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Abstract
We reviewed the available research and gave an overview of the effects of nutrition education interventions (NEIs) on medical students’ and residents’
knowledge of nutrition, attitudes towards nutrition care, self-efficacy, dietary practices and readiness to offer nutrition care. From 28 May through 29
June 2021, we searched Google Scholar, PubMed, ProQuest, Cochrane and ProQuest to retrieve 1807 articles. After conducting de-duplication and apply-
ing the eligibility criteria and reviewing the title and abstract, 23 papers were included. The data were descriptively and narratively synthesised, and the results
were displayed as frequencies, tables and figures. Twenty-one interventions were designed to increase participants’ knowledge of nutrition-related topics,
and eighteen studies found that nutrition knowledge had significantly improved post-intervention. Only four of the eleven studies that reported on attitudes
about nutrition post-intervention showed a meaningful improvement. The self-efficacy of participants was examined in more than half of the included
studies (n 13, 56⋅5 %), and eleven of these studies found a significant increase in the participants’ level of self-efficacy to offer nutrition care post-inter-
vention. At the post-intervention point, seven interventions found that dietary and lifestyle habits had significantly improved. The review demonstrated the
potential of NEIs to enhance participants’ dietary habits and nutrition-related knowledge, attitudes and self-efficacy. Reduced nutrition knowledge, attitude
and self-efficacy scores during the follow-up, point to the need for more opportunities for medical students and residents to learn about nutrition after the
intervention.

Key words: Competencies: Dietary habits: Lifestyle behaviours: Medical students: Nutrition education

Introduction

Morbidity and death in all age groups are considerably
increased by poor diets. One in five fatalities worldwide are
caused by poor nutrition. In 2017, 11 million deaths were
attributable to dietary risk factors, with 3 million deaths each
due to high salt intake and poor whole grain intake, and 2 mil-
lion due to low fruit intake(1).
Promoting healthy eating habits is a recognised strategy

to lessen the impact of malnutrition. Since doctors are
usually the gatekeepers in the healthcare system, they play an
important role in encouraging people to eat healthy and live
a healthy lifestyle. Doctors can assist individuals by giving
nutrition counselling, nutrition assessments or identifying

and recommending patients to seek professional dietetic
care, all of which are referred to as nutrition care.
Doctors are typically seen as trustworthy sources of nutri-

tion by the general public and are expected to provide nutri-
tion care. The Behavioural Risk Factor Surveillance System
study revealed a roughly threefold increase in patients’
attempts to treat their nutrition issues following physician
advice(2). Thus, it should come as no surprise that the majority
of professional bodies in a number of countries list nutrition
care as one of the responsibilities that doctors should take
on when delivering healthcare(3).
Nonetheless, physicians worldwide continue to underutilise

this opportunity to render nutrition care to their clients.
Doctors struggle to provide nutrition care due to a lack of
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training in nutrition counselling, limited expertise and low con-
fidence(3,4). The vast majority of practicing doctors, medical
students and incoming interns frequently report being dissatis-
fied and unwilling to counsel patients with nutritional
issues(4,5).
Some nutrition education interventions (NEIs) have been

carried out over the years to improve medical students’ nutri-
tion education experiences, with results published in the litera-
ture, in order to promote effective nutrition care provision.
However, there has been a scarcity of critical systematic
reviews of the literature to help inform the design and devel-
opment of these interventions on the competencies and diet-
ary habits of medical students and residents. There have
been three previous reviews of this phenomenon(3,6,7).
Mogre et al.(6) conducted a realist review of the literature to
determine what types of educational interventions work,
how, for whom, why and under what conditions to improve
doctors’ and other healthcare professionals’ competencies
and nutrition care delivery. Crowley et al.(3) conducted a critical
review of the literature in 2019 and reported on the types of
nutrition education provided to medical students, but did
not report on their impact on medical students’ and residents’
competencies. Sunguya et al.(7) reported on the effectiveness of
in-service nutrition training programmes on health workers’
nutrition knowledge, counselling skills and child undernutri-
tion management practices. Although the review by Mogre
et al.(6) reported on the impact of NEIs on medical students’
competencies, it did not extensively evaluate the impact of
NEIs on medical students’ own dietary habits, only included
studies published until 2014, and has not been updated
since. Crowley et al.(3) conducted a review that included both
interventional and non-interventional studies, as well as studies
published up to 2018.
This scoping review aims to map current literature and pro-

vide a summary of the impact of NEIs on nutrition care com-
petencies, self-efficacy and dietary habits of medical students
and residents as a prelude to conducting a comprehensive sys-
tematic review and meta-analysis of the literature. This will
provide information that both academics and practitioners
may find useful.

Methods

The study followed the scoping review guidelines proposed by
Arksey and O’Malley(8) and the recommendations of Levac
et al.(9). We used these guidelines to screen data from existing
databases and then reported in accordance with the PRISMA
extension for scoping review(10).

Eligibility criteria

Studies were chosen based on the following eligibility criteria.
Participants: Medical students and residents.
Outcomes: Eligible studies included those that reported on

nutrition knowledge, attitudes towards nutrition care, self-
efficacy, nutrition counselling skills, dietary and lifestyle
practices, and readiness to provide nutrition care.
Intervention studies aimed at changing the dietary and

lifestyle habits of medical students and residents were also
considered.
Study design: Randomised control trials, quasi-experimental

studies and prospective studies.
Time frame: From January 2010 to June 2021. Only pub-

lished studies were considered.
Language: Only English-language publications were

considered.

Exclusion criteria

All systematic reviews and one-time studies were excluded.
Interventions aimed at medical doctors or family physicians
were also excluded from the study. Furthermore, commentar-
ies, case studies, conference proceedings, non-peer-reviewed
papers, opinion pieces, letters to the editor and abstracts
were not accepted.

Information sources and search strategy

We searched four electronic databases, including PubMed,
ProQuest, Cochrane and Google Scholar, to find relevant lit-
erature (for grey literature). From 28 May 2021 to 29 June
2021, the literature was searched, and email alerts were set
up to notify of newly published articles. BYA developed the
search strategy based on the study’s main research question,
which was then reviewed by VM. Keywords and databases
pertinent to the study were identified by BYA, VM and a
librarian. Appropriate MESH terms as well as free text of key-
words were identified and used as needed. Keywords included
‘nutrition care’, ‘nutrition care competency’, ‘knowledge’, ‘atti-
tudes’, ‘nutrition counselling’, ‘nutrition education’ and ‘med-
ical students’ (undergraduate students or trainees or future
doctors). The appropriate Boolean operators were used. The
search strategy was developed first for PubMed and then
applied to the other databases.

Selection of relevant studies

All search results were exported into EndNote X9 reference
manager for de-duplication and selection. BYA and VM inde-
pendently screened the titles and abstracts against the eligibility
criteria. Full-text screening was used for articles with insuffi-
cient information in the title and abstract to justify their inclu-
sion. BYA and VM discussed the results of the screening
process with the rest of the review team, highlighting areas
of disagreement that were resolved through discussion. The
reference list of the selected articles was searched for add-
itional relevant articles to include.

Data extraction/charting

We extracted data on population (i.e. medical students or
interns or residents or student doctor or trainee doctor), sam-
ple size, study design, focus or objective of the study, educa-
tional level of participants, methods of teaching and
learning, type of intervention (e.g. workshop, curriculum
design), duration of intervention, outcome of intervention
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and study location. Components of the data extraction form
was based on previous research(6,11). Each full text was
reviewed using this format, and the data were extracted into
an Excel spreadsheet. BYA extracted the data, and the results
were discussed with VM and the other team members. We did
not assess the methodological quality of the included studies
because we were scoping the literature for a more comprehen-
sive systematic review.

Data analysis and synthesis

The data were analysed in Microsoft Excel 2013. Descriptive
analysis was performed and presented in the form of frequen-
cies, percentages and narrative format. Furthermore, we classi-
fied the included studies based on the type of outcomes
reported, NEI and study designs.

Patient and public involvement

Patients and/or the public were not involved in the design,
conduct, reporting or dissemination plans for this study.

Results

The four databases yielded 1807 articles. After de-duplication,
there were 1787 articles left for screening. After removing
1750 studies based on title and abstract screening, the remain-
ing 37 studies were subjected to full-text screening, with 23
articles found eligible and included in the analysis. The flow-
chart of the selection process is shown in Fig. 1.
Eighteen of the studies (78⋅3 %) were conducted in the

United States of America (USA), while the remaining articles
were conducted in the Netherlands, Indonesia, Iran, New
Zealand and Portugal (shown in Table 1).
Table 2 summarises the study designs, methodological

approaches and the format of intervention of the included
studies. The articles used a variety of study designs, with the
majority (n 15, 65⋅2 %) using a quasi-experimental design.
The included studies had a total sample size of 6621 partici-
pants (median = 81 participants; interquartile range (IQR):
25⋅5 and 252⋅5). The studies with integrated participation
(a combination of preclinical and clinical year students) had
the largest sample size (median = 718, IQR: 672⋅5 and
1983). Slightly more than three-quarters of the studies (n 18,
78⋅3 %), used only survey questionnaires and a few studies
(n 5, 21⋅7 %) combined surveys and open-ended questions.
The majority of the surveys (n 14, 60⋅9 %) were conducted
using validated questionnaires adapted from previous research.
Eighteen (78⋅3 %) of the studies used a quantitative method,
while the remaining (n 5, 21⋅7 %) used mixed methods (quan-
titative and qualitative methods combined). Mixed method
approaches were used in studies that reported on participants’
feedback about the intervention (n 5, 21⋅7 %). The interven-
tions were delivered through a variety of methods, including
problem-based learning sessions, demonstrations, interactive
case presentations, interactive case studies, interactive work-
shops, paper-based workshops, debates, hands-on experience
self-assessment, visual patient presentation, culinary sessions,

case-based presentations, video lecture and rotations in life-
style medicine.

Nutrition-related knowledge

Almost all the studies (n 21, 91⋅3 %) assessed changes in study
participants’ nutrition-related knowledge(12,14–28,31–35).
Eighteen of these studies (85⋅7 %)(12,14–25,28,31–33,35) found a
significant positive change in knowledge immediately following
intervention. Three studies (n 3, 14⋅3 %) reported no change in
knowledge or improvement without specifying whether the
change was statistically significant(26,27,34). Nawaz et al. found
a slight but insignificant increase in residents’ knowledge on
various lifestyle components after following a lifestyle medi-
cine curriculum that included didactics, distance learning, edu-
cational conferences and a newly developed lifestyle medicine
rotation programme in a study of twenty preventive medicine
residents(26).
The qualitative feedback of study participants demonstrates

that students learned about nutrition-related disorders, and
how to encourage the adoption of healthy dietary practices(12).
Except for four studies(14,18,20,25), which had a two-time meas-
urement and a follow-up (or third time measurement) assess-
ment post-intervention, all the studies had two-time
measurements (i.e. baseline and post-intervention). Two of
these studies reportedly conducted a 3-month follow-up
assessment(20,25). One study each, included 1-month(14) and
2-month(18) post-intervention follow-up measurements.
Except for one study, all the studies that had follow-up assess-
ments reported a decrease in the mean knowledge scores of
the participants at follow-up compared with immediately post-
intervention but higher than the baseline score. For example,
Wood et al.(18) discovered that first-year medical students’
baseline mean knowledge score was 5⋅3 out of a possible
10⋅0 points, which increased significantly (P = 0⋅001) to 8⋅8
points immediately following the intervention and declined
to 6⋅9 points 2 months later(18). In addition, Berz et al.(14) dis-
covered a baseline score of 4⋅3 that significantly increased to
5⋅8 immediately post-intervention but declined to 5⋅2 at the
1-month follow-up assessment. In an observational prospect-
ive study, Spear et al.(25) implemented nutrition education
among surgery residents, with mean knowledge scores increas-
ing from 45 % at baseline to 82 % immediately post-
intervention and declining by 65 % 3 months later. Sjarif
et al.(20) found a knowledge score of 23⋅7 % at baseline that
increased to 61⋅7 % post-intervention and 63 % at 3-months
post-intervention using a quasi-experimental design.

Attitude towards nutrition care

Of the twenty-three studies, 47⋅8 % (n 11) investigated
changes in study participants’ attitudes. Four (36⋅4 %) stud-
ies(21,22,32,33) reported a significant change in attitude after
the intervention, while seven (63⋅6 %) studies(16,18,24,26–28)

reported no significant change. Schlair et al.(22) observed med-
ical students developing the attitude that patients are more
likely to lose weight if they are counselled by physicians
about weight and obesity management immediately following
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the intervention compared with baseline. Two studies found
statistically significant increases in the odds of medical students
reporting that nutrition counselling should be made a routine
practice in medical care(32,33), as well as the belief that phys-
ician counselling could increase the odds of patients wanting
to improve their diet(33). A study conducted in the United
States with 718 first- to fourth-year medical students discov-
ered a significant reduction in their perception of obese peo-
ple having low intelligence and sexual attractiveness after
intervention when compared with baseline(21). Another
study found that after intervention, participants’ attitudes
towards reading and understanding nutrition labels for
healthy food choices improved(28). The seven studies that
did not report a significant change in attitude post-
intervention reported positive attitudes towards nutrition at
baseline that were maintained post-intervention. Wood
et al. (18) discovered that at baseline, participants were both
highly motivated (mean = 8⋅2 points) and excited (mean =
8⋅2 points) to counsel patients on healthy lifestyle choices,
which was sustained post-intervention. Similarly, at the out-
set of three other studies(24,26,34), almost all students believed
that talking to patients about healthy lifestyles was import-
ant, and some believed that nutritional counselling could
lead to improved dietary behaviours.

Self-efficacy in nutrition care

More than half of the studies (n 13, 56⋅5 %) examined study
participants’ self-efficacy(12–14,16–18,22–24,26,28,34,35). Immediately
following the intervention, eleven of the included studies
found a significant improvement in participants’ self-efficacy
to provide nutrition care(12–14,16–18,22,24,28,34,35). The aspects
that were improved were increased efficacy in using the plate
dietary method, making appropriate referrals, and confidence
in providing dietary counselling in the treatment of people
with obesity, elevated LDL-cholesterol and type 2 diabetes.
Following a qualitative approach, Rothmans et al. reported
that some of the students who participated in their interven-
tion commented that, unlike before, they are now confident
in their dietary care prowess and thus willing to provide nutri-
tion care(12). In terms of follow-up assessments, Berz et al.
reported a 1-month follow-up self-efficacy assessment, and
while the score decreased from 4⋅1 to 3⋅9, it remained higher
than the baseline score of 3⋅3.
The two studies that did not report significant improve-

ments in self-efficacy either reported a significant decrease in
participants’ confidence in providing nutrition care and
health-related counselling to family/friends(23) or reported a
non-significant increase in confidence in discussing lifestyle

Fig. 1. A PRISMA flowchart of the study selection process.

4

journals.cambridge.org/jns



Ta
b
le

1.
C
h
a
ra
c
te
ri
s
ti
c
s
o
f
th
e
in
c
lu
d
e
d
s
tu
d
ie
s
(n

2
3
)

A
u
th
o
r
(s
)
a
n
d
y
e
a
r

S
tu
d
y
lo
c
a
ti
o
n

In
te
rv
e
n
ti
o
n
o
b
je
c
ti
v
e
(s
)

S
tu
d
y
d
e
s
ig
n

S
a
m
p
le

s
iz
e
a
n
d

p
a
rt
ic
ip
a
n
ts

In
te
rv
e
n
ti
o
n
ty
p
e
/t
e
a
c
h
in
g

a
n
d
le
a
rn
in
g
m
e
th
o
d
s

D
u
ra
ti
o
n

O
u
tc
o
m
e
s

R
o
th
m
a
n
s
et

al
.(
1
2
)

U
S
A
(P
e
re
lm

a
n

S
c
h
o
o
l
o
f

M
e
d
ic
in
e
)

C
u
lin
a
ry

m
e
d
ic
in
e
o
n
th
e

k
n
o
w
le
d
g
e
,
c
o
n
fi
d
e
n
c
e
a
n
d

p
e
rs
o
n
a
l
d
ie
ta
ry

h
a
b
it
s
a
n
d

c
o
n
fi
d
e
n
c
e
o
f
c
o
u
n
s
e
lli
n
g
in

m
e
d
ic
a
l
s
tu
d
e
n
ts
.

P
re
-
a
n
d
p
o
s
t-
c
o
u
rs
e

s
u
rv
e
y
s
w
it
h
o
u
t
c
o
n
tr
o
l

g
ro
u
p

3
1
fo
u
rt
h
-y
e
a
r
m
e
d
ic
a
l

s
tu
d
e
n
ts

•
N
u
tr
it
io
n
in
s
tr
u
c
ti
o
n
s

•
D
e
m
o
n
s
tr
a
ti
o
n
s
a
n
d

p
ra
c
ti
c
a
l
s
e
s
s
io
n
s

•
L
e
c
tu
re
s

•
C
a
s
e
-b
a
s
e
d
ta
lk
s

8
w
e
e
k
s

•
Im

p
ro
v
e
d
c
o
n
fi
d
e
n
c
e
o
f

p
ro
v
id
in
g
n
u
tr
it
io
n

c
o
u
n
s
e
lli
n
g
fo
r
b
e
h
a
v
io
u
r

c
h
a
n
g
e
.

•
In
s
ig
n
if
ic
a
n
t
c
h
a
n
g
e
in

d
ie
ta
ry

h
a
b
it
s
e
x
c
e
p
t
fo
r

fr
u
it
c
o
n
s
u
m
p
ti
o
n
.

•
C
o
n
s
c
io
u
s
e
ff
o
rt
s

to
w
a
rd
s
m
o
d
if
ic
a
ti
o
n
o
f

fo
o
d
b
e
h
a
v
io
u
rs

C
a
rn
e
s
et

al
.(
1
3
)

U
S
A
(U

n
iv
e
rs
it
y
o
f

C
o
n
n
e
c
ti
c
u
t,

S
c
h
o
o
l
o
f

M
e
d
ic
in
e
)

E
q
u
ip

m
e
d
ic
a
l
tr
a
in
e
e
s
w
it
h

fu
n
d
a
m
e
n
ta
l
n
u
tr
it
io
n

g
u
id
e
lin
e
s
a
n
d
s
k
ill
s
fo
r

d
ie
ta
ry

h
is
to
ry

ta
k
in
g
a
n
d

c
o
u
n
s
e
lli
n
g

P
re
–
p
o
s
t-
s
u
rv
e
y
a
n
d

2
-m

o
n
th
s

p
o
s
t-
in
te
rv
e
n
ti
o
n
s
u
rv
e
y

w
it
h
h
is
to
ri
c
a
l
c
o
n
tr
o
l

8
1
fi
rs
t-
y
e
a
r
m
e
d
ic
a
l

s
tu
d
e
n
ts

•
1
-h

o
n
lin
e
le
c
tu
re

•
S
ta
n
d
a
rd
is
e
d
p
a
ti
e
n
t

(S
P
)
tr
a
in
in
g

•
4
h
o
n
a
s
s
e
s
s
m
e
n
t
o
f

in
te
rv
ie
w
in
g
a
n
d

in
te
rp
e
rs
o
n
a
l
s
k
ill
s

•
2
h
o
n
c
a
s
e
p
o
rt
ra
y
a
l

Im
p
ro
v
e
m
e
n
t
in
c
o
n
fi
d
e
n
c
e

o
f
n
u
tr
it
io
n
c
o
u
n
s
e
lli
n
g

a
m
o
n
g
s
tu
d
e
n
ts
.

B
e
rt
z
et

al
.(
1
4
)

U
S
(B
o
s
to
n

S
c
h
o
o
l
o
f

M
e
d
ic
in
e
)

•
A
d
d
re
s
s
in
g
c
o
m
m
o
n
d
ie
ta
ry

b
e
h
a
v
io
u
r
p
a
tt
e
rn
s

•
P
ro
v
id
in
g
e
v
id
e
n
c
e
-b
a
s
e
d

to
o
ls

fo
r
d
ie
ta
ry

a
s
s
e
s
s
m
e
n
t

a
n
d
c
o
u
n
s
e
lli
n
g
.

P
re
-t
e
s
t–
p
o
s
t-
te
s
t
a
n
d
a

fo
llo
w
-u
p
a
ft
e
r
1
m
o
n
th

w
it
h
o
u
t
c
o
n
tr
o
l

6
6
fo
u
rt
h
-y
e
a
r
m
e
d
ic
a
l

s
tu
d
e
n
ts
B
u
t
4
2

c
o
m
p
le
te
d
th
e

s
u
rv
e
y
.3
0
h
a
d

c
o
m
p
le
te

d
a
ta

fo
r

a
n
a
ly
s
is

•
A
s
in
g
le

re
c
u
rr
in
g

s
e
m
in
a
r

•
In
te
ra
c
ti
v
e
s
e
s
s
io
n

•
R
o
le
-p
la
y
s

•
M
o
n
th
ly

d
id
a
c
ti
c

s
e
s
s
io
n
s

•
L
e
c
tu
re
-b
a
s
e
d

(P
o
w
e
rP
o
in
t

p
re
s
e
n
ta
ti
o
n
s
)

8
m
o
n
th
s

•
S
ig
n
if
ic
a
n
t
in
c
re
a
s
e
in

n
u
tr
it
io
n
k
n
o
w
le
d
g
e

im
m
e
d
ia
te
ly

a
ft
e
r
th
e

in
te
rv
e
n
ti
o
n
a
n
d
1
-m

o
n
th

p
o
s
t-
in
te
rv
e
n
ti
o
n

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

th
e
c
o
n
fi
d
e
n
c
e
o
f

a
c
c
u
ra
te
ly

o
b
ta
in
in
g

d
ie
ta
ry

h
is
to
ry

o
f
c
lie
n
ts

•
Im

p
ro
v
e
m
e
n
t
in

d
ie
ta
ry

c
o
u
n
s
e
lli
n
g

R
u
b
in

et
al
.(
1
5
)

U
S
A
(B
o
s
to
n
,

M
a
s
s
a
c
h
u
s
e
tt
s
)

Im
p
a
c
t
o
f
a
d
ia
b
e
te
s
c
u
rr
ic
u
lu
m

o
n
th
e
n
u
tr
it
io
n
k
n
o
w
le
d
g
e
o
f

in
te
rn
a
l
m
e
d
ic
in
e
re
s
id
e
n
ts
.

P
re
-
a
n
d
1
-y
e
a
r

p
o
s
t-
c
u
rr
ic
u
lu
m

s
u
rv
e
y

w
it
h
o
u
t
c
o
n
tr
o
l
g
ro
u
p

9
1
in
te
rn
a
l
m
e
d
ic
in
e

re
s
id
e
n
ts

•
D
ia
b
e
ti
c
c
u
rr
ic
u
lu
m

•
L
e
c
tu
re
s

•
C
a
s
e
-b
a
s
e
d
d
ia
b
e
te
s

ro
ta
ti
o
n
s

1
y
e
a
r

S
ig
n
if
ic
a
n
t
in
c
re
a
s
e
in

re
s
id
e
n
ts
’
n
u
tr
it
io
n

k
n
o
w
le
d
g
e

C
on

tin
ue

d

5

journals.cambridge.org/jns



Ta
b
le

1.
C
o
n
ti
n
u
e
d

A
u
th
o
r
(s
)
a
n
d
y
e
a
r

S
tu
d
y
lo
c
a
ti
o
n

In
te
rv
e
n
ti
o
n
o
b
je
c
ti
v
e
(s
)

S
tu
d
y
d
e
s
ig
n

S
a
m
p
le

s
iz
e
a
n
d

p
a
rt
ic
ip
a
n
ts

In
te
rv
e
n
ti
o
n
ty
p
e
/t
e
a
c
h
in
g

a
n
d
le
a
rn
in
g
m
e
th
o
d
s

D
u
ra
ti
o
n

O
u
tc
o
m
e
s

L
a
n
g
et

al
.(
1
6
)

U
S
A
(R

e
m
in
g
to
n

n
e
ig
h
b
o
u
rh
o
o
d

o
f
B
a
lt
im

o
re
)

Im
p
ro
v
in
g
re
s
id
e
n
t
p
h
y
s
ic
ia
n

n
u
tr
it
io
n
a
l
c
o
u
n
s
e
lli
n
g
a
n
d

c
u
lin
a
ry

s
k
ill
s

P
re
–
p
o
s
t
w
it
h
o
u
t
c
o
n
tr
o
l

g
ro
u
p

1
6
s
e
c
o
n
d
-y
e
a
r

g
e
n
e
ra
l
p
re
v
e
n
ti
v
e

m
e
d
ic
in
e
re
s
id
e
n
ts

•
T
h
re
e
4
-h

w
o
rk
s
h
o
p
s

•
D
id
a
c
ti
c
P
o
w
e
rP
o
in
t

p
re
s
e
n
ta
ti
o
n
s

•
In
te
ra
c
ti
v
e

d
e
m
o
n
s
tr
a
ti
o
n
s

1
0
m
o
n
th
s

S
ig
n
if
ic
a
n
t
im

p
ro
v
e
m
e
n
t
in

th
e
in
c
id
e
n
c
e
o
f

h
o
m
e
-p
re
p
a
re
d
fo
o
d
s

P
a
n
g
et

al
.(
1
7
)

U
S
A
(K
e
c
k
S
c
h
o
o
l

o
f
M
e
d
ic
in
e
)

T
e
a
c
h
s
tu
d
e
n
ts

h
o
w

to
tu
rn

c
u
lin
a
ry

s
k
ill
s
in
to

to
o
ls

fo
r

c
o
u
n
s
e
lli
n
g
in

o
th
e
r
to

b
o
a
s
t

th
e
ir
c
o
n
fi
d
e
n
c
e
in

p
re
p
a
ri
n
g

h
e
a
lt
h
y
d
ie
ts

P
re
-
a
n
d
p
o
s
t-
c
o
u
rs
e

s
u
rv
e
y
w
it
h
o
u
t
c
o
n
tr
o
l

4
7
s
e
c
o
n
d
-y
e
a
r

m
e
d
ic
a
l
s
tu
d
e
n
ts

•
9
0
-m

in
c
o
o
k
in
g
s
e
s
s
io
n

•
3
0
m
in

o
f
c
o
m
m
u
n
a
l

e
a
ti
n
g
a
n
d
s
e
s
s
io
n

d
e
b
ri
e
fi
n
g

•
3
0
-m

in
d
is
c
u
s
s
io
n
o
n

h
o
w

d
is
e
a
s
e
s
a
n
d

•
M
y
P
la
te

re
la
te

to
h
e
a
lt
h

6
w
e
e
k
s

•
C
la
s
s
w
a
s
w
e
ll-
re
c
e
iv
e
d

•
Im

p
ro
v
e
d
s
tu
d
e
n
ts
’

n
u
tr
it
io
n
k
n
o
w
le
d
g
e
,

c
o
n
fi
d
e
n
c
e
in

lif
e
s
ty
le

c
o
u
n
s
e
lli
n
g
,
a
n
d

p
e
rs
o
n
a
l
c
u
lin
a
ry

s
k
ill
s

W
o
o
d
et

al
.(1

8
)

U
S
A
(W

a
y
n
e

S
ta
te

U
n
iv
e
rs
it
y

S
c
h
o
o
l
o
f

M
e
d
ic
in
e
)

T
h
e
e
ff
ic
a
c
y
o
f
a
h
a
n
d
s
-o
n

c
u
lin
a
ry

n
u
tr
it
io
n
c
u
rr
ic
u
lu
m

o
n
m
e
d
ic
a
l
s
tu
d
e
n
ts
’

p
e
rs
o
n
a
l
d
ie
ta
ry

h
a
b
it
s
a
n
d

p
e
rc
e
iv
e
d
p
re
p
a
re
d
n
e
s
s
to

c
o
u
n
s
e
l
p
a
ti
e
n
ts

o
n
a
h
e
a
lt
h
y

d
ie
t.

P
re
–
p
o
s
t
a
n
d
tw
o
(2
)

m
o
n
th
s
p
o
s
t-
te
s
t
w
it
h
o
u
t

c
o
n
tr
o
l
g
ro
u
p

1
0
fi
rs
t-
y
e
a
r
m
e
d
ic
a
l

s
tu
d
e
n
ts

•
D
e
s
ig
n
e
d
a
s
a
p
ra
c
ti
c
a
l

c
o
m
p
le
m
e
n
t
to

a

le
c
tu
re
-b
a
s
e
d
C
lin
ic
a
l

N
u
tr
it
io
n
c
o
u
rs
e

•
2
0
m
in

o
f
c
u
lin
a
ry

th
e
o
ry

d
id
a
c
ti
c
in
s
tr
u
c
ti
o
n

•
1
0
m
in

o
f
d
e
m
o
n
s
tr
a
te
d

c
u
lin
a
ry

te
c
h
n
iq
u
e

in
s
tr
u
c
ti
o
n

•
8
0
m
in

o
f
s
u
p
e
rv
is
e
d

c
o
o
k
in
g
in

s
m
a
ll
g
ro
u
p
s

•
1
0
m
in

o
f
a
n
in
te
ra
c
ti
v
e

n
u
tr
it
io
n
d
is
c
u
s
s
io
n

1
m
o
n
th

•
Im

p
ro
v
e
d
th
e
le
v
e
l
o
f

p
re
p
a
re
d
n
e
s
s
to

c
o
u
n
s
e
l

p
a
ti
e
n
ts

o
n
h
e
a
lt
h
y
d
ie
t

b
o
th

im
m
e
d
ia
te
ly

a
n
d
2

m
o
n
th
s
p
o
s
t-
in
te
rv
e
n
ti
o
n
.

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

c
u
lin
a
ry

k
n
o
w
le
d
g
e

im
m
e
d
ia
te
ly

a
n
d
2

m
o
n
th
s
p
o
s
t-
in
te
rv
e
n
ti
o
n
.

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

d
ie
ta
ry

b
e
h
a
v
io
u
r.

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

s
e
lf
-r
a
te
d
a
tt
it
u
d
e

to
w
a
rd
s
h
e
a
lt
h
y
d
ie
ta
ry

c
o
u
n
s
e
lli
n
g
.

A
fa
g
h
i
et

al
.(
1
9
)

Ir
a
n

•
Im

p
ro
v
e
c
lin
ic
a
l
s
k
ill
s
to
w
a
rd
s

th
e
ro
le

o
f
n
u
tr
it
io
n
in

c
h
ro
n
ic

d
is
e
a
s
e
,
m
e
ta
b
o
lic
,
h
e
a
rt
,

re
n
a
l
a
n
d
in
te
s
ti
n
a
l
d
is
e
a
s
e

A
s
s
e
s
s
m
e
n
t
o
f
c
u
rr
e
n
t
d
ie
ta
ry

in
ta
k
e
a
n
d
w
e
ig
h
t

m
a
n
a
g
e
m
e
n
t.

P
re
–
p
o
s
t
a
n
d
o
n
e
(1
)

m
o
n
th

p
o
s
t-
te
s
t
w
it
h
o
u
t

c
o
n
tr
o
l
g
ro
u
p

4
6
fo
u
rt
h
a
n
d
fi
ft
h
-y
e
a
r

m
e
d
ic
a
l
s
tu
d
e
n
ts

C
a
s
e
-b
a
s
e
d

p
ro
b
le
m
-o
ri
e
n
te
d

tu
to
ri
a
l
c
u
rr
ic
u
lu
m

d
e
s
ig
n

4
w
e
e
k
s

S
ig
n
if
ic
a
n
tl
y
in
c
re
a
s
e
d
th
e

n
u
tr
it
io
n
k
n
o
w
le
d
g
e

s
c
o
re

o
f
s
tu
d
e
n
ts

im
m
e
d
ia
te
ly

p
o
s
t-
in
te
rv
e
n
ti
o
n

6

journals.cambridge.org/jns



S
ja
ri
f
et

al
.(2

0
)

In
d
o
n
e
s
ia

E
ff
e
c
ti
v
e
n
e
s
s
o
f
a
n
e
w

p
a
e
d
ia
tr
ic

n
u
tr
it
io
n
m
o
d
u
le

Q
u
a
s
i-
e
x
p
e
ri
m
e
n
ta
l
s
tu
d
y

w
it
h
o
u
t
c
o
n
tr
o
l
g
ro
u
p

a
n
d
3
-m

o
n
th
s
re
te
n
ti
o
n

te
s
t

5
3
fi
ft
h
-y
e
a
r
(5
th

y
e
a
r)

m
e
d
ic
a
l
s
tu
d
e
n
ts

•
L
e
c
tu
re
s

•
P
a
p
e
r-
b
a
s
e
d
w
o
rk
s
h
o
p
s

•
C
a
s
e
p
ra
c
ti
c
e
(R

o
le
-p
la
y
)

•
V
id
e
o
s
a
n
d
in
te
ra
c
ti
v
e

le
a
rn
in
g

7
m
o
n
th
s

S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

s
tu
d
e
n
ts
’
n
u
tr
it
io
n

k
n
o
w
le
d
g
e
a
n
d

c
o
u
n
s
e
lli
n
g
s
k
ill
s

G
a
y
e
r
et

al
.(2

1
)

U
S
A
(C

a
lif
o
rn
ia
)

C
o
m
p
re
h
e
n
s
iv
e
o
b
e
s
it
y

c
u
rr
ic
u
lu
m

o
n
th
e
k
n
o
w
le
d
g
e

a
n
d
a
tt
it
u
d
e
o
f
fu
tu
re

d
o
c
to
rs

to
w
a
rd
s
p
e
o
p
le

w
it
h
o
b
e
s
it
y

P
re
-
a
n
d
p
o
s
t-
c
u
rr
ic
u
lu
m

s
u
rv
e
y
w
it
h
c
o
n
tr
o
l

g
ro
u
p

7
1
8
fi
rs
t,
s
e
c
o
n
d
,
th
ir
d

a
n
d
fo
u
rt
h
-y
e
a
r

s
tu
d
e
n
ts

•
L
e
c
tu
re
s

•
In
te
ra
c
ti
v
e
c
a
s
e
s
tu
d
y

s
im

u
la
ti
o
n

•
V
ir
tu
a
l
p
a
ti
e
n
t
c
a
s
e

p
re
s
e
n
ta
ti
o
n
s

P
ro
v
id
in
g
re
a
d
in
g

m
a
te
ri
a
l

F
ir
s
t
y
e
a
r
2
0
1
5
;

5
h
,
fi
rs
t
y
e
a
r

2
0
1
6
th
ro
u
g
h

2
0
1
8
;
6

h
S
e
c
o
n
d

y
e
a
r
2
0
1
5
;
3

h

•
T
h
e
in
te
rv
e
n
ti
o
n

s
ig
n
if
ic
a
n
tl
y
in
c
re
a
s
e
d

th
e
o
b
e
s
it
y
-r
e
la
te
d

k
n
o
w
le
d
g
e
o
f
s
tu
d
e
n
ts

•
S
ig
n
if
ic
a
n
t
im

p
ro
v
e
d
th
e

a
tt
it
u
d
e
to
w
a
rd
s
p
e
o
p
le

w
it
h
o
b
e
s
it
y

S
c
h
la
ir
et

al
.(2

2
)

U
S
A
(N

e
w

Y
o
rk
)

Im
p
a
c
t
o
f
a
n
u
tr
it
io
n
p
ro
g
ra
m
m
e

o
n
th
e
n
u
tr
it
io
n
a
l
k
n
o
w
le
d
g
e
,

c
o
n
fi
d
e
n
c
e
o
f
c
o
u
n
s
e
lli
n
g

a
n
d
th
e
im

p
a
c
t
o
f
s
tu
d
e
n
ts
’

b
e
h
a
v
io
u
r
o
n
o
u
tc
o
m
e
.

P
re
–
p
o
s
t
a
n
d
2
w
e
e
k
s

p
o
s
t-
in
te
rv
e
n
ti
o
n
s
u
rv
e
y

w
it
h
o
u
t
c
o
n
tr
o
l
g
ro
u
p

1
6
2
fi
rs
t-
y
e
a
r
m
e
d
ic
a
l

S
tu
d
e
n
ts

•
L
e
c
tu
re
s

In
te
ra
c
ti
v
e
w
o
rk
s
h
o
p

2
h

•
T
h
e
re

w
a
s
a
s
ig
n
if
ic
a
n
t

in
c
re
a
s
e
in

s
tu
d
e
n
ts
’

n
u
tr
it
io
n
k
n
o
w
le
d
g
e
a
n
d

c
o
n
fi
d
e
n
c
e
in

n
u
tr
it
io
n

c
o
u
n
s
e
lli
n
g
.

•
S
ig
n
if
ic
a
n
t
im

p
ro
v
e
m
e
n
t

in
s
tu
d
e
n
ts
’
a
tt
it
u
d
e

to
w
a
rd
s
n
u
tr
it
io
n
.

•
Im

p
ro
v
e
d
s
tu
d
e
n
ts
’

d
ie
ta
ry

h
a
b
it
s
e
.g
.
p
le
n
ty

fr
u
it
s
a
n
d
v
e
g
e
ta
b
le
s

c
o
n
s
u
m
p
ti
o
n
a
n
d

a
v
o
id
a
n
c
e
o
f
fa
tt
y
fo
o
d

in
ta
k
e
.

C
ro
w
le
y
et

al
.(2

3
)

N
e
w

Z
e
a
la
n
d

(U
n
iv
e
rs
it
y
o
f

A
u
c
k
la
n
d
)

Im
p
a
c
t
o
f
a
n
u
tr
it
io
n
in
te
rv
e
n
ti
o
n

o
n
th
e
d
ie
ta
ry

h
a
b
it
a
n
d

s
e
lf
-e
ff
ic
a
c
y
to

im
p
ro
v
e

p
e
rs
o
n
a
l
b
e
h
a
v
io
u
rs

a
n
d

c
o
u
n
s
e
lli
n
g
.

P
re
–
p
o
s
t-
c
o
u
rs
e
s
u
rv
e
y

w
it
h
c
o
n
tr
o
l
g
ro
u
p

2
3
9
m
e
d
ic
a
l
s
tu
d
e
n
ts

a
n
d
s
ix
ty
-o
n
e
(2
5
⋅5

%
)
p
a
rt
ic
ip
a
te
d
in

b
a
s
e
lin
e
a
n
d

p
o
s
t-
in
te
rv
e
n
ti
o
n

s
u
rv
e
y

•
D
id
a
c
ti
c
le
a
rn
in
g

S
m
a
ll
in
te
ra
c
ti
v
e

s
e
s
s
io
n
s

1
2
w
e
e
k
s

(i
n
v
o
lv
in
g
1
3

c
o
n
ta
c
t

h
o
u
rs
)

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

s
tu
d
e
n
ts
’
d
ie
ta
ry

h
a
b
it
s
e
.

g
.
w
h
o
le
g
ra
in

fo
o
d
in
ta
k
e

•
Im

p
ro
v
e
d
k
n
o
w
le
d
g
e
o
f

d
ie
ta
ry

c
h
o
ic
e
s

•
T
h
e
re

w
a
s
a
n

in
s
ig
n
if
ic
a
n
t
in
c
re
a
s
e
in

a
tt
it
u
d
e
to
w
a
rd
s
d
ie
ta
ry

c
o
u
n
s
e
lli
n
g
.

•
N
o
s
ig
n
if
ic
a
n
t

im
p
ro
v
e
m
e
n
t
in

c
o
n
fi
d
e
n
c
e
to
w
a
rd
s

n
u
tr
it
io
n
c
a
re

to
fa
m
ily

a
n
d
fr
ie
n
d
s
.

C
on

tin
ue

d

7

journals.cambridge.org/jns



Ta
b
le

1.
C
o
n
ti
n
u
e
d

A
u
th
o
r
(s
)
a
n
d
y
e
a
r

S
tu
d
y
lo
c
a
ti
o
n

In
te
rv
e
n
ti
o
n
o
b
je
c
ti
v
e
(s
)

S
tu
d
y
d
e
s
ig
n

S
a
m
p
le

s
iz
e
a
n
d

p
a
rt
ic
ip
a
n
ts

In
te
rv
e
n
ti
o
n
ty
p
e
/t
e
a
c
h
in
g

a
n
d
le
a
rn
in
g
m
e
th
o
d
s

D
u
ra
ti
o
n

O
u
tc
o
m
e
s

C
o
p
p
o
o
ls
e
et

al
.(
2
4
)

N
e
th
e
rl
a
n
d
s

Im
p
a
c
t
o
f
n
u
tr
it
io
n
e
d
u
c
a
ti
o
n
o
n

th
e
n
u
tr
it
io
n
k
n
o
w
le
d
g
e
a
n
d

in
te
n
ti
o
n
s
to
w
a
rd
s
d
ie
ta
ry

c
o
u
n
s
e
lli
n
g
.

B
a
s
e
lin
e
a
n
d

p
o
s
t-
in
te
rv
e
n
ti
o
n
s
u
rv
e
y

w
it
h
c
o
n
tr
o
l
g
ro
u
p

1
1
8
m
e
d
ic
a
l
s
tu
d
e
n
ts

L
e
c
tu
re
s

1
0
-w

e
e
k
s

c
o
u
rs
e
2
4
-h

c
o
u
rs
e

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

th
e
n
u
tr
it
io
n
k
n
o
w
le
d
g
e

•
Im

p
ro
v
e
d
in
te
n
ti
o
n
o
f

p
ro
v
id
in
g
d
ie
ta
ry

c
o
u
n
s
e
lli
n
g
in

m
e
d
ic
a
l

s
tu
d
e
n
ts

S
p
e
a
r
et

al
.(2

5
)

U
S
A
(M

e
th
o
d
is
t

H
o
s
p
it
a
l
in

H
o
u
s
to
n
,

T
e
x
a
s
)

P
ilo
t
n
u
tr
it
io
n
e
d
u
c
a
ti
o
n

p
ro
g
ra
m
m
e
in

im
p
ro
v
in
g

re
s
id
e
n
ts
’
k
n
o
w
le
d
g
e
o
f

n
u
tr
it
io
n
n
e
e
d
s
in
th
e
c
ri
ti
c
a
lly

ill
c
lie
n
ts
.

P
ro
s
p
e
c
ti
v
e
o
b
s
e
rv
a
ti
o
n
a
l

p
ilo
t
s
tu
d
y
w
it
h
p
re
-
a
n
d

p
o
s
t-
te
s
ti
n
g
a
n
d

3
-m

o
n
th
s
p
o
s
t-
te
s
ti
n
g

w
it
h
o
u
t
c
o
n
tr
o
l
g
ro
u
p

8
p
o
s
t-
g
ra
d
u
a
te

y
e
a
r-
o
n
e
s
u
rg
e
ry

re
s
id
e
n
ts

•
L
e
c
tu
re
s

In
te
ra
c
ti
v
e
c
a
s
e
s
tu
d
ie
s

1
2
m
o
n
th
s

Im
p
ro
v
e
d
b
o
th

s
h
o
rt
-t
e
rm

a
n
d
lo
n
g
-t
e
rm

IC
U

n
u
tr
it
io
n
k
n
o
w
le
d
g
e
o
f

re
s
id
e
n
ts
.

N
a
w
a
z
et

al
.(2

6
)

U
S
A
(G

ri
ff
in

H
o
s
p
it
a
l)

N
e
w

c
u
rr
ic
u
lu
m

a
n
d
ro
ta
ti
o
n
in

lif
e
s
ty
le

m
e
d
ic
in
e
fo
r

p
re
v
e
n
ti
v
e
m
e
d
ic
in
e

re
s
id
e
n
ts
.

B
a
s
e
lin
e
s
u
rv
e
y
a
n
d

fo
llo
w
-u
p
s
u
rv
e
y
w
it
h

c
o
n
tr
o
l
g
ro
u
p

2
0
p
re
v
e
n
ti
v
e
m
e
d
ic
in
e

re
s
id
e
n
ts

•
C
lin
ic
a
l
ro
ta
ti
o
n
s

•
D
id
a
c
ti
c
le
c
tu
re
s

•
D
e
m
o
n
s
tr
a
te

•
In
te
ra
c
ti
v
e
s
e
s
s
io
n
s

•
W
e
b
-b
a
s
e
d
m
o
d
u
le
s

•
D
is
ta
n
c
e
le
a
rn
in
g

•
E
d
u
c
a
ti
o
n
a
l

•
C
o
n
fe
re
n
c
e
s

2
w
e
e
k
s

•
N
o
s
ig
n
if
ic
a
n
t
c
h
a
n
g
e
in

a
tt
it
u
d
e
to
w
a
rd
s
n
u
tr
it
io
n

c
a
re
.

•
N
o
s
ig
n
if
ic
a
n
t
c
h
a
n
g
e
in

n
u
tr
it
io
n
a
n
d
lif
e
s
ty
le

k
n
o
w
le
d
g
e
.

•
N
o
s
ig
n
if
ic
a
n
t
c
h
a
n
g
e
in

c
o
n
fi
d
e
n
c
e
to
w
a
rd
s

d
is
c
u
s
s
in
g
n
u
tr
it
io
n
a
n
d

lif
e
s
ty
le

w
it
h
c
lie
n
ts
.

•
N
o
s
ig
n
if
ic
a
n
t

im
p
ro
v
e
m
e
n
t
in

s
e
lf
-r
e
p
o
rt
e
d
re
s
id
e
n
ts
’

q
u
a
lit
y
o
f
d
ie
ta
ry

h
a
b
it
.

W
a
ls
h
et

al
.(
2
7
)

U
S
A
(C

h
ild
re
n
’s

H
o
s
p
it
a
l

B
o
s
to
n
)

Im
p
a
c
t
o
f
c
h
a
n
g
e
in

c
u
rr
ic
u
lu
m

(d
e
d
ic
a
te
d
to

in
te
g
ra
te
d
)
o
n

th
e
n
u
tr
it
io
n
a
lk
n
o
w
le
d
g
e
a
n
d

a
tt
it
u
d
e
o
f
m
e
d
ic
a
l
s
tu
d
e
n
t.

Q
u
a
s
i-
e
x
p
e
ri
m
e
n
ta
ld

e
s
ig
n

(P
re
–
p
o
s
t-
s
u
rv
e
y
)

w
it
h
o
u
t
c
o
n
tr
o
l
g
ro
u
p

Y
e
a
r-
2
;
1
3
1
P
M
N

a
n
d

1
3
5
IC
N

(r
e
s
p
o
n
s
e
s

re
c
e
iv
e
d
fr
o
m

6
6
to

5
9
,
re
s
p
e
c
ti
v
e
ly
)

•
4
5
-m

in
le
c
tu
re

•
9
0
-m

in
s
m
a
ll
g
ro
u
p

e
x
e
rc
is
e

•
P
ro
b
le
m
-b
a
s
e
d
le
a
rn
in
g

•
D
e
b
a
te
s

S
e
lf
-a
s
s
e
s
s
m
e
n
t

e
x
e
rc
is
e
s

1
4
w
e
e
k
s
(2
8

c
o
n
ta
c
t

h
o
u
rs
)

•
N
o
s
ig
n
if
ic
a
n
t
c
h
a
n
g
e
in

n
u
tr
it
io
n
a
lk
n
o
w
le
d
g
e
a
n
d

a
tt
it
u
d
e
o
f
m
e
d
ic
a
l

s
tu
d
e
n
ts
.

•
S
ig
n
if
ic
a
n
t
d
is
s
a
ti
s
fa
c
ti
o
n

w
it
h
th
e
ir
n
u
tr
it
io
n

e
d
u
c
a
ti
o
n

8

journals.cambridge.org/jns



M
o
ta

et
al
.(2

8
)

P
o
rt
u
g
a
l

Im
p
a
c
t
o
f
N
u
tr
it
io
n
a
n
d

M
e
ta
b
o
lis
m

(N
M
)
c
u
rr
ic
u
la
r

u
n
it
(C

U
)
o
n
th
e
a
tt
it
u
d
e
,

b
e
h
a
v
io
u
rs
,
k
n
o
w
le
d
g
e
,

c
o
n
fi
d
e
n
c
e
o
n
fu
tu
re

p
ra
c
ti
c
e

a
n
d
a
d
h
e
re
n
c
e
to

th
e

M
e
d
it
e
rr
a
n
e
a
n
d
ie
t
(M

D
)
o
f

fi
rs
t-
y
e
a
r
m
e
d
ic
a
l
s
tu
d
e
n
ts
.

P
re
-
a
n
d
p
o
s
t-
te
s
ti
n
g

w
it
h
o
u
t
c
o
n
tr
o
l
g
ro
u
p

3
1
0
fi
rs
t-
y
e
a
r
m
e
d
ic
a
l

s
tu
d
e
n
ts

•
P
ro
b
le
m
-b
a
s
e
d
le
a
rn
in
g

m
e
th
o
d

•
C
lin
ic
a
l
c
a
s
e

p
re
s
e
n
ta
ti
o
n
s

•
D
is
c
u
s
s
io
n
o
f
s
c
ie
n
ti
fi
c

e
v
id
e
n
c
e

2
m
o
n
th
s
(7
5

c
o
n
ta
c
t

h
o
u
rs
)

•
In
c
re
a
s
e
d
th
e
n
u
tr
it
io
n
a
l

k
n
o
w
le
d
g
e
o
f
s
tu
d
e
n
ts

•
Im

p
ro
v
e
d
d
ie
ta
ry

h
a
b
it
o
f

re
a
d
in
g
n
u
tr
it
io
n
la
b
e
l

a
n
d
a
v
o
id
in
g
m
e
a
ls

w
it
h

h
ig
h
le
v
e
lo
f
s
u
g
a
r
a
n
d
fa
t

•
In
c
re
a
s
e
d
th
e
c
o
n
fi
d
e
n
c
e

o
f
d
ie
ta
ry

c
o
u
n
s
e
lli
n
g
o
f

p
e
o
p
le

w
it
h
ty
p
e
2

d
ia
b
e
te
s
,
p
e
rs
o
n
s
w
it
h

in
c
re
a
s
e
d
L
D
L
a
n
d

c
lie
n
ts

u
n
d
e
r
tr
e
a
tm

e
n
t

fo
r
o
b
e
s
it
y
.

M
a
g
a
lla
n
e
s
et

al
.(2

9
)

U
S
A
(U

T

S
o
u
th
w
e
s
te
rn

S
c
h
o
o
l
o
f

M
e
d
ic
in
e
)

Im
p
a
c
t
o
f
c
u
lin
a
ry

m
e
d
ic
in
e

e
le
c
ti
v
e
o
n
s
tu
d
e
n
ts
’

u
n
d
e
rs
ta
n
d
in
g
o
f

in
te
rp
ro
fe
s
s
io
n
a
l

e
n
g
a
g
e
m
e
n
t
fo
r
th
e

m
a
n
a
g
e
m
e
n
t
o
f
lif
e
s
ty
le

d
is
e
a
s
e
s
,
k
n
o
w
le
d
g
e
o
f

h
e
a
lt
h
y
d
ie
t
a
n
d
c
o
n
fi
d
e
n
c
e

o
f
d
ie
ta
ry

c
o
u
n
s
e
lli
n
g
in

m
e
d
ic
a
l
s
tu
d
e
n
ts
.

P
re
-
a
n
d
p
o
s
t-
c
o
u
rs
e

s
u
rv
e
y
w
it
h
o
u
t
c
o
n
tr
o
l

g
ro
u
p

6
4
fi
rs
t-
y
e
a
r
m
e
d
ic
a
l

s
tu
d
e
n
ts

C
u
lin
a
ry

m
e
d
ic
in
e
(C

M
)

e
le
c
ti
v
e
c
o
u
rs
e

(I
n
te
rp
ro
fe
s
s
io
n
a
l

e
d
u
c
a
ti
o
n
,
te
a
c
h
in
g
,
C
M

d
e
m
o
n
s
tr
a
ti
o
n
s
,

n
u
tr
it
io
n
c
a
s
e

d
is
c
u
s
s
io
n
s
)

2
y
e
a
rs

(3
-h

m
o
n
th
ly

k
it
c
h
e
n

s
e
s
s
io
n
)

•
S
ig
n
if
ic
a
n
tl
y
in
c
re
a
s
e
d

th
e
c
o
n
fi
d
e
n
c
e
o
f

d
is
c
u
s
s
in
g
n
u
tr
it
io
n
w
it
h

c
lie
n
ts

im
m
e
d
ia
te
ly

p
o
s
t-
in
te
rv
e
n
ti
o
n

•
S
ig
n
if
ic
a
n
tl
y
in
c
re
a
s
e
d

s
tu
d
e
n
ts
’
k
n
o
w
le
d
g
e
o
f

M
e
d
it
e
rr
a
n
e
a
n
d
ie
t
a
n
d

th
e
ro
le

o
f
d
ie
ti
c
ia
n
s
in

th
e
c
lin
ic
a
lc
a
re

o
f
c
lie
n
ts
.

D
e
s
a
lv
o
et

al
.(
3
0
)

U
S
A

D
ia
b
e
ti
c
s
m
a
n
a
g
e
m
e
n
t

P
re
-
a
n
d
p
o
s
t-
c
u
rr
ic
u
lu
m

s
u
rv
e
y
w
it
h
o
u
t
c
o
n
tr
o
l

g
ro
u
p

8
9
re
s
id
e
n
ts

•
O
n
lin
e
in
te
ra
c
ti
v
e

P
o
w
e
rP
o
in
t
p
re
s
e
n
ta
ti
o
n

•
D
is
c
u
s
s
io
n
s

•
L
e
a
rn
e
r-
in
it
ia
te
d

q
u
e
s
ti
o
n
s
a
n
d
a
n
s
w
e
rs

•
C
a
s
e
p
re
s
e
n
ta
ti
o
n
s

8
w
e
e
k
s

S
ig
n
if
ic
a
n
tl
y
re
d
u
c
e
d
th
e

e
rr
o
r
o
f
n
u
tr
it
io
n
-r
e
la
te
d

d
ia
b
e
te
s
m
a
n
a
g
e
m
e
n
t

in
re
s
id
e
n
ts

L
e
w
is

et
al
.(
3
1
)

U
S
A

E
ff
e
c
t
o
f
n
u
tr
it
io
n
m
o
d
u
le
s

d
e
liv
e
re
d
o
n
lin
e
in

in
te
ra
c
ti
v
e

a
n
d
n
o
n
-i
n
te
ra
c
ti
v
e
fo
rm

a
ts
.

P
re
-
a
n
d
p
o
s
t-
te
s
t
d
e
s
ig
n

w
it
h
o
u
t
c
o
n
tr
o
l
g
ro
u
p

3
2
2
p
a
e
d
ia
tr
ic

tr
a
in
e
e
s

•
O
n
lin
e
n
u
tr
it
io
n
tr
a
in
in
g

in
v
o
lv
in
g
te
n
in
te
ra
c
ti
v
e

a
n
d
n
o
n
-i
n
te
ra
c
ti
v
e

m
o
d
e
ls

•
C
a
s
e
d
is
c
u
s
s
io
n
a
n
d

a
p
p
lie
d
le
a
rn
in
g
a
c
ti
v
it
ie
s

8
m
o
n
th
s

S
ig
n
if
ic
a
n
tl
y
in
c
re
a
s
e
d
th
e

n
u
tr
it
io
n
a
l
k
n
o
w
le
d
g
e
o
f

p
a
e
d
ia
tr
ic

tr
a
in
e
e
s

C
on

tin
ue

d

9

journals.cambridge.org/jns



Ta
b
le

1.
C
o
n
ti
n
u
e
d

A
u
th
o
r
(s
)
a
n
d
y
e
a
r

S
tu
d
y
lo
c
a
ti
o
n

In
te
rv
e
n
ti
o
n
o
b
je
c
ti
v
e
(s
)

S
tu
d
y
d
e
s
ig
n

S
a
m
p
le

s
iz
e
a
n
d

p
a
rt
ic
ip
a
n
ts

In
te
rv
e
n
ti
o
n
ty
p
e
/t
e
a
c
h
in
g

a
n
d
le
a
rn
in
g
m
e
th
o
d
s

D
u
ra
ti
o
n

O
u
tc
o
m
e
s

M
o
n
le
z
u
n
et

al
.(3

2
)

U
S
A

Im
p
a
c
t
o
f
h
a
n
d
s
-o
n
c
u
lin
a
ry

m
e
d
ic
in
e
a
n
d
th
e
tr
a
d
it
io
n
a
l

m
e
d
ic
a
l
c
u
rr
ic
u
lu
m

o
n

k
n
o
w
le
d
g
e
o
f
n
u
tr
it
io
n
a
n
d

lif
e
s
ty
le

a
n
d
a
tt
it
u
d
e
to
w
a
rd
s

n
u
tr
it
io
n
c
a
re
.

P
ro
s
p
e
c
ti
v
e
m
u
lt
is
it
e

c
o
h
o
rt
s
tu
d
y
d
e
s
ig
n
w
it
h

c
o
n
tr
o
l
a
n
d
tr
e
a
tm

e
n
t

e
x
p
o
s
u
re

g
ro
u
p

3
2
4
8
fi
rs
t-
to

fo
u
rt
h
-y
e
a
r
m
e
d
ic
a
l

tr
a
in
e
e
s
in
v
o
lv
in
g

tw
e
n
ty

m
e
d
ic
a
l

s
c
h
o
o
ls

•
P
o
s
t-
c
la
s
s

p
ro
b
le
m
-b
a
s
e
d
le
a
rn
in
g

•
L
e
c
tu
re
s

•
S
im

u
la
ti
o
n

•
H
a
n
d
s
-o
n
c
o
o
k
in
g

s
e
s
s
io
n
s

•
P
re
-c
la
s
s
v
id
e
o
le
c
tu
re

5
y
e
a
rs

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

th
e
n
u
tr
it
io
n
k
n
o
w
le
d
g
e

a
n
d
lif
e
s
ty
le

o
f
s
tu
d
e
n
ts

•
Im

p
ro
v
e
d
th
e
ir
d
ie
ta
ry

h
a
b
it
s
.

M
o
n
le
z
u
n
et

al
.(3

3
)

U
S
A
(N

e
w

Y
o
rk
)

E
ff
e
c
t
o
f
s
im

u
la
ti
o
n
-b
a
s
e
d

m
e
d
ic
a
l
e
d
u
c
a
ti
o
n
w
it
h

h
a
n
d
s
-o
n
c
o
o
k
in
g
n
u
tr
it
io
n

e
le
c
ti
v
e
v.

th
e
tr
a
d
it
io
n
a
l

m
e
d
ic
a
l
c
u
rr
ic
u
lu
m

L
o
n
g
it
u
d
in
a
l
c
o
m
p
a
ra
ti
v
e

e
ff
e
c
ti
v
e
n
e
s
s
s
tu
d
y

6
2
7
fi
rs
t-
to

fo
u
rt
h
-y
e
a
r

m
e
d
ic
a
l
s
tu
d
e
n
ts

•
E
le
c
ti
v
e
in

n
u
tr
it
io
n

e
d
u
c
a
ti
o
n

•
P
ro
b
le
m
-b
a
s
e
d
le
a
rn
in
g

•
Q
u
iz

•
V
id
e
o
le
c
tu
re
s

•
R
o
ta
ti
o
n
s

•
S
im

u
la
ti
o
n

•
S
e
m
in
a
rs
.

2
8
-h

s
tu
d
e
n
t

e
le
c
ti
v
e
in

n
u
tr
it
io
n

e
d
u
c
a
ti
o
n
.

T
w
ic
e

a
n
n
u
a
lly

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

th
e
d
ie
ta
ry

h
a
b
it
o
f

m
e
d
ic
a
l
s
tu
d
e
n
ts

im
m
e
d
ia
te
ly

p
o
s
t-
in
te
rv
e
n
ti
o
n
e
.g
.

v
e
g
e
ta
b
le

c
o
n
s
u
m
p
ti
o
n
.

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

th
e
a
tt
it
u
d
e
o
f
s
tu
d
e
n
ts

to
w
a
rd
s
n
u
tr
it
io
n
c
a
re

•
S
ig
n
if
ic
a
n
tl
y
im

p
ro
v
e
d

th
e
n
u
tr
it
io
n
k
n
o
w
le
d
g
e
o
f

p
a
rt
ic
ip
a
n
ts

to
w
a
rd
s

n
u
tr
it
io
n
c
a
re

F
ra
te
s
et

al
.(
3
4
)

U
S
A

Im
p
a
c
t
o
f
a
n
in
te
ra
c
ti
v
e
lif
e
s
ty
le

p
re
s
e
n
ta
ti
o
n
o
n
th
e
n
u
tr
it
io
n

c
a
re

k
n
o
w
le
d
g
e
a
n
d
a
tt
it
u
d
e

to
w
a
rd
s
th
e
m
a
n
a
g
e
m
e
n
t
o
f

c
h
ro
n
ic

d
is
e
a
s
e
s

P
re
-
a
n
d
p
o
s
t-
te
s
t
s
u
rv
e
y

w
it
h
o
u
t
c
o
n
tr
o
l
g
ro
u
p

F
ir
s
t-
a
n
d
s
e
c
o
n
d
-y
e
a
r

m
e
d
ic
a
l
s
tu
d
e
n
t

In
te
ra
c
ti
v
e
p
re
s
e
n
ta
ti
o
n
o
n

lif
e
s
ty
le

m
e
d
ic
in
e

1
h

•
Im

p
ro
v
e
d
th
e
c
o
n
fi
d
e
n
c
e

o
f
c
o
u
n
s
e
lli
n
g
c
lie
n
ts

o
n

h
e
a
lt
h
y
lif
e
s
ty
le

b
e
h
a
v
io
u
rs

•
Im

p
ro
v
e
d
a
tt
it
u
d
e
o
f

s
tu
d
e
n
ts

to
w
a
rd
s

p
ro
v
id
in
g
p
a
ti
e
n
ts

w
it
h

h
e
a
lt
h
y
lif
e
s
ty
le

e
d
u
c
a
ti
o
n

10

journals.cambridge.org/jns



issues with patients(26). Crowley et al. explained that students’
confidence dropped as a result of the intervention’s emphasis
on the physiological aspects of nutrition rather than behaviour
counselling(23).

Dietary and lifestyle habits of medical students and residents
participating in NEIs

Nine (39⋅1 %) of the included studies(12,18,22,23,26,28,32,33,35))
looked at the impact of nutrition education on the dietary
and lifestyle habits of medical students and residents. Except
for one(26), all of these studies (n 8, 89 %) improved partici-
pants’ dietary habits post-intervention(12,18,22,23,28,32,33,35).
Some of the improvements included increased fruit consump-
tion, increased consumption of homemade food over restaur-
ant and pre-prepared meals, avoidance of fatty foods,
increased frequency of wholegrain food intake and decreased
consumption of processed meat, avoiding the consumption
of high sugar and fat foods, decreased odds of daily soft
drink consumption and decreased odds of believing that
healthy eating is expensive and time-consuming. The remain-
ing study, Nawaz et al., reported an insignificant change in
the eating habits of their study participants with a statistically
significant improvement in their ability to manage their own
stress(26).

Preparedness of medical students and residents to provide
nutrition care

Three studies looked into how prepared participants were to
provide nutrition care(16,18,28). In the study by Woods et al.,

participants’ self-rated level of preparedness increased signifi-
cantly both immediately post-intervention (coefficient = 2⋅8
points; 95 % CI 1⋅6, 4⋅0 points; P= 0⋅001) and 2 months
later (M: 2⋅2, 95 % CI 1⋅0, 3⋅4, P = 0⋅002). Mota et al. inves-
tigated the proportion of medical students who believed they
could provide dietary counselling as a preventive measure
before and after taking a nutrition and metabolism course dur-
ing a semester. The authors discovered that the percentage of
students who agreed they felt capable of providing dietary
counselling increased significantly from 31⋅6 % at baseline to
73⋅3 % immediately post-intervention(28). Lang et al.(16) exam-
ined preventive medicine residents’ self-rated level of feeling as
a competent cook and discovered that 50 % perceived them-
selves as competent cooks, which increased significantly to
67 % immediately post-intervention.

Participants’ assessments of NEIs

Bert et al. and Rothmans et al. reported in their evaluation of
participants’ experiences with the interventions that partici-
pants identified the need for the intervention to be extended
to all medical students, the nutrition education programme
being their best experience over their 4 years of medical edu-
cation, and rating of the programme as their most preferred
course since coming to medical school(12,14).

Discussion

We conducted a scoping review of the literature and sum-
marised the effects of NEIs on the nutrition-related knowl-
edge, attitude, self-efficacy, dietary and lifestyle habits, and
preparedness to provide nutrition care among medical stu-
dents and residents. We examined twenty-three studies that
reported various interventions to improve the nutrition educa-
tion experiences of medical students and residents, with sig-
nificant improvements in the outcome variables reported.
NEIs, in particular, were effective in improving participants’
nutrition-related knowledge, attitudes and self-efficacy follow-
ing intervention. Furthermore, as reported in a number of the
included studies, the personal dietary and lifestyle habits of
medical students and residents improved post-intervention.
Finally, the NEIs improved medical students’ and residents’
readiness to provide effective nutrition care in the future.
These findings show that by implementing appropriate
NEIs, it is possible to address the problem of inadequate
nutrition education in the medical curriculum.
The twenty-three included studies in this review demon-

strate the growing recognition of the need to improve medical
students’ nutrition education experiences. Furthermore, critical
stakeholders such as medical educators and researchers are
showing an interest in finding solutions to the long-standing
issue of inadequate nutrition education in the medical curric-
ulum. It is also worth noting that almost all the interventions
were designed to improve important competency outcomes
such as nutrition-related knowledge, self-efficacy and attitudes,
and personal dietary habits, all of which are required compe-
tencies for medical students and residents to provide effective
nutrition care.

Table 2. Study designs, format of intervention and data collection

methods

Variable

Frequency

(%)

Study design

Experimental 1(4⋅3)
Pre-test and post-test quasi-experimental design with

control

7(30⋅4)

Pre-test and post-test quasi-experimental design with

no control

13(56⋅5)

Longitudinal observational study 2(8⋅7)
Methodological approach

Mixed method 5(21⋅7)
Quantitative 18(78⋅3)

Format of Intervention

Pilot study 4(17⋅4)
Online training 3(13⋅0)
Seminar 1(4⋅3)
Curriculum 8(34⋅8)
Workshop 3(13⋅0)
Culinary elective course 1(4⋅3)
Artificial intelligence machine learning 1(4⋅3)
Elective course 1(4⋅3)
Interactive presentation on lifestyle medicine 1(4⋅3)

Data collection methods

Questionnaire/survey only 18(78⋅3)
Questionnaire/survey with other methods (interview) 5(21⋅7)

Students

Undergraduate, preclinical 10(43⋅5)
Undergraduate, clinical 3(13⋅0)
Residents 5(21⋅7)
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Nutrition-related knowledge is an important component of
providing effective nutrition care, but it is not the only factor
or attribute required. It is thus commonplace to find that
twenty-one of the included studies designed studies aimed at
improving participants’ nutrition-related knowledge, with
more than 70 % (n 18) of those studies reporting significant
improvements. This finding is consistent with the findings
of the realist review reported by Mogre et al.(6), in which the
majority of the included studies reported improvements in par-
ticipants’ nutrition-related knowledge. Similarly, Sunguya
et al.(7) discovered in their systematic review that eighteen of
the twenty-five included studies reported significant post-
nutrition training improvements in health workers’ nutrition
knowledge. Despite these gains in knowledge, it is important
to note that increased nutrition knowledge alone is insufficient
to promote effective nutrition care delivery. This is supported
by the findings of Mogre et al.(6) who found that interventions
aimed solely at increasing knowledge were less likely to change
nutrition practice behaviour.
Another significant finding of this scoping review was that

the included studies demonstrated that medical students and
residents had a positive attitude towards nutrition education
and saw nutrition care as an important responsibility prior to
intervention. The majority of the reviewed studies did not
report significant changes in participants’ attitudes towards
nutrition care because the authors of the included studies
reported that the participants already had positive and favour-
able attitudes towards nutrition care at the baseline measure-
ments. It is commendable that the NEIs maintained the
participants’ positive attitudes, as this is an important deter-
minant of doctors’ ability to provide effective nutrition
care(3,6).
Self-efficacy is an important predictor of nutrition care, so it

is not surprising that some of the interventions were designed
to improve participants’ nutrition self-efficacy. Previous
reviews also discovered a substantial number of included stud-
ies that designed interventions to improve this phenomenon or
conducting cross-sectional surveys to investigate this phenom-
enon(3,6). Eleven of the thirteen studies that looked into this
phenomenon found that participants’ nutrition self-efficacy
improved significantly after the intervention. This is generally
laudable, given that increased self-efficacy is likely to result
in increased nutrition care provision. Mogre et al.(6) reported
in their realist review of identifying the mechanisms that dem-
onstrate why some NEIs succeed in improving nutrition care
practice that interventions were more likely to result in improv-
ing nutrition care practice if they reportedly improved the par-
ticipants’ nutrition self-efficacy.
In a realist review, Mogre et al.(6) discovered that doctors will

feel more at ease and more likely to provide nutrition care if
they themselves practice healthy dietary and lifestyle habits.
Several studies included in this review also investigated this
concept. Following this concept, nine of the included studies
designed interventions to improve the participants’ personal
dietary and lifestyle habits, with the majority of them reporting
post-intervention improvements in this phenomenon. These
findings highlight the importance of improving nutrition edu-
cation, as it will not only improve the competencies of medical

students and residents, but will also help them change their
dietary habits, lowering their risk of developing non-
communicable diseases.
We also discovered that studies with post-intervention

follow-up assessments/measurements found a decrease in
knowledge and self-efficacy. This finding is concerning
because the majority of the interventions included in this scop-
ing review were single required courses delivered as a one-time
event primarily during the preclinical level (some as early as the
first and second years of medical school) with no opportunity
for reinforcement(22). Even though these interventions
reported significant changes of the outcomes, the sustainability
of these acquired competencies till practice will be difficult in
the absence of opportunities for reinforcement. Furthermore,
as demonstrated in a previous review, the majority of these
interventions focused on increasing participants’ knowledge,
which does not always translate into practice(6). Nutrition self-
efficacy and nutrition care expectations, as noted by Schlair
et al.(22) may be difficult to address in the early preclinical
years due to a lack of clinical exposure. Integration of nutrition
content throughout the entire medical programme, with
opportunities for clinical exposure and reinforcement, may
be more effective and should be recommended.
Except for one, all the included studies used multiple teach-

ing and learning strategies to achieve the interventions’
intended outcomes. This is consistent with the findings of
the systematic reviews published by Mogre et al.(6) and
Sunguya(7). The use of multiple teaching and learning strategies
is most likely informed by the fact that the studies had multiple
outcomes that necessitated the use of various approaches.
There is also evidence that interventions that used multiple
approaches to meet participants’ educational needs were
more likely to report significant changes(6). In the findings of
a previous review(6), the use of multiple, non-traditional teach-
ing and learning strategies was found to improve nutrition care
competencies as well as nutrition practice behaviour(4).
Simulated patient cases, group work, role-plays, hands-on
demonstrations, group practice, panel discussions, case-based
learning, problem-based learning tutorials, computer or web-
based cases, student-led debates, self-assessment exercises,
interactive lectures and clinical case presentations were some
of the non-traditional approaches used in the included studies
in this scoping review.
Culinary medicine is a new and innovative approach to

nutrition education that has gained popularity in recent
years. Six of the included studies used this teaching model,
which resulted in significant improvements in students’ confi-
dence in nutrition counselling, home meal preparation,
nutrition-related knowledge, personal cooking skills and diet-
ary behaviour(12,16,18). Its success may be due to its ability to
provide hands-on, experiential learning opportunities that
encourage active participation and strong interprofessional col-
laboration(36,37). Thus, culinary medicine adds to the toolbox
of approaches that could be used to improve the nutrition edu-
cation experience of medical students and residents.
The strength of this review lies in the use of a comprehen-

sive and extensive search strategy to identify relevant nutrition
education interventional studies to provide an evidence
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account of the impact of the interventions. Despite its
strengths, there are some significant limitations to consider.
The majority of the included studies provided a limited
description of the processes of intervention implementation
relating to the ‘what’, ‘why’ and ‘how’ outcomes of the inter-
ventions were achieved, making it difficult for successful inter-
ventions to be repeated and adopted in other contexts and
settings. Furthermore, because we only included articles in
English, articles in other languages that may contain very
rich information relevant to the purpose of this study may
be overlooked. Only a few of the studies included studies
had follow-up surveys, which provided limited information
about the long-term impact of nutrition education on partici-
pants’ competencies, dietary and lifestyle habits.

Conclusion

We found a diverse range of NEIs that used a variety of teach-
ing and learning approaches, as well as a relatively large num-
ber of studies that could support a systematic review and
meta-analysis, while taking into account the various designs
and instruments, and advocating for nutrition education
researchers to develop uniform instruments for assessing
intervention outcomes. Despite this, the interventions showed
promise in improving nutrition-related knowledge, self-
efficacy, attitudes and preparedness to provide nutrition care
among medical students and residents. The interventions
also demonstrated their potential for improving the personal
dietary and lifestyle habits of medical students and residents,
which is required to potentially provide them with confidence
to support individuals in adopting healthy dietary practices.
Future NEIs should aim to follow-up with doctors beyond
medical school, in order to assess how they use the acquired
nutrition care competencies and skills in patient care to
improve clinical outcomes.
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