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Abstract
Objective: The objective of this scoping review was to examine the research
question: In the adults with or without cardiometabolic risk, what is the availability
of literature examining interventions to improve or maintain nutrition and physical
activity-related outcomes? Sub-topics included: (1) behaviour counseling or coach-
ing from a dietitian/nutritionist or exercise practitioner, (2) mobile applications to
improve nutrition and physical activity and (3) nutritional ergogenic aids.
Design: The current study is a scoping review. A literature search of the Medline
Complete, CINAHL Complete, Cochrane Database of Systematic Reviews and
other databases was conducted to identify articles published in the English
language from January 2005 until May 2020. Data were synthesised using bubble
charts and heat maps.
Setting: Out-patient, community and workplace.
Participants:Adults with or without cardiometabolic risk factors living in economi-
cally developed countries.
Results: Searches resulted in 19 474 unique articles and 170 articles were included
in this scoping review, including one guideline, thirty systematic reviews (SR),
134 randomised controlled trials and five non-randomised trials. Mobile applica-
tions (n 37) as well as ergogenic aids (n 87) have been addressed in several
recent studies, including SR. While primary research has examined the effect of
individual-level nutrition and physical activity counseling or coaching from a
dietitian/nutritionist and/or exercise practitioner (n 48), interventions provided
by these practitioners have not been recently synthesised in SR.
Conclusion: SR of behaviour counseling or coaching provided by a
dietitian/nutritionist and/or exercise practitioner are needed and can inform
practice for practitioners working with individuals who are healthy or have
cardiometabolic risk.
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For individuals living in economically developed environ-
ments, rates of non-communicable diseases associated with
overnutrition, such as type 2 diabetes mellitus and many
forms of heart disease, are serious concerns(1). In addition
to the decreasing quality of life(2) and potential lifespan(3),
these diseases collectively contribute to extreme economic
burdens to the individual and society as a whole(3).

Nutrition and physical activity are each independent risk
factors for the development of cardiometabolic diseases
and associated mortality(4). Despite knowledge of the bene-
fits of improved dietary intake and physical activity, three
quarters of Americans follow an eating pattern low in fruits
and vegetables(5) and only half of adults meet the minimum
aerobic physical activity recommendations(6).

Public Health Nutrition: 24(14), 4718–4736 doi:10.1017/S1368980021002184

*Corresponding author: Email mrozga@eatright.org
© The Author(s), 2021. Published by Cambridge University Press on behalf of The Nutrition Society

https://orcid.org/0000-0003-1927-7897
https://doi.org/10.1017/S1368980021002184


Population-level improvement of nutrition and physical
activity behaviours may decrease development and pro-
gression of cardiometabolic disease. This may, in turn,
result in improved quality of life and a decreased burden
of personal and national health care costs. To improve
health behaviours on a population level, evidence-based
guidance is needed to inform nutrition and physical activity
practitioners working with clients in the community, work-
place or out-patient settings.

The aim of a scoping review is to map the availability of
research, both systematic reviews (SR) and guidelines as
well as controlled trials, in areas of interest to determine
where resources are available to guide practice, and where
evidence is still needed(7). Additionally, a scoping review
can identify which current topics still require SR and evi-
dence-based practice guidelines to inform practitioners
working with individuals who are healthy or who have car-
diometabolic risk factors. This scoping review was con-
ducted to determine if current evidence was available on
relevant nutrition and physical activity interventions for
the general population. Specific areas of interest that
require clarification or are important to policy or practice
were identified by practitioners currently working with cli-
ents in the field and are addressed in the individual research
questions.

The objective of this scoping review is to address the
overarching research question: In adults in the ‘general
population’, including non-athletes or recreational athletes
with or without cardiometabolic risk factors, what is the
extent, range and nature of literature examining interven-
tions to improve or maintain nutrition and physical activity
and related outcomes? Specific research questions exam-
ined availability of research describing:

Question 1 (Q1). Individual-level nutrition and physical
activity counseling or coaching provided by a dietitian/
nutritionist and/or exercise practitioner;

Question 2 (Q2). Mobile applications (apps) and/or
wearable technology;

Question 3 (Q3). Nutritional ergogenic aids of interest.

Methods

This scoping review was conducted with the framework
introduced by Arksey and O’Malley(8) and developed by
Levac et al.(9) and the Joanna Briggs Institute(7). This scop-
ing review was registered on Open Science Framework
(osf.io/pc6sy)(10) and adheres to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist for scoping reviews(11).

Eligibility criteria
A full description of eligibility criteria can be found
in Table 1. The target population for this scoping
review was adults in the ‘general’ population living in

economically developed countries, such as the USA(12).
The authors recognised that currently, a ‘general’ popula-
tion does not imply a ‘healthy’ population, since cardiome-
tabolic risk factors may exist in a majority of adults. Thus,
this scoping review included individuals with no risk, risk
for and diagnosed with cardiometabolic disease.

Three areas of nutrition and physical activity interven-
tions were explored in this scoping review: (1) counseling
or coaching, (2) mobile applications and (3) nutritional
ergogenic aids. Q1 examined the efficacy of nutrition
and physical activity counseling or coaching provided
by a dietitian/nutritionist and/or exercise practitioner
(see Table 1 for specific criteria). For Q1 inclusion, study
participants must have received at least some individual-
level counseling in nutrition and/or physical activity. Q2
explored the efficacy of mobile apps and other wearable
technology in nutrition and physical activity interventions.
For these two questions, studies were required to be con-
trolled trials, either randomised controlled trial (RCT) or
non-RCT. Q3 examined efficacy nutritional ergogenic aids
deemed as commonly used in the ‘general’ population
(Table 1). For Q3 only (nutritional ergogenic aids), studies
were required to be placebo-controlled RCT. Additionally,
for Q3, studies were limited to those reporting anthropo-
metric, body composition and performance outcomes.
For all questions, primary studies were included if they
were published in 2005 or later to balance a wide breadth
of evidence with relevancy of interventions to the current
population. SR answering at least one of the research
questions were included if published in 2015 or later, since
SR published earlier than 2015 may require updated
information. Included studies were limited to those pub-
lished in the English language due to resource constraints.

Search plan
Search strategies were written by an Information
Specialist for the following databases via the Ebsco inter-
face: Medline Complete, CINAHL Complete, Cochrane
Database of Systematic Reviews, Cochrane Central Register
of Controlled Trials and Food Science Source. Searches
were run on 4 and 5 May 2020. Two methodological filters
were used, one for SR and meta-analyses, and another
observational and other study designs. Results were limited
to English language and publication year 2005 forward.
Results were managed and deduplicated in Endnote
Software. A sample search strategy can be found in online
supplementary material, Supplemental 1.

Study selection and data extraction
Article screening was conducted in two phases. In the first
phase, each title/abstract was reviewed by at least one
reviewer (M.R.) and 22·4 % of title/abstracts were reviewed
by a second reviewer (A.Y.) using Rayyan screening
software(13). Any discrepancies between authors were
discussed until consensus was reached. Communication
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Table 1 Eligibility criteria for studies including in scoping review examining effect of nutrition and physical activity interventions in the general population

Inclusion criteria Exclusion criteria

Peer-review status Peer-reviewed and published in a juried publication in a peer-reviewed section
within the publication

Non-peer-reviewed articles, such as government reports, grey literature

Population • Humans
• Adults (≥18 years old)
• Non- or recreational athletes (<10 h training/week)

• Animal studies
• <18 years old
• Elite athletes (>10 h training/week)
• Highly trained
• Well-trained
• Wrestling, soccer or other team sports

Setting Out-patient, community In-patient

Health status • No diagnosed cardiometabolic diseases or mental health disorder
• At risk for or diagnosed with non-acute cardiometabolic disease
• Non-severe anxiety or depression
• Non-alcoholic fatty liver disease
• Osteoarthritis
• Sarcopenia

Persons with medical conditions that limit their generalisability to the general
population, such as
• Acute, terminal or critical illnesses
• Dialysed or post-organ transplant
• Post-surgical patients
• Chronic diseases such as COPD or HIV/AIDS
• Spinal cord injury
• Cancer or studies targeting cancer survivors
• Heart failure, stroke
• Pregnancy, lactation, postpartum
• Morbidly obese (BMI >/= 40) or who have PCOS; bariatric surgery
• Active military
• IBD
• Severe and persistent mental illness
• Institutionalised (nursing home, hospitalised, prison)

Interventions/exposures • Q1: Nutrition AND exercise counseling or coaching
• Q1: Must include some individual-level counseling or coaching
• Q1: Counseling or coaching must be provided by at least one of the
following: Dietitian, Diet Tech, Nutritionist (if in country where this is
dietitian-equivalent), Health Coach, Personal Trainer, Exercise Practitioner
Otherwise Specified

• Q1: Nutrition counseling topics could include
○ Increased consumption of fruits, vegetables, whole grains, fat-free or
low-fat dairy, and lean proteins

○ Limited consumption of Na, saturated fat, trans-fat, and sugar-sweetened
food and beverages

○ Balanced diet plans such as Mediterranean, DASH, MyPlate
• Q1: Physical activity coaching could include

○ Aerobic activities that involve repeated use of large muscles, such as
walking, cycling and swimming

○ Resistance training designed to improve physical strength
○ Reduction of sedentary behaviours
○ Optional or access to guided physical activity or exercise classes allowed

• Q2: Wearable technology and/or mobile application (app) to assess and
intervene in nutrition AND physical activity

• Q3: Nutritional ergogenic aids including carbohydrate replacement, caffeine,
branch-chained amino acids, creatine, collagen, multivitamins, n-3 fatty acids
and exogenous ketones

• Q1: Counseling or coaching for nutrition OR physical activity only
• Q1: Group level counseling or coaching only
• Q1: Counseling or coaching provided by: Physician, Nurse, Psychologist,
Community Health Worker, Paraprofessional/Peer, any other provider not
specified for included

• Q1: Nutrition counseling topics could not include special/controlled diets
(e.g., low-carbohydrate diet)

• Q1: PA interventions excluded
○ Physical activity counseling solely focused on balance, flexibility or gait
○ Stress management interventions (e.g., meditation or yoga or tai
chi-based interventions that have minimal aerobic or strength-building
activities)

○ Counseling interventions aimed at fall prevention, cognitive functioning
• Q1 and Q2: Interventions or exposures that do not consider the combination
of nutrition AND physical activity

• Q3: Dietary supplements other than those indicated. BCAA metabolites
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Table 1 Continued

Inclusion criteria Exclusion criteria

Comparators Must have a comparison group that is a true control not receiving the
intervention. Includes usual care, minimal intervention, attention control no
intervention

Q3: Placebo controlled

No comparison group. Comparison group is an alternative intervention, with
no true control

Q1: Comparison group includes counseling or coaching for nutrition only or
physical activity only. Comparison group receives only group counseling for
nutrition and physical activity

Q3: Not placebo controlled

Study design preferences Systematic reviews and evidence-based practice guidelines
Controlled clinical trials (RCT, non-RCT)

Q3: RCT only

Narrative reviews, commentary/letters to the editor, case studies
Observational studies, including cross-sectional studies, cohort studies

Q3: Non-RCT

Minimum study duration No limits No limits

Size of study groups ≥10 participants/group <10 participants/group

Study drop-out rate No limits No limits

Outcomes Q1–Q2: Diet and physical activity (behaviour), intermediate and health outcomes
Q3: Physical activity, anthropometric and body composition
Intermediate outcomes: Dietary intake, physical activity, body composition
(FM, FFM, BMD), anthropometrics, glucose homoeostasis measures/
pre-diabetes, BP, lipid profile, intermediate CVD measures (e.g., intima
media thickening), CRP

Intermediate outcomes must be measured before and after the trial
Health outcomes: mortality, quality of life, CVD/events, type 2 diabetes,
metabolic
syndrome, malnutrition (overweight/obesity/underweight), anxiety disorders,
depression, osteoarthritis, osteoporosis/osteopenia, joint pain

Outcomes other than those specified. Studies examining kinetics only
Q3: Outcomes other than physical activity, body composition or anthropometrics

Year range Primary studies: 2005–4 May 2020
Systematic reviews/meta-analyses: 2015 – May 4, 2020

Primary studies: Prior to 2005
Systematic reviews: Prior to 2015

Language Published in English language Not published in English language

Location Countries with developed economies Countries that are not economically developed(12)

BCAA, branched chain amino acid; BMD, bone mineral density; BP, blood pressure; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FFM, fat-free mass; FM, fat mass; IBD, irritable bowel disease; PCOS, polycystic
ovarian syndrome; Q1, Question 1; Q2, Question 2; Q3, Question 3; RCT, randomised controlled trial.
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between reviewers throughout the screening process solidi-
fied eligibility criteria. Included title/abstracts moved to the
second phase of the full-text review. Prior to the full-text
review, authors collaborated to create a template allowing
for standardised data extraction and coding, including but
not limited to: study design, sample size, population age
group, activity level, health status, research question
addressed including details specific to the research question
(e.g., practitioner delivering the intervention for Q1) and
outcomes reported. One of two reviewers (M.R. or A.Y.)
reviewed the full text, determined eligibility and extracted
data for included articles. The second reviewer confirmed
reason for exclusion or checked accuracy of extracted data.
Relevant SR were searched for eligible articles that may have
been missed by the databases search.

Synthesis of results
The study selection process was documented using a
PRISMA flow chart(14). Data were analysed according to

the specific research question addressed and types of
studies included. A bubble chart was created to demonstrate
publication trends according to the sub-question addressed.
For each of the three questions, a heat map was created to
demonstrate density of interventions according to the
population, type of intervention and/or outcomes reported.
As is customary for scoping reviews, critical appraisal of study
quality and meta-analyses were not conducted.

Results

The databases and hand searches identified 19 474 unique
articles. Following title/abstract screening, 657 full texts
were reviewed, and 170 articles answering at least one
of the research questions were included in this scoping
review (Fig. 1). Eighty-three of the eighty-nine articles
not meeting population criteria were specifically excluded
for including participants with BMI≥ 40 kg/m2. Of the
articles included, one was an evidence-based practice
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n Additional records identified 
through other sources

(n 43)

Records after duplicates removed
19 474

Records screened
19 474

Records excluded
18 816

Full-text articles assessed
for eligibility

(n 658) 

Full-text articles excluded, with 
reasons

(Total n 488)

Wrong study population: n 98

Wrong study type (e.g., conference 
abstract): n 92

No nutrition/exercise practitioner 
(Q1): n 86 

Does not answer research questions: 
n 51

Trained athlete or athletic status 
unclear: n 36

No mobile/wearable in internet 
intervention (Q2): n 25

No individual-level 
counseling/coaching (Q1): n 14

No true control: n 11

Other: n 75

Studies included in 
qualitative synthesis

(n 170)

Fig. 1 PRISMA flow chart(14) describing the study inclusion process for a scoping review examining the availability of studies with
interventions including both nutrition and physical activity in the general population
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guideline(15), thirty were SR(16–45), 134 were RCT(46–179) and
five were non-RCT(180–184). Forty-eight of the articles were
included for Q1 (counseling and coaching), thirty-seven
articles were included for Q2 (mobile apps and
wearables) and eighty-seven articles were included for
Q3 (nutritional ergogenic aids of interest). While the rate
of publication was relatively constant over the study period
for articles examining nutrition and physical activity coun-
seling and coaching (Q1), the number of primary research
articles (not including SR) examining the effects of nutrition
and physical activity mobile apps and/or wearables as well
as nutritional ergogenic aids of interest grew considerably
from approximately 2015–2020 (Fig. 2).

Question 1: Individual-level nutrition and
physical activity counseling or coaching provided
by a dietitian/nutritionist or exercise practitioner
Forty-eight articles(15,32,46,47,49,51,52,56,69,74,76,78,83,89–91,101–104,108,
109,111,120,121,128,130,133,138,139,142,147–151,154,157,160–162,169,171,172,177,180,

182,184) representing thirty-eight studies met inclusion criteria
and examined the effect of nutrition and physical activity
counseling or coaching from a dietitian/nutritionist or exer-
cise practitioner, including one evidence-based practice
guideline, one SR, thirty-three RCT and three NRCT. The
populations, intervention providers and reported outcomes
are shown in Table 2. Of the thirty-three primary studies,
twenty-eight targeted participants with cardiometabolic risk
factors, primarily individuals with overweight or obesity.
Five studies met eligibility criteria that targeted participants
with cardiometabolic disease (type 2 diabetes mellitus and
CVD)(46,83,104,147,161), and another five studies included
participants with another morbidity, sarcopenia(69,121,149,172)

and non-severe anxiety and depression(90) in four and one
study, respectively. Two trials (entitled the TXT2Bfit
and 40 something trials) included participants who

were both at cardiometabolic risk and who did not have
cardiometabolic risk factors but were at risk of weight
gain(49,138,139) or were perimenopausal women(108,177).
Sample sizes ranged from 28 to 11 827 participants
and study durations ranged from 4 weeks to 8 years.
Nutrition and physical activity counseling or coaching
was provided by a dietitian/nutritionist only in fifteen
studies(15,32,46,47,52,83,89,101,128,139,147,151,160,162,182), an exercise
practitioner only in two studies(56,184) and both a dietitian/
nutritionist and exercise practitioner in twenty-one
studies(51,69,78,90,91,102,103,108,111,120,121,130,142,149,161,169,171,172,180).
The greatest density of studies examined participants
with cardiometabolic risk factors and interventions
delivered by a dietitian/nutritionist and exercise practi-
tioner or a dietitian/nutritionist only, and reporting
anthropometric, glucose homoeostasis, blood pressure,
lipid profile, dietary intake and physical activity
outcomes. The one included SR reported the outcome
of weight change(32). Exercise practitioners providing
interventions were heterogeneous and included physio-
therapists (n 4), exercise physiologists (n 7), physical
trainer (n 1), physical activity ‘specialist’ or ‘coach’
(n 3), exercise or physical activity instructors (n 3) and
health coaches (n 2) among others.

Question 2: Nutrition and physical activity mobile
apps and/or wearable technology
A total of thirty-six articles(18,19,21,22,30,34,35,37,40,42–44,48,59,80,87,
94,95,97,100,106,109,113,119,123,126,129,140,141,143–145,147,176,181,183) rep-
resenting thirty studies were included for Q2, which exam-
ined the effects of nutrition and physical activity mobile
apps and/or wearables. Studies included were SR (n 12),
RCT (n 16) and non-RCT (n 2). The populations,
study designs and reported outcomes are shown in
Table 3. Ten studies included participants who were

2 1 3 5 6 3 1 3 3 5 7 6 10 5 12 1

1 1 1 1 3 2 5 4 5 1

1 2 1 4 3 2 3 3 4 2 3 4 3 4 5 2

2006 2008 2010 2012 2014 2016 2018 2020

1. Counseling and 
Coaching

2. Mobile App 
or Wearable

3. Ergogenic 
Supplements

Fig. 2 Bubble chart of publication trends in primary research articles published from 2005 to 2020 according to the research question
addressed
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Table 2 Primary studies examining the effect of nutrition and physical activity counseling/coaching according to the provider of intervention and outcomes reported (n 36 studies)

Outcomes
reported

Nutrition and exercise practitioner (n 21) Nutrition practitioner only (n 14) Exercise practitioner only (n 2)

Cardiometabolic
disease risk (n 15)*

Cardiometabolic
disease (n 2)†

Other
morbidity
(n 4)

Cardiometabolic
disease risk (n 11)*

Cardiometabolic
disease (n 3)

Other
morbidity
(n 0)

Cardiometabolic
Disease Risk

(n 2)*
Cardiometabolic
disease (n 0)

Other
morbidity
(n 0)

Mortality 0 0 0 0 0 0 0 0 0

Quality of life 1(111) 0 0 0 0 0 0 0 0

CVD 0 0 0 1(52) 0 0 0 0 0

Type 2 diabetes
mellitus

1(78) 0 0 2(148,162) 0 0 0 0 0

Metabolic
syndrome

0 0 0 1(151) 0 0 0 0 0

Nutritional status 1(103) 0 0 0 0 0 1(184) 0 0

Anxiety/
depression

1(111) 0 0 0 0 0 0 0 0

Bone health‡ 0 0 2(69,90) 0 0 0 0 0 0

Anthropometrics 13(51,78,91,102,103,109,111,
120,130,169,171,177,180)

1(104) 3(90,121,172) 9(47,49,89,101,139,
151,160,162,182)

3(4,147,683) 0 2(56,184) 0 0

Body
composition

5(51,91,169,177,180) 0 3(69,121,172) 3(148,158) 0 0 0 0 0

Glucose
homoeostasis

7(51,78,109,120,130,177,180) 0 1(69) 4(47,89,151,162) 1(46) 0 1(184) 0 0

Blood pressure 9(51,78,102,103,109,120,130,177,180) 0 0 5(15,47,89,101,151) 1(46) 0 2(56,184) 0 0

Lipid profile 9(51,78,102,103,109,120,130,177,180) 0 0 6(47,89,101,151,160,182) 2(46,83) 0 1(184) 0 0

Inflammatory
marker

0 0 1(69) 2(89,150) 0 0 0 0 0

Dietary intake 11(51,78,102,103,108,109,130,142,169,171,180) 0 3(90,121,172) 6(89,101,128,139,151,160) 1(46) 0 1(184) 0 0

Physical activity 12(51,78,102,103,108,109,111,120,142,169,171,180) 0 2(69,172) 7(49,89,101,128,139,151,160) 1(46) 0 1(184) 0 0

Red colour = >5 studies, light orange colour= 1–5 studies, light yellow colour = no available studies.
*Includes cardiovascular risk, type 2 diabetes mellitus risk, overweight and obesity and metabolic syndrome.
†Simpson et al.(191) reported frailty index, which is not reported in the table.
‡Includes osteopenia, osteoporosis, osteoarthritic and bone mineral density/content.
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Table 3 Heat map of controlled trials examining the effect of mobile apps and/or wearable devices for nutrition and physical activity according to the target populations and reported outcomes
(n 30 studies)

Outcome reported

Healthy (n 10) Cardiometabolic risk (n 20)* Cardiometabolic disease (n 6)

Controlled trials (n 7) Systematic reviews (n 3) Controlled trials (n 14) Systematic reviews (n 7) Controlled trials (n 2) Systematic reviews (n 4)

Mortality 0 0 0 0 0 1(43)

Quality of life 0 0 0 0 1(176) 2(30,43)

CVD/events 0 0 0 0 0 0

Type 2 diabetes mellitus 0 0 0 0 0 0

Metabolic syndrome 0 0 0 0 0 0

Nutritional status 0 0 0 0 0 0

Anxiety/depression 1(181) 0 1(113) 0 1(176) 0

Bone health 0 0 0 0 0 0

Anthropometrics 4(80,87,95,123) 2(37,40) 12(48,59,95,100,106,109,
113,126,129,140,141,183)

6(18,19,21,22,35,40) 2(147,176) 2(43,44)

Body composition 2(95,123) 0 4(48,59,113,126) 2(19,35) 0 0

Glucose homoeostasis 1(97) 1(37) 4(48,97,109,126) 1(35) 1(176) 3(42–44)

Blood pressure 1(97) 1(37) 5(48,97,109,126,129) 2(19,35) 0 1(43)

Lipid profile 1(97) 1(37) 4(48,97,100,109) 1(35) 0 1(42)

Inflammatory markers 1(97) 0 1(97) 0 0 0

Dietary intake 4(87,94,123,181) 2(34,37) 8(48,94,106,109,113,140,141,183) 4(19,21,34,35) 0 1(30)

Physical activity 4(87,94,123,181) 3(34,37,40) 9(59,94,100,106,109,113,
126,140,141)

7(18,19,21,22,34,35,40) 0 2(30,43)

Cost effectiveness 0 0 0 0 0 0

Red colour = >5 studies, light red colour= 1–5 studies, blue colour = no available studies.
*Includes CVD risk, type 2 diabetes mellitus risk, overweight and obesity and metabolic syndrome.
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healthy(22,34,37,40,80,87,94,97,123,181) and twenty-one studies
included participants with cardiometabolic risk factors(18,19,
21,22,34,35,40,48,59,94,95,97,100,106,109,113,126,129,140,141,183). Only six
studies meeting eligibility criteria included participants with
cardiometabolic diseases (type 2 diabetes mellitus and
CVD)(30,42–44,147,176). Five studies included both participants
who were both healthy and those who had cardiometa-
bolic risk factors(22,34,40,94,97). Sample sizes ranged from
34 to 1007 participants and study durations ranged from
8 to 32 weeks. There were no patient-centred health
outcomes reported for studies with participants who were
healthy or at cardiometabolic risk. The greatest density of
primary studies and SR examined individuals with cardiome-
tabolic risk factors and reported anthropometric, dietary
intake and physical activity outcomes. Six SR addressed
the efficacy of mobile apps and wearables for nutrition
and physical activity and were published from 2019 until
the search date of 4 May 2020(18,21,34,35,40,44).

Question 3: Nutritional ergogenic aids
A total of eighty-seven articles, including seventeen
SR(16,17,20,23–29,31,33,36,38,39,41,45) and seventy placebo-
controlled RCT(50,53–55,57,58,60–68,70–73,75,77,79,81,82,84–86,88,92,93,96,
98,99,105,107,110,112,114–118,122,124,125,127,131,132,134–137,146,152,153,155–157,

159,163–168,170,173,175,178,179), examined the effect of nutritional
ergogenic aids on physical activity, anthropometric and body
composition outcomes. Sample sizes ranged from 10 to
118 participants and study durations ranged from 1 d to
1 year. Nearly all included articles focused on one dietary
supplement of interest (branched chain amino acids,
caffeine, carbohydrate replacement, collagen, creatine, exog-
enous ketones, multivitamins and n-3 fatty acids), with the
exception of one RCT that assessed both creatine and carbo-
hydrate supplementation(118) and one SR that assessed both
creatine and the branched chain amino acid leucine(17).
The most frequently examined ergogenic aid was creatine
(n 6 SR(17,20,23,28,29,39) and 22 RCT(55,57,60–67,72,75,79,86,88,98,
105,117,118,164,165,179)), followed by caffeine (n 5 SR(25–27,36,38)

and 20 RCT(54,58,68,70,81,84,96,122,124,131,134,136,152,153,155,157,166–168,175)).
There were no SR available for carbohydrate replacement
(n 4 RCT(50,53,85,118)) or collagen (n 2 RCT(116,178)) in non- or
recreational athletes. There were four SR(17,24,33,45) and six
RCT(92,93,132,146,159,173) that focused on branched chain amino
acids (primarily leucine); one SR(41) and two RCT(114,137) exam-
ined the effect of exogenous ketones; and two SR(16,31) and
fifteen RCT(71,73,77,82,99,107,110,112,115,125,127,135,156,163,170) examined
the effect of n-3 fatty acid supplementation. There were no
placebo-controlled RCT or SR identified that evaluated the effect
of multivitamins in the population of interest. Table 4 displays
a heat map of the distribution of outcomes assessed in RCT
andSR for each ergogenic aid of interest.Of the seventy included
RCT, only two did not assess exercise/performance outcomes;
one examined creatine(86) and that the other on n-3 fatty
acids(107). None of the included RCT measured physical activity
outcomes using metabolic equivalents of task and only two of

the SRs assessed metabolic equivalents of task as an outcome
measure of interest(31,33). For the nutritional ergogenic aids
caffeine, creatine and n-3 fatty acid supplements, SR published
in 2019 and 2020 were available (Fig. 3).

Discussion

This scoping review included 170 primary and secondary
research articles that examined the effect of nutrition and
physical activity interventions in individuals who were
non-athletes or recreational athletes and who were healthy
or had cardiometabolic risk. While primary research has
been consistently available on the effect of individual-level
nutrition and physical activity counseling or coaching
from a dietitian or exercise practitioner, there has been little
synthesis of these data in the 5 years of SR (2015–2020)
examined. SR published prior to 2015 may be valuable for
practice(185), but practitioners should be mindful that new
evidence may shift conclusions. Additionally, newer SR
may be more relevant to current circumstances (e.g., need
for remote coaching/counseling during the COVID-19 pan-
demic). Mobile applications designed to improve nutrition
and physical activity had been addressed in several primary
studies over the past 5 years; these studies have been well-
represented in SR. Regarding nutritional ergogenic aids of
interest, recent SR were available for the supplements with
relatively high publication activity (caffeine, creatine andn-3
fatty acids), particularly for the outcome of exercise perfor-
mance. However, other commonly used ergogenic aids
have relatively few SR available to guide practice.

Question 1: Individual-level nutrition and
physical activity counseling or coaching provided
by a dietitian/nutritionist or exercise practitioner
Prior education, experience, methodologies and assessment
techniques can differ significantly among practitioners deliv-
ering nutrition and physical activity interventions. Studies in
this scoping review included a range of practitioners provid-
ing nutrition and exercise counseling or coaching, particu-
larly among exercise practitioners. In addition, state and
federal regulations for scope of practice vary, potentially
allowing less-than-qualified practitioners to provide nutri-
tion and/or physical activity guidance. While decreasing
standards may increase accessibility, there is also risk of
lower quality care and, therefore, lower intervention efficacy
when care is provided by non-qualified practitioners.
Examining how provider qualifications impact outcomes
may inform scope of practice for both dietitian/nutritionists
and exercise practitionersworkingwith different sub-groups
of the ‘general’ population. For example, those with
cardiometabolic disease or risk factors for cardiometabolic
disease may require medical nutrition therapy provided
by aRegisteredDietitian,while direct coaching fromanexer-
cise practitioner may be required for individuals who are
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Table 4 Heat map of placebo-controlled randomised controlled trials and systematic reviews examining the effect of ergogenic aids according to the supplement and reported outcomes
(n 87 studies)

Nutritional ergogenic supplement Study design Exercise/performance outcome Anthropometric outcome Body composition outcome

Branched chain amino acids
(n 10)

RCT (n 6) 6(92,93,132,146,159,173) 2(93,132) 3(93,132,173)

Systematic reviews (n 4) 3(17,24,33) 0 3(17,33,45)

Caffeine (n 25) RCT (n 20) 20(54,58,68,70,81,84,96,122,124,131,134,136,152,153,155,157,166–168,175) 0 0

Systematic reviews (n 5) 5(25–27,36,38) 0 0

Carbohydrate replacement
(n 4)

RCT (n 4) 4(50,53,85,118) 1(118) 0

Systematic reviews (n 0) 0 0 0

Collagen (n 2) RCT (n 2) 2(116,178) 2(116,178) 2(116,178)

Systematic reviews (n 0) 0 0 0

Creatine (n 28) RCT (n 22) 21(55,57,60–67,72,75,79,88,98,105,117,118,164,165,179) 10(60,61,72,86,88,98,105,118,164,179) 13(55,60–63,67,72,75,86,88,117,164,165)

Systematic reviews (n 6) 4(17,28,29,39) 0 4(17,20,23,39)

Exogenous ketones (n 3) RCT (n 2) 2(114,137) 0 0

Systematic reviews (n 1) 1(41) 0 0

Multivitamins (n 0) RCT (n 0) 0 0 0

Systematic reviews (n 0) 0 0 0

n-3 (n 17) RCT (n 15) 14(71,73,77,82,99,110,112,115,125,127,135,156,163,170) 5(82,107,115,127,163) 5(73,77,127,163,192)

Systematic reviews (n 2) 2(16,31) 1(31) 1(16)

Red colour = >5 studies identified; orange colour= 1–5 studies identified; light yellow colour = no studies identified.
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sedentary and/or have little exercise history. There were no
studies included that investigated the effect on an interven-
tion in individuals that had no cardiometabolic risk factors or
disease. Most available primary studies investigated individ-
uals with cardiometabolic risk, such as those with over-
weight or obesity, and investigated intermediate outcomes
such as anthropometric measures, blood pressure, lab val-
ues and behavioural outcomes, which would indicate the
prevention of progression towards cardiometabolic disease.
A SR on the effects of nutrition and physical activity interven-
tions in individuals with no risk factors may yield few results.
However, signs and symptoms of cardiometabolic risk, such
as incidence of overweight and pre-diabetic levels of fasting
blood glucose,may overlap. Thus, in SR, it may be beneficial
to group individuals with cardiometabolic risk factors, but
without diagnosed disease.

The United States Preventative Task Force recently con-
ducted a SR on the effect of behaviour counseling for

nutrition and physical activity for individuals with cardio-
vascular risk on CVD outcomes(186). The current working
version describes a beneficial effect on cardiovascular
events, adiposity-related outcomes and many other health
outcomes(187). The current scoping review focused on
interventions delivered by nutrition and/or exercise
practitioners specifically and included a broader range of
participants. SR examining differences in outcomes accord-
ing to the practitioner delivering the intervention can
inform health care providers of the most effective methods
to improve dietary intake and physical activity behaviours.

Question 2: Nutrition and physical activity
mobile apps and wearable technology
Most studies examining the effectiveness of mobile apps
in improving cardiometabolic risk factors have reported
outcomes relating to energy intake, storage and output
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(dietary intake, anthropometrics and physical activity,
respectively, Table 3). Fewer studies have assessed the
influence of apps on treating those with cardiometabolic
conditions, such as type 2 diabetes mellitus and CVD.
This discrepancy may be intentional to curtail liability from
self-diagnosis or self-treatment based on data or guidance
from the app itself and in the absence of a qualified
nutrition or exercise practitioner. However, several SR
targeting individuals who are healthy or who have
cardiometabolic risk factors are available to guide practi-
tioners on the efficacy of utilising mobile apps with
clients(18,19,21,22,30,34,35,37,40,42–44). Studies investigating indi-
viduals without cardiometabolic diseasemay offer valuable
insights in broad-scale interventions implemented prior to
individuals experiencing adverse symptoms of cardiometa-
bolic risk and disease. Like the question investigating
nutrition and physical activity counseling or coaching
(Question 1), the highest density of evidence available
examined individuals with cardiometabolic risk factors.
These interventions most frequently reported outcomes
that would indicate improved behaviours and intermediate
outcomes that may indicate the prevention of cardiometa-
bolic disease.

Use of and technology related to smartphone applica-
tions and forms of telehealth will likely continue to
advance(188,189), particularly in light of the need for remote
interventions due to the COVID-19 pandemic. Thus, the
number of available studies in this domain may require
further synthesis including examination of effective app
components, differences between apps that simply track
behaviour or biomarker data compared with those which
provide recommendations and differences in apps devel-
oped directly by medical providers (hospitals, insurance
providers) v. third-party companies.

Question 3: Nutritional ergogenic aids
Participants were healthy individuals without cardiometa-
bolic risk factors in all except two studies investigating
the effect of ergogenic aids(107,178). The greatest availability
of research on nutritional ergogenic aids was for creatine,
caffeine and n-3 fatty acids. Individuals typically use
creatine to increase strength and power and may be of
particular relevance to older individuals seeking to main-
tain or build strength, function and potentially cognition.
While primary research on creatine as an ergogenic
aid has waned in recent years, several SR have been
published from 2017 to 2020, including in the ageing
population(17,20,23,28,29,39), and these can be used as resour-
ces to guide practitioner advice on creatine supplementa-
tion. There is more availability of recent studies examining
caffeine(26,27,36,38,190) and n-3 fatty acids(16,31) as ergogenic
aids, but these have also been investigated in recent SR
as recently as the year this search was conducted. When
interpreting this evidence, practitioners should consider
if the outcomes of interest align with the performance goals

of the client including increased time spent exercising,
enhanced endurance, strength or decreased pain. While
little of the included research targeted individuals with
cardiometabolic risk factors, the use of nutritional ergo-
genic aids may be common in these individuals to improve
exercise endurance and capacity. Thus, when working
with individuals with cardiometabolic risk factors, practi-
tioners should consider how to appropriately interpret
and modify conclusions and recommendations for clients.

Strengths and limitations
This scoping review had rigorous methods and compre-
hensively described interventions including both nutrition
and physical activity. Another strength of this scoping
review was inclusion of populations with a range of
cardiometabolic risk that may be representative of the
population in economically developed countries, such
as the USA. This included individuals who were healthy,
overweight or obese, or with cardiometabolic disease.
However, the authors did set the parameter that studies
would be excluded if they included participants with a
BMI of ≥40 kg/m2, with the intention that this relatively
arbitrary line may be a proxy for the point at which medical
interventions may be necessary beyond ‘standard’ diet and
exercise. This is evident in the few studies included that
focused on individuals with cardiometabolic disease; most
of which included some participants with BMI≥ 40 kg/m2

andwere thus excluded. Future studiesmay elucidatemore
relevant measures to stratify individuals who have thera-
peutic v. ‘general’ needs. Due to the wide breadth of
nutrition and physical activity interventions, it was neces-
sary to categorise populations, interventions and outcomes
very broadly, thus masking heterogeneity between these
studies. Future SR should consider how efficacy of inter-
ventions vary according to an individual’s cardiometabolic
risk factors, diet and physical activity history and ability,
andmethods of data collection for dietary intake and physi-
cal activity outcomes. Improving understanding of how
early interventions may prevent onset or progression of
cardiometabolic risk factors prior to disease onset would
allow for a development of a framework describing how
interventions can be effectively individualised to specific
clients but implemented on a broad scale. Increased
attention to and rigor of data collection methods, including
for dietary and physical activity behaviours, will improve
quality of and certainty in evidence to inform practice.

Additional limitations of this scoping review were
inclusion of evidence published in the English language
only, which may have resulted in missing relevant studies
published in other languages, and not all titles/abstracts
were screened by two reviewers due to resource con-
straints and the wide breadth of evidence identified on
the topic of interest. These limitations may have resulted
in missing relevant articles published on the topics of
interest. Also, while this scoping review aimed to identify
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primary studies published in the 15 years prior to the search
and SR published in the 5 years prior to the search, as men-
tioned, earlier evidence may still be relevant and helpful to
practitioners.

Conclusion

Interventions to improve or maintain both nutrition and
physical activity can provide clients with the knowledge,
skills and tools needed to prevent and treat cardiometa-
bolic risk factors and disease. Several recent SR on the effi-
cacy of nutrition and physical activity mobile apps and
nutritional ergogenic aids can serve as evidence-based
resources for health practitioners. Though consistent liter-
ature has been published examining the effect of providing
nutrition and exercise counseling by practitioners in these
fields, this evidence has not been synthesised. SR of these
targeted interventions may inform scope of practice for
dietitians and exercise practitioners working with individ-
uals who are healthy or who have cardiometabolic risk
factors. More research is needed examining the long-term
effects of nutrition and physical activity interventions on
patient-centred health outcomes.
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MR et al. (2020) Effect of a lifestyle intervention program
with energy-restricted Mediterranean diet and exercise on
the serum polyamine metabolome in individuals at high
cardiovascular disease risk: a randomized clinical trial.
Am J Clin Nutr, nqaa064. doi: 10.1093/ajcn/nqaa064.

90. Forsyth A, Deane FP & Williams P (2015) A lifestyle
intervention for primary care patients with depression
and anxiety: a randomised controlled trial. Psychiatry Res
230, 537–544.

91. Foster-Schubert KE, Alfano CM, Duggan CR et al. (2012)
Effect of diet and exercise, alone or combined, on weight
and body composition in overweight-to-obese postmeno-
pausal women. Obesity 20, 1628–1638.

92. Fouré A, Nosaka K, Gastaldi M et al. (2016) Effects of
branched-chain amino acids supplementation on both
plasma amino acids concentration and muscle energetics
changes resulting from muscle damage: a randomized
placebo controlled trial. Clin Nutr 35, 83–94.

93. Funderburk LK, Beretich KN, Chen MD et al. (2019)
Efficacy of L-leucine supplementation coupled with
resistance training in untrained midlife women. J Am Coll
Nutr 39, 316–324.

94. Garcia-Ortiz L, Recio-Rodriguez JI, Agudo-Conde C et al.
(2018) Long-term effectiveness of a smartphone app for
improving healthy lifestyles in general population in
primary care: randomized controlled trial (evident II study).
JMIR mHealth uHealth 6, e107.

95. Gomez-Marcos MA, Patino-Alonso MC, Recio-Rodriguez JI
et al. (2018) Short- and long-term effectiveness of a smart-
phone application for improving measures of adiposity:
a randomised clinical trial – EVIDENT II study. Eur J
Cardiovasc Nurs 17, 552–562.

96. Gonglach AR, Ade CJ, Bemben MG et al. (2016) Muscle
pain as a regulator of cycling intensity: effect of caffeine
ingestion. Med Sci Sports Exerc 48, 287–296.

97. Gonzalez-Sanchez J, Recio-Rodriguez JI, Fernandez-delRio
A et al. (2019) Using a smartphone app in changing cardio-
vascular risk factors: a randomized controlled trial (evident
II study). Int J Med Inform 125, 13–21.

98. Graef JL, Smith AE, Kendall KL et al. (2009) The effects of
4 weeks of creatine supplementation and high-intensity
interval training on cardiorespiratory fitness: a randomized
controlled trial. J Int Soc Sports Nutr 6, 18.

99. Gray P, Chappell A, Jenkinson AM et al. (2014) Fish oil
supplementation reduces markers of oxidative stress but
not muscle soreness after eccentric exercise. Int J Sport
Nutr Exerc Metab 24, 206–214.

100. Greene J, Sacks R, Piniewski B et al. (2013) The impact of an
online social network with wireless monitoring devices on
physical activity and weight loss. J Prim Care Community
Health 4, 189–194.

101. Hageman PA, Pullen CH, Hertzog M et al. (2014)
Effectiveness of tailored lifestyle interventions, using web-
based and print-mail, for reducing blood pressure among
rural women with prehypertension: main results of the
Wellness forWomen: DASHing towards Health clinical trial.
Int J Behav Nutr Phys Act 11, 1–32.

102. Hardcastle S, Taylor A, Bailey M et al. (2008) A randomised
controlled trial on the effectiveness of a primary
health care based counselling intervention on physical
activity, diet and CHD risk factors. Patient Educ Couns
70, 31–39.

103. Hardcastle SJ, Taylor AH, Bailey MP et al. (2013)
Effectiveness of a motivational interviewing intervention
on weight loss, physical activity and cardiovascular disease
risk factors: a randomised controlled trial with a 12-month
post-intervention follow-up. Int J Behav Nutr Phys Act
10, 40–55.

104. Haste A, Adamson AJ, McColl E et al. (2017) Web-based
weight loss intervention for men with type 2 diabetes: pilot
randomized controlled trial. JMIR Diabetes 2, e14.

105. Herda TJ, Beck TW, Ryan ED et al. (2009) Effects of creatine
monohydrate and polyethylene glycosylated creatine sup-
plementation on muscular strength, endurance, and power
output. J Strength Cond Res 23, 818–826.

106. Hebden L, Cook A, van der Ploeg HP et al. (2014) A mobile
health intervention for weight management among young
adults: a pilot randomised controlled trial. J Hum Nutr
Diet 27, 322–332.

107. Hill AM, Buckley JD, Murphy KJ et al. (2007) Combining
fish-oil supplements with regular aerobic exercise improves
body composition and cardiovascular disease risk factors.
Am J Clin Nutr 85, 1267–1274.

108. Hollis JL, Williams LT, Morgan PJ et al. (2015) The
40-Something Randomised Controlled Trial improved fruit
intake and nutrient density of the diet in mid-age women.
Nutr Diet 72, 316–326.

109. Hurkmans E, Matthys C, Bogaerts A et al. (2018)
Face-to-face v.mobile versus blended weight loss program:
randomized clinical trial. JMIR mHealth uHealth 6, e14.

110. Hutchins-Wiese H, Kleppinger A, Annis K et al. (2013) The
impact of supplemental N-3 long chain polyunsaturated
fatty acids and dietary antioxidants on physical perfor-
mance in postmenopausal women. J Nutr Health Aging
17, 76–80.

111. Imayama I, Alfano CM, Kong A et al. (2011) Dietary weight
loss and exercise interventions effects on quality of life in
overweight/obese postmenopausal women: a randomized
controlled trial. Int J Behav Nutr Phys Act 8, 118.

112. Jakeman JR, Lambrick DM, Wooley B et al. (2017) Effect of
an acute dose of n-3 fish oil following exercise-induced
muscle damage. Eur J Appl Physiol 117, 575–582.

113. Jakicic JM, Davis KK, Rogers RJ et al. (2016) Effect of
wearable technology combined with a lifestyle intervention
on long-termweight loss: the IDEA randomized clinical trial.
JAMA 316, 1161–1171.

114. James S & Kjerulf Greer B (2019) Influence of exogenous
β-hydroxybutyrate on walking economy and rating of
perceived exertion. J J Dietary Suppl 16, 463–469.

115. Jannas-Vela S, Roke K, Boville S et al. (2017) Lack
of effects of fish oil supplementation for 12 weeks on
resting metabolic rate and substrate oxidation in healthy
young men: a randomized controlled trial. PLoS One 12,
1–14.

116. Jendricke P, Centner C, Zdzieblik D et al. (2019) Specific
collagen peptides in combination with resistance training
improve body composition and regional muscle strength
in premenopausal women: a randomized controlled trial.
Nutrients 11, 892.

117. Johannsmeyer S, Candow DG, Brahms CM et al. (2016)
Effect of creatine supplementation and drop-set resistance
training in untrained aging adults. Exp Gerontol 83,
112–119.

118. Koenig CA, Benardot D, Cody M et al. (2008) Comparison
of creatine monohydrate and carbohydrate supplementa-
tion on repeated jump height performance. J Strength
Cond Res 22, 1081–1086.

119. Kruger J, Brennan A, Strong M et al. (2014) The cost-
effectiveness of a theory-based online health behaviour
intervention for new university students: an economic
evaluation. BMC Public Health 14, 1011.

Nutrition and physical activity interventions 4733



120. Kuller LH, Pettee Gabriel KK, Kinzel LS et al. (2012) The
women on the move through activity and nutrition
(WOMAN) study: final 48-month results. Obesity 20,
636–643.

121. Lammes E, Rydwik E & Akner G (2012) Effects of nutritional
intervention and physical training on energy intake, resting
metabolic rate and body composition in frail elderly.
A randomised, controlled pilot study. J Nutr Health Aging
16, 162–167.

122. Lane MT & Byrd MT (2019) Effects of pre-workout
supplements on power maintenance in lower body and
upper body tasks. J Funct Morphol Kinesiol 4, 18.

123. Lara J, O’Brien N, Godfrey A et al. (2016) Pilot randomised
controlled trial of a web-based intervention to promote
healthy eating, physical activity and meaningful social
connections compared with usual care control in people
of retirement age recruited from workplaces. PLoS One
11, 1–17.

124. Lara B, Ruiz-Moreno C, Salinero JJ et al. (2019) Time course
of tolerance to the performance benefits of caffeine. PLoS
One 14, 1–18.

125. Lembke P, Capodice J, Hebert K et al. (2014) Influence
of n-3 (n3) index on performance and wellbeing in young
adults after heavy eccentric exercise. J Sports Sci Med 13,
151–156.

126. Lisón JF, Palomar G, Mensorio MS et al. (2020) Impact of a
web-based exercise and nutritional education intervention
in patients who are obese with hypertension: randomized
wait-list controlled trial. J Med Internet Res 22, e14196.

127. Logan SL & Spriet LL (2015) n-3 Fatty acid supplementation
for 12weeks increases resting and exercisemetabolic rate in
healthy community-dwelling older females. PLoS One 10,
1–18.

128. Magriplis E, Sialvera TE, Papadopoulou A et al. (2019)
Effectiveness and easiness of adherence to behavioural
guidelines for diet and lifestyle changes for cholesterol-
lowering: the increasing adherence of consumers to
diet & lifestyle changes to lower (LDL) cholesterol
(ACT) randomised controlled trial. J Hum Nutr Diet 32,
607–618.

129. Martin CK, Miller AC, Thomas DM et al. (2015) Efficacy of
SmartLoss, a smartphone-based weight loss intervention:
results from a randomized controlled trial. Obesity 23,
935–942.

130. Maruyama C, Kimura M, Okumura H et al. (2010) Effect
of a worksite-based intervention program on metabolic
parameters in middle-aged male white-collar workers:
a randomized controlled trial. Prev Med 51, 11–17.

131. Lane MT, Byrd MT, Bell Z et al. (2019) Effects of supple-
mentation of a pre-workout on power maintenance in
lower body and upper body tasks in women. J Funct
Morphol Kinesiol 2, 18.

132. Mobley CB, Haun CT, Roberson PA et al. (2017) Effects
of whey, soy or leucine supplementation with 12 weeks
of resistance training on strength, body composition, and
skeletal muscle and adipose tissue histological attributes
in college-aged males. Nutrients 9, 972.

133. Nakade M, Aiba N, Suda N et al. (2012) Behavioral change
during weight loss program and 1-year follow-up: Saku
control obesity program (SCOP) in Japan. Asia Pac J Clin
Nutr 21, 22–34.

134. Nicks CR & Martin EH (2020) Effects of caffeine on
inspiratory muscle function. Eur J Sport Sci 20, 813–818.

135. Ochi E, Tsuchiya Y & Yanagimoto K (2017) Effect of
eicosapentaenoic acids-rich fish oil supplementation on
motor nerve function after eccentric contractions. J Int
Soc Sports Nutr 14, 23.
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