95% CI)) P value

Sodium Fast food 0.46

 � 0 1.7 (0.8 to 2.6)

 � 1 2.6 (2.0 to 3.3)

 � 2 2.4 (1.4 to 3.3)

 � 3 2.5 (0.2 to 4.7)

Breads 0.57

 � 0 1.7 (0.3 to 3.0)

 � 1 2.7 (1.9 to 3.5)

 � 2 2.2 (1.4 to 3.1)

 � 3 2.3 (1.3 to 3.3)

Snacks 0.56

 � 0 1.6 (0.2 to 3.0)

 � 1 2.6 (1.8 to 3.3)

 � 2 2.2 (1.4 to 2.9)

 � 3 2.6 (1.1 to 4.0)

Processed 
meats

0.35

 � 0 2.0 (1.2 to 2.8)

 � 3 2.4 (1.9 to 3.0)

Added sugars Sugar-
sweetened 
beverages

<0.001*

 � 0 9.0 (8.5 to 9.4)

 � 1 8.9 (8.4 to 9.5)

 � 2 8.4 (7.0 to 9.8)

 � 3 5.8 (4.1 to 7.4)

Seafood/plant 
protein

Nuts 0.001*

 � 0 4.5 (4.2 to 4.8)

 � 2 3.1 (2.5 to 3.7)

 � 3 2.6 (1.4 to 3.8)

Fish 0.001*

 � 0 4.9 (4.9 to 5.0)

 � 1 3.9 (3.5 to 4.3)

 � 3 2.6 (1.8 to 3.4)

Total vegetables Vegetables <0.001*

 � 0 5.0 (4.9 to 5.0)

 � 3 4.1 (3.6 to 4.5)

Greens/beans  � 0 4.8 (4.7 to 4.9) <0.001*

 � 3 3.0 (2.4 to 3.6)

Total fruit Fruit <0.001*

 � 0 4.2 (3.9 to 4.4)

 � 3 1.8 (1.4 to 2.2)

Whole fruit  � 0 4.7 (4.6 to 4.9) <0.001*

 � 3 2.5 (2.0 to 3.0)

Data presented as means (95% CIs), 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.

https://dx.doi.org/10.1136/bmjnph-2020-000134
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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.24 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,25 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 risk3 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.17 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.27 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.28 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)29 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).30 31 A dietary screening tool (DST), tested 
in older Caucasian, rural adults, categorised participants 

into healthy or less healthy diet groups using principal 
component analysis.32 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.21 The National 
Cancer Institute’s Daily Food Checklist33 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.34–36 Although recommended, current rates of 
nutritional counselling during physician visits are inade-
quate to help mitigate dietary risks.6 Physicians acknowl-
edge that nutrition counselling is part of their patient 
care responsibilities, but cite inadequate knowledge and 
lack of time as barriers.37 38 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 available3 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.40 
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.5 
The retest reliability of the DRS (0.83) is similar to that of 
the REAP questionnaire (0.86),41 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 



268 Johnston EA, et al. bmjnph 2020;3:e000134. doi:10.1136/bmjnph-2020-000134

� BMJ Nutrition, Prevention & Health

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,18 which may vary by race/
ethnicity.16 Sodium intake is difficult for consumers to 
estimate, therefore the gold standard for assessment is 
24-hour urinary sodium excretion.42 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.43 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.11 In the 
USA alone, there were approximately 500 million primary 
care visits in 201544 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.11 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.

Contributors  All authors contributed substantively to this project and manuscript. 
EAJ: Conceptualisation, funding acquisition, methodology and original draft 
preparation. KSP: Methodology, data curation, supervision, reviewing and editing. 
JMB: Funding acquisition, methodology, supervision, reviewing and editing. 
TK: Methodology, writing and reviewing. DCM: Funding acquisition, validation, 
reviewing and editing. LVV: Funding acquisition, methodology, reviewing and editing. 
RW: Resources, software and reviewing. PMKE: Funding acquisition, resources, 
supervision, reviewing and editing.

Funding  This work was supported by AMERICAN HEART ASSOCIATION GRANT 
#19PRE34450165 (Emily A. Johnston). The project described was supported by 
the Penn State Survey Research Center, through the Social Science Research 
Institute. Special thanks to Thomas Gates who created the randomisation scheme 
and coding for this project for all his help and support. The project described was 
supported by the National Center for Advancing Translational Sciences, Grant TL1 
TR002016 and Grant UL1 TR002014. The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the NIH.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  Review and approval for all procedures was obtained from the 
Penn State Institutional Review Board (Study 00008321).

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iD
Emily A Johnston http://​orcid.​org/​0000-​0003-​0389-​6626

REFERENCES
	 1	 Virani SS, Alonso A, Benjamin EJ, et al. Heart disease and stroke 

Statistics-2020 update: a report from the American heart association. 
Circulation 2020;141:e139–596.

	 2	 Global Burden of Metabolic Risk Factors for Chronic Diseases 
Collaboration. Cardiovascular disease, chronic kidney disease, and 
diabetes mortality burden of cardiometabolic risk factors from 1980 
to 2010: a comparative risk assessment. Lancet Diabetes Endocrinol 
2014;2:634–47.

https://dx.doi.org/10.1136/bmjnph-2020-000134
https://dx.doi.org/10.1136/bmjnph-2020-000134
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0389-6626
http://dx.doi.org/10.1161/CIR.0000000000000757
http://dx.doi.org/10.1016/S2213-8587(14)70102-0


269Johnston EA, et al. bmjnph 2020;3:e000134. doi:10.1136/bmjnph-2020-000134

BMJ Nutrition, Prevention & Health�

	 3	 Micha R, Peñalvo JL, Cudhea F, et al. Association between dietary 
factors and mortality from heart disease, stroke, and type 2 diabetes 
in the United States. JAMA 2017;317:912–24.

	 4	 Adams KM, Kohlmeier M, Zeisel SH. Nutrition education in U.S. 
medical schools: latest update of a national survey. Acad Med 
2010;85:1537–42.

	 5	 England CY, Andrews RC, Jago R, et al. A systematic review of brief 
dietary questionnaires suitable for clinical use in the prevention and 
management of obesity, cardiovascular disease and type 2 diabetes. 
Eur J Clin Nutr 2015;69:977–1003.

	 6	 US Department of Health and Human Services, Healthy People. 
Office of Health Promotion and Disease Prevention. Nutrition and 
weight status objectives; 2018.

	 7	 Arnett DK, Blumenthal RS, Albert MA, et al. ACC/AHA guideline 
on the primary prevention of cardiovascular disease: Executive 
summary: A report of the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice Guidelines. 
Circulation 2019;2019:e563–95.

	 8	 US Preventive Services Task Force. Healthful diet and physical 
activity for cardiovascular disease prevention in adults with 
cardiovascular risk factors: behavioral counseling. final 
recommendation statement, 2014. Available: https://www.​uspr​even​
tive​serv​ices​task​force.​org/​Page/​Document/​Reco​mmen​dati​onSt​atem​
entFinal/​healthy-​diet-​and-​physical-​activity-​counseling-​adults-​with-​
high-​risk-​of-​cvd [Accessed March 11, 2020].

	 9	 GBD 2017 Diet Collaborators. Health effects of dietary risks in 195 
countries, 1990-2017: a systematic analysis for the global burden of 
disease study 2017. Lancet 2019;393:1958–72.

	10	 Academy of Nutrition and Dietetics. Nutrition terminology reference 
manual (eNCPT): dietetics language for nutrition care. NCP step 
1: nutrition assessment; 2018. https://www.​ncpro.​org/​nutrition-​
assessment-​snapshot [Accessed 29 Jan 2019].

	11	 Vadiveloo M, Lichtenstein AH, Anderson C, et al. Rapid diet 
assessment screening tools for cardiovascular disease risk 
reduction across healthcare settings: a scientific statement from 
the American Heart Association. Circ Cardiovasc Qual Outcomes 
2020:HCQ0000000000000094.

	12	 Chiuve SE, Cook NR, Shay CM, et al. Lifestyle-based prediction 
model for the prevention of CVD: the healthy heart score. J Am Heart 
Assoc 2014;3:e000954.

	13	 Aaron KJ, Sanders PW. Role of dietary salt and potassium intake in 
cardiovascular health and disease: a review of the evidence. Mayo 
Clin Proc 2013;88:987–95.

	14	 Buil-Cosiales P, Toledo E, Salas-Salvadó J, et al. Association 
between dietary fibre intake and fruit, vegetable or whole-grain 
consumption and the risk of CVD: results from the PREvención con 
DIeta MEDiterránea (PREDIMED) trial. Br J Nutr 2016;116:534–46.

	15	 Hu D, Huang J, Wang Y, et al. Fruits and vegetables consumption 
and risk of stroke: a meta-analysis of prospective cohort studies. 
Stroke 2014;45:1613–9.

	16	 Firestone MJ, Beasley JM, Kwon SC, et al. Asian American dietary 
sources of sodium and salt behaviors compared with other racial/
ethnic groups, NHANES, 2011-2012. Ethn Dis 2017;27:241–8.

	17	 Cobb LK, Anderson CAM, Elliott P, et al. Methodological issues in 
cohort studies that relate sodium intake to cardiovascular disease 
outcomes: a science Advisory from the American Heart Association. 
Circulation 2014;129:1173–86.

	18	 Va P, Dodd KW, Zhao L, et al. Evaluation of measurement error in 
24-hour dietary recall for assessing sodium and potassium intake 
among US adults - National Health and Nutrition Examination Survey 
(NHANES), 2014. Am J Clin Nutr 2019;109:1672–82.

	19	 Centers for Disease Control and Prevention. Top 10 sources of 
sodium. sodium and food sources, 2017. Available: https://www.​cdc.​
gov/​salt/​sources.​htm

	20	 Singh GM, Danaei G, Farzadfar F, et al. The age-specific quantitative 
effects of metabolic risk factors on cardiovascular diseases and 
diabetes: a pooled analysis. PLoS One 2013;8:e65174.

	21	 Segal-Isaacson CJ, Wylie-Rosett J, Gans KM. Validation of a short 
dietary assessment questionnaire: the rapid eating and activity 
assessment for participants short version (REAP-S). Diabetes Educ 
2004;30:774–81.

	22	 McHugh ML. Interrater reliability: the kappa statistic. Biochem Med 
2012;22:276–82.

	23	 Cleghorn CL, Harrison RA, Ransley JK, et al. Can a dietary quality 
score derived from a short-form FFQ assess dietary quality in UK 
adult population surveys? Public Health Nutr 2016;19:2915–23.

	24	 Powell HS, Greenberg DL. Screening for unhealthy diet and exercise 
habits: the electronic health record and a healthier population. Prev 
Med Rep 2019;14:100816.

	25	 Cook A, Roberts K, O'Leary F, O’Leary F, et al. Comparison of 
single questions and brief questionnaire with longer validated food 
frequency questionnaire to assess adequate fruit and vegetable 
intake. Nutrition 2015;31:941–7.

	26	 Aljuraiban GS, Gibson R, Oude Griep LM, et al. Perspective: the 
application of a priori diet quality scores to cardiovascular disease 
Risk-A critical evaluation of current scoring systems. Adv Nutr 
2020;11:10–24.

	27	 Dietary Guidelines Advisory Committee, U.S. Department of Health 
and Human Services, U.S. Department of Agriculture. 2015-2020 
dietary guidelines for Americans; 2020.

	28	 Swan WI, Vivanti A, Hakel-Smith NA, et al. Nutrition care process and 
model update: toward realizing people-centered care and outcomes 
management. J Acad Nutr Diet 2017;117:2003–14.

	29	 Panagiotakos DB, Polystipioti A, Papairakleous N, et al. Long-Term 
adoption of a Mediterranean diet is associated with a better health 
status in elderly people; a cross-sectional survey in Cyprus. Asia Pac 
J Clin Nutr 2007;16:331–7.

	30	 Rasmussen E, Fosnacht Morgan AM, Munson R, et al. Use of an 
electronic medical record to track adherence to the Mediterranean 
diet in a US neurology clinical practice. Mayo Clin Proc Innov Qual 
Outcomes 2018;2:49–59.

	31	 Beasley JM, Sardina P, Johnston EA, et al. Integrating a diet 
quality screener into a cardiology practice: assessment of nutrition 
counseling, cardiometabolic risk factors, and patient/provider 
satisfaction. Current developments in nutrition.

	32	 Bailey RL, Mitchell DC, Miller CK, et al. A dietary screening 
questionnaire identifies dietary patterns in older adults. J Nutr 
2007;137:421–6.

	33	 Epidemiology and Genomics Research Program. National Cancer 
Institute. daily food checklist. dietary assessment resources. 
Available: https://​epi.​grants.​cancer.​gov/​dietary-​assessment/​daily.​
html [Accessed 15 Mar 2020].

	34	 Fitzpatrick SL, Dickins K, Avery E, et al. Effect of an obesity best 
practice alert on physician documentation and referral practices. 
Transl Behav Med 2017;7:881–90.

	35	 Akenroye AT, Kumthekar AA, Alevizos MK, et al. Implementing 
an electronic medical record-based reminder for cardiovascular 
risk screening in rheumatoid arthritis. Arthritis Care Res 
2017;69:625–32.

	36	 O'Grady JS, Thacher TD, Chaudhry R. The effect of an automated 
clinical reminder on weight loss in primary care. J Am Board Fam 
Med 2013;26:745–50.

	37	 Devries S, Agatston A, Aggarwal M, et al. A deficiency of nutrition 
education and practice in cardiology. Am J Med 2017;130:1298–305.

	38	 Vetter ML, Herring SJ, Sood M, et al. What do resident physicians 
know about nutrition? An evaluation of attitudes, self-perceived 
proficiency and knowledge. J Am Coll Nutr 2008;27:287–98.

	39	 Ball L, Johnson C, Desbrow B, et al. General practitioners can offer 
effective nutrition care to patients with lifestyle-related chronic 
disease. J Prim Health Care 2013;5:59–69.

	40	 Beasley J, Riley WT, Jean-Mary J. Accuracy of a PDA-based dietary 
assessment program. Nutrition 2005;21:672–7.

	41	 Gans KM, Risica PM, Wylie-Rosett J, et al. Development and 
evaluation of the nutrition component of the rapid eating and 
activity assessment for patients (REAP): a new tool for primary care 
providers. J Nutr Educ Behav 2006;38:286–92.

	42	 McLean RM, Farmer VL, Nettleton A, et al. Assessment of dietary 
sodium intake using a food frequency questionnaire and 24-hour 
urinary sodium excretion: a systematic literature review. J Clin 
Hypertens 2017;19:1214–30.

	43	 USDA-FNS. HEI scores for Americans, 2019. Available: https://www.​
fns.​usda.​gov/​hei-​scores-​americans [Accessed March 31, 2020].

	44	 National Center for Health Statistics, Centers for Disease Control 
and Prevention. Ambulatory Care Use and Physician office visits; 
FastStats - Physician office visits. Available: https://www.​cdc.​gov/​
nchs/​fastats/​physician-​visits.​htm [Accessed 23 Aug 2019].

http://dx.doi.org/10.1001/jama.2017.0947
http://dx.doi.org/10.1097/ACM.0b013e3181eab71b
http://dx.doi.org/10.1038/ejcn.2015.6
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthy-diet-and-physical-activity-counseling-adults-with-high-risk-of-cvd
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthy-diet-and-physical-activity-counseling-adults-with-high-risk-of-cvd
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthy-diet-and-physical-activity-counseling-adults-with-high-risk-of-cvd
https://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/healthy-diet-and-physical-activity-counseling-adults-with-high-risk-of-cvd
https://www.ncpro.org/nutrition-assessment-snapshot
https://www.ncpro.org/nutrition-assessment-snapshot
http://dx.doi.org/10.1161/HCQ.0000000000000094
http://dx.doi.org/10.1161/JAHA.114.000954
http://dx.doi.org/10.1161/JAHA.114.000954
http://dx.doi.org/10.1016/j.mayocp.2013.06.005
http://dx.doi.org/10.1016/j.mayocp.2013.06.005
http://dx.doi.org/10.1017/S0007114516002099
http://dx.doi.org/10.1161/STROKEAHA.114.004836
http://dx.doi.org/10.18865/ed.27.3.241
http://dx.doi.org/10.1161/CIR.0000000000000015
http://dx.doi.org/10.1093/ajcn/nqz044
https://www.cdc.gov/salt/sources.htm
https://www.cdc.gov/salt/sources.htm
http://dx.doi.org/10.1371/journal.pone.0065174
http://dx.doi.org/10.1177/014572170403000512
http://dx.doi.org/10.11613/BM.2012.031
http://dx.doi.org/10.1017/S1368980016001099
http://dx.doi.org/10.1016/j.pmedr.2019.01.020
http://dx.doi.org/10.1016/j.pmedr.2019.01.020
http://dx.doi.org/10.1016/j.nut.2015.01.006
http://dx.doi.org/10.1093/advances/nmz059
http://dx.doi.org/10.1016/j.jand.2017.07.015
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/17468091
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/17468091
http://dx.doi.org/10.1016/j.mayocpiqo.2017.12.003
http://dx.doi.org/10.1016/j.mayocpiqo.2017.12.003
http://dx.doi.org/10.1093/jn/137.2.421
https://epi.grants.cancer.gov/dietary-assessment/daily.html
https://epi.grants.cancer.gov/dietary-assessment/daily.html
http://dx.doi.org/10.1007/s13142-017-0514-0
http://dx.doi.org/10.1002/acr.22966
http://dx.doi.org/10.3122/jabfm.2013.06.120340
http://dx.doi.org/10.3122/jabfm.2013.06.120340
http://dx.doi.org/10.1016/j.amjmed.2017.04.043
http://dx.doi.org/10.1080/07315724.2008.10719702
http://dx.doi.org/10.1071/HC13059
http://dx.doi.org/10.1016/j.nut.2004.11.006
http://dx.doi.org/10.1016/j.jneb.2005.12.002
http://dx.doi.org/10.1111/jch.13148
http://dx.doi.org/10.1111/jch.13148
https://www.fns.usda.gov/hei-scores-americans
https://www.fns.usda.gov/hei-scores-americans
https://www.cdc.gov/nchs/fastats/physician-visits.htm
https://www.cdc.gov/nchs/fastats/physician-visits.htm

	00_00bmjnph_3_2_Cover
	00_01bmjnph_3_2_EB
	00_02bmjnph_3_2_ToC
	01_bmjnph-2020-000101
	Is global dietary change an effective strategy to curb climate change?
	References


	02_0bmjnph-2020-000115
	Building on what we know: moving beyond effectiveness to consider how to implement, sustain and spread successful health interventions
	Use theory and frameworks
	Involve relevant people
	Consider equity
	Try, try and try again
	Conclusion
	References


	02_1bmjnph-2020-000135
	Opportunities for innovation in nutrition education for health professionals
	References


	03_bmjnph-2020-000160
	Nutrition is key to global pandemic resilience
	An interwoven world
	Vast amount of compounds
	Nutrition is a balancing act
	Special conditions: clinical setting
	A nutrition odyssey
	The world is malnourished
	Monitoring nutritional status: the life engine of a population
	Food environments are important for immune systems
	Policies and action plans as superficial ornaments
	Communicating complexity to the public and policy makers
	Humanitarian crisis on the horizon
	References


	04_bmjnph-2020-000077
	Association between plant-­based diets and blood pressure in the INTERMAP study
	Abstract
	Introduction﻿﻿
	Methods
	Population samples and study design (1996–1999)
	Dietary assessment
	Plant-based diet indices
	Measurement of blood pressure
	Assessment of confounding variables
	Statistical methods

	Results
	Characteristics
	Associations of PDI and hPDI with BP
	Associations of uPDI with BP
	Associations of hPDI and uPDI with BP in subcohorts

	Discussion
	References


	05_bmjnph-2020-000067
	Empowering local communities to make lifestyle changes: is the Health Mela a potential solution?
	Abstract
	Introduction﻿﻿
	Methods
	Results
	Discussion
	Summary of results
	Comparison with existing programmes
	Strengths and limitations
	Recommendations for future work

	Conclusion
	References


	06_bmjnph-2019-000060
	Relationship between maternal body composition during pregnancy and infant’s birth weight in Nairobi informal settlements, Kenya
	Abstract
	Introduction﻿﻿
	Methods
	Study setting and participants
	Study procedure
	Data analysis

	Results
	Maternal characteristics
	Maternal body composition
	Total body water
	Fat-free mass
	FM and body fat percentage

	Infant’s birth weight
	Relationship between maternal body composition and birth weight

	Discussion
	Conclusion
	References


	07_bmjnph-2020-000099
	Contrasting prenatal nutrition and environmental exposures in association with birth weight and cognitive function in children at 7 years
	Abstract
	Introduction﻿﻿
	Methods
	SELMA study description
	Outcomes in the children
	Dietary assessment
	Description of MNI
	PFOS in prenatal serum
	BPF in prenatal urine
	Selection of covariates
	Statistical analyses

	Results
	Cognitive function at 7 years
	Birth weight
	Analyses for dietary source of PFOS
	Interaction with prenatal BPF exposure

	Discussion
	Diet and chemical exposure
	Limitations of the study

	Conclusions
	References


	08_bmjnph-2020-000087
	Preventable causes of cancer in Texas by race/ethnicity: insufficient physical ﻿
﻿activity
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Results
	Discussion
	References


	09_bmjnph-2020-000088
	Modification of vitamin B6 on the associations of blood lead levels and cardiovascular diseases in the US adults
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Exposure
	Outcome
	Covariate
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


	10_bmjnph-2020-000081
	Lifestyle medicine for type 2 diabetes: practice-­based evidence for long-­term efficacy of a multicomponent lifestyle intervention (Reverse Diabetes2 Now)
	Abstract
	Introduction
	Methods
	Study population
	Lifestyle intervention program
	Study design and setting
	Primary outcome measures: GLmed and Hb1Ac values
	Secondary outcome measures
	Statistical analyses

	Results
	Subjects
	Primary outcome measures
	GLmed use
	HbA1c levels
	Glucose control and GLmed use combined

	Secondary outcome measures
	Other T2D biomarkers and health parameters
	Subjective health parameters
	Programme adherence and appreciation


	Discussion
	References


	11_bmjnph-2020-000136
	Role of food aid and assistance in addressing the double burden of malnutrition in Ghana: a qualitative policy analysis
	Abstract
	Introduction
	Methods
	Policy framework
	Approach to policy analysis
	Key informant interviews

	Results
	WFP strategic planning and operations from 2012 to 2017
	WFP strategic planning and operations from 2018 to 2023
	Challenges to addressing the double burden
	WFP’s role
	Insufficient government priority, attention and resources
	The compounding effect of poor data


	Discussion
	Limitations, delimitations and assumptions

	Conclusion
	References


	12_bmjnph-2020-000124
	Effect of the COVID-19-­induced lockdown on nutrition, health and lifestyle patterns among adults in Zimbabwe
	Abstract
	Introduction﻿﻿
	Methods
	Study design, setting and participants
	Data collection and tools
	Physical activity and lifestyle changes
	Lockdown and food access
	Diversified diets
	Generalised anxiety disorder
	Body image perceptions
	Data analysis

	Results
	Characteristics of the participants
	Lockdown and food access
	Implications of lockdown on dietary diversity
	Lifestyle-related habits change during the COVID-19-induced lockdown
	GAD and COVID-19
	Body weight and image perceptions
	Ease of access to health services

	Discussion
	Limitations

	Conclusions
	References


	13_bmjnph-2020-000119
	Rationale and description of a lifestyle intervention programme to achieve moderate weight loss in women with non-­metastatic breast cancer: the lifestyle intervention part of the SUCCESS C Study
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	Primary objectives
	Secondary objectives

	Study population
	Participant enrolment
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Randomisation

	The lifestyle intervention programme
	Goals of the intervention
	Key components of the intervention
	Support material for the participants of the intervention group
	Initiation and implementation of the intervention
	Control group

	Data collection
	Baseline and follow-up assessment for the lifestyle intervention study
	Blood collection
	Safety, documentation and data management

	Discontinuation of the lifestyle intervention
	Feasibility evaluation
	Statistical analysis

	Discussion
	Conclusion
	References


	14_bmjnph-2020-000102
	Alcohol consumption and fruits and vegetable intake among older adults in Ghana: a cross-­sectional survey based on WHO-­SAGE Wave 2 data
	Abstract
	Introduction﻿﻿
	Methods
	Study participants
	Dependent variables
	Independent variables
	Data analysis
	Ethical requirements

	Results
	Alcohol consumption
	FnV intake
	Relationship between alcohol and FnV consumption

	Discussion
	Conclusions
	References


	15_bmjnph-2020-000091
	Adherence to dietary and physical activity guidelines among shift workers: associations with individual and work-­related factors
	Abstract
	Introduction﻿﻿
	Methods
	Study design and participants
	Data management
	Data analysis

	Results
	Demographic characteristics
	Shift work schedule and work environment characteristics
	Dietary and physical activity characteristics
	Multivariable regression analysis
	Fruit and vegetable intake
	Wholegrain intake
	Soft drinks intake
	Physical activity

	Discussion
	Implications of findings
	Strengths and limitations

	Conclusions
	References


	17_bmjnph-2020-000133
	Farming for life: impact of medical prescriptions for fresh vegetables on cardiometabolic health for adults with or at risk of type 2 diabetes in a predominantly Mexican-­American population
	Abstract
	Background﻿﻿
	Methods
	Continuous glucose monitoring
	Statistical analyses

	Results
	Continuous glucose monitoring
	Follow-up visit at 6 months

	Discussion
	Limitations of the study

	References


	18_bmjnph-2020-000107
	Genetic risk of obesity as a modifier of associations between neighbourhood environment and body mass index: an observational study of 335 046 UK Biobank participants
	ABSTRACT
	Background﻿﻿
	Methods
	Data
	Outcome
	Neighbourhood exposures
	Genetic Risk Scores and individual SNPs
	Covariates
	Statistical analysis and analytic sample
	Sensitivity analyses
	Ethics

	Results
	Discussion
	References


	19_bmjnph-2020-000129
	Responsibility for vitamin D supplementation of elderly care home residents in England: falling through the gap between medicine and food
	Abstract
	Introduction﻿﻿
	Methods
	Data collection and analysis

	Results
	Vitamin D understood as a medical issue
	Professional and sector boundaries
	Perceived responsibility and roles
	Cost implications—who pays and provides?
	Policy guidance and compliance

	Low awareness of national guidance and need for vitamin D supplements
	Ethical and practical considerations

	Discussion
	Medicine or food
	Social justice perspective
	Finance
	Formulation of vitamin D
	Nutritional well-being and the ethics of inaction
	Limitations of the study

	Conclusion
	References


	20_bmjnph-2020-000134
	Relative validity and reliability of a diet risk score (DRS) for clinical practice
	Abstract
	Introduction
	Methods
	Creation and scoring of the DRS
	Tests of validity and reliability
	Statistical analysis

	Results
	Relative validation
	Food group correlations
	﻿Test﻿–﻿retest﻿ reliability

	Discussion
	References


	21_bmjnph-2020-000080
	How does self-­perceived nutrition competence change over time during medical training? A prospective longitudinal observational study of New Zealand medical students
	Abstract
	Introduction﻿﻿
	Methods
	Study design and context
	Instrument
	Data collection
	Data analysis

	Results
	NUTCOMP
	Changes at three time points among 26 participants who completed all surveys
	Changes at two time points between matched pairs of Year 2 and Year 4 students (n=75)

	Discussion
	Conclusion
	References


	22_bmjnph-2020-000131
	Perfluoroalkyl substances (PFASs) and mercury in never-­pregnant women of fertile age: association with fish consumption and unfavorable lipid profile
	Abstract
	Background﻿﻿
	Methods
	Study population and design
	Patient and public involvement
	Health assessment questionnaire

	Blood sampling and analysis
	Statistical analysis

	﻿Results﻿
	Demographics
	Serum PFAS concentrations in never-pregnant women of fertile age
	Relations between PFASs and inorganic pollutants
	Relations between PFASs and cholesterol

	﻿Discussion﻿
	﻿Conclusion﻿
	References


	23_bmjnph-2020-000072
	Insights from a general practice service evaluation supporting a lower carbohydrate diet in patients with type 2 diabetes mellitus and prediabetes: a secondary analysis of routine clinic data including HbA1c, weight and prescribing over 6 years
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References


	24_bmjnph-2020-000140
	Literacy is power: structural drivers of child malnutrition in rural Liberia
	Abstract
	Background﻿﻿
	Methods
	Setting
	Study design and data collection
	Data analysis

	Results
	Factors shaping suboptimal breast feeding and complementary feeding practices
	Limited feasibility of exclusive breast feeding within mothers’ social and economic contexts
	Views on colostrum and delayed initiation of breast feeding

	Factors shaping mothers and children’s limited access to nutritious foods
	Inadequate income to feed children and families
	Sale or sharing of supplemental therapeutic foods

	Factors shaping decisions to seek medical care for malnourished children
	Reasons for seeking facility-based care for malnutrition
	Reasons for not seeking facility-based care for malnutrition


	Discussion
	Limitations

	Conclusions
	References


	25_bmjnph-2020-000117
	Nutrition education in medical school: the case of international medical students in China
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	Participant recruitment
	Data collection
	Data analysis

	Results
	Basic characteristics of participants
	Perceived significance of nutrition
	Knowledge of country-specific nutrition situation
	Nutrition education in the medical school
	Knowledge on nutrition management of disease conditions
	Relationship analysis
	Participants’ perspective on improving nutrition education in medical schools

	Discussion
	Proposed intervention plan
	Strengths and weaknesses

	Conclusion
	References


	26_bmjnph-2020-000182
	Spectrum of nutrition-­specific and nutrition-­sensitive determinants of child undernutrition: a multisectoral cross-­sectional study in rural Mozambique
	Abstract﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿﻿
	Introduction﻿﻿
	Methods
	Study objectives and study design
	Study areas and study group
	Sample size and sampling methods
	Anthropometric measurements
	Biochemical tests
	Household interviews and observations
	Data analysis
	Ethical consideration

	Results
	Undernutrition prevalence
	Bivariate analyses
	Multivariate analyses

	Discussion
	Conclusion
	References


	27_bmjnph-2020-000184
	Misalignment of global COVID-19 breastfeeding and newborn care guidelines with World Health Organization recommendations
	Abstract
	Introduction﻿﻿
	Method
	Design
	Sample
	Data collection
	Data analysis

	Results
	Country guidance
	Skin-to-skin contact, early initiation of breastfeeding and direct breastfeeding
	Maternal proximity
	Alternate feeding methods
	Psychological support
	Recommended practices by infant mortality rate and country economic grouping
	Guidance documents referenced
	Confusion and conflicts within guidance


	Discussion
	Study limitations

	Conclusions
	References


	28_bmjnph-2019-000053
	Food & mood: a review of supplementary prebiotic and probiotic interventions in the treatment of anxiety and depression in adults
	Abstract
	Introduction
	GBA mechanisms
	The vagus nerve
	Signalling molecules
	Cross-talk

	Psychiatric disorders in society

	Objective
	Population, intervention, comparison, outcome (PICO)
	Methods
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Information sources
	Database searching
	Search strategy
	Hand searching
	Expert network consultations


	Results
	Study screening
	Study selection
	Article appraisal and data extraction

	Bias
	Risk of bias in studies

	Discussion
	Results impression
	Key findings
	Interpreting questionnaire results
	Potential mechanisms underlying the observed results
	Pro-inflammatory cytokines and immune responses
	Tryptophan

	Implications of findings

	Limitations
	Conclusion
	References


	29_bmjnph-2020-000167
	Genetic variants for personalised management of very low carbohydrate ketogenic diets
	Abstract
	Introduction
	Common SNPs associated with metabolic or neurological outcomes in intervention studies of KD or ketogenic agents
	SNPs associated with weight loss and body composition outcomes
	SNPs associated with neurological outcomes
	SNPs associated with blood lipids and cardiovascular health outcomes

	Inborn genetic conditions with effects on KD response
	Towards evidence-based recommendations
	Candidate genes
	Polygenic scores
	Dynamic biomarkers
	Establishing common standards of study design and variant interpretation

	References


	30_bmjnph-2020-000120
	Exploring the implications of COVID-19 on widening health inequalities and the emergence of nutrition insecurity through the lens of organisations involved with the emergency food response
	Abstract
	Introduction﻿﻿
	Background of health inequalities, food and nutrition insecurity
	Aim
	Methods
	Results
	Increasing demand
	Meeting the needs of specific groups
	Awareness of food supply and value of supporting local
	Concerns over sustainability

	Discussion
	Increased demand
	Concerns over sustainability
	Volunteers and community engagement
	Supporting local producers and responses
	Meeting the needs of specific groups
	Rural communities and the elderly
	Underlying health conditions


	Recommendations
	Limitations
	Conclusion
	References


	31_bmjnph-2020-000064
	Qualitative research study on addressing barriers to healthy diet among low-­income individuals at an urban, safety-­net hospital
	ABSTRACT
	Introduction
	Methods
	Results
	Overall participant perspectives of the program
	Participant capacity to sustain behaviour change
	Constraints on program participation
	Barriers to maintaining a healthy diet among participants

	Discussion
	Conclusion
	References


	32_bmjnph-2020-000074
	Sex and gender differences in childhood obesity: contributing to the research agenda
	Abstract
	Sex differences
	Gender differences
	Applying sex-based and gender-based analysis to childhood obesity studies may yield important insights
	Obesity prevention and treatment strategies may be improved by considering sex and gender
	Conclusion and next steps to further the research agenda
	References


	33_0bmjnph-2020-000090
	33_1bmjnph-2020-000118
	34_bmjnph-2020-000150
	Association between vitamin intake and respiratory complaints in adults from the UK National Diet and Nutrition Survey years 1–8
	Abstract
	Background
	Methods
	Results and discussion
	Conclusion
	References


	35_bmjnph-2020-000114
	Mitigating the global health threat of violent conflict: a preventive framework
	Abstract
	Introduction﻿﻿
	Violent conflict: a major global health issue
	The prevention principle: addressing the precursors of conflict
	Conclusion
	References


	36_bmjnph-2020-000189
	Does a ketogenic diet lower a very high Lp(a)? A striking experiment in a male physician
	Abstract
	Conclusion
	References


	37_bmjnph-2020-000122
	Using the ‘shit’ of the current COVID-19 crisis as fertiliser for the soil to lay the foundations of a new and sustainable era: lessons from past crises to improve the future
	Abstract
	References


	39_bmjnph-2020-000169
	﻿Micronutrient deficiencies in patients with COVID-19: how metabolomics can contribute to their prevention and replenishment﻿
	References


	40_Blank
	41_Blank



