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Abstract

Purpose of review—Eating behaviors and dietary patterns begin in early childhood and persist 

into adolescence and adulthood, affecting lifelong acute and chronic disease risk. Vegetables 

provide a high density of necessary vitamins, minerals, and fiber. Dietary intake data show that 

children of all ages consume below the recommended range for vegetables. Pediatric providers are 

optimally positioned to promote vegetable intake in childhood. This review seeks to summarize 

lessons learned from behavioral interventions useful in the pediatric primary care setting to 

improve vegetable intake.

Recent findings—Ten published studies tested behavioral interventions in primary care to 

increase child vegetable intake. Strategies tested include teaching healthy eating behaviors and 

role modeling to parents of infants, and motivational interviewing paired with frequent office visits 

and reminders for families of older children and adolescents. Some strategies suggested positive 

change, despite study quality being limited by underpowered samples, heterogeneity of outcome 

measures, and statistical analytic approach.

Summary—Increased vegetable intake was achieved in infants through parental role-modeling 

when providers emphasized healthy dietary choices in parents. Older children increased their 

vegetable intake with motivational interviewing and frequent reminders from providers. Despite 

the high prevalence of inadequate vegetable intake among children, at present, there is only 

a modest body of literature to help guide pediatric providers in implementing practice-based 

interventions to improve vegetable intake in childhood, highlighting a need for high-quality 

research in this area.
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INTRODUCTION

Poor diet is one of the leading causes of morbidity and mortality in the United States 

[1,2], and dietary patterns are established early in life [1,3,4]. Ninety percent of toddlers 

(12–23 months) eat less than the recommended daily intake of vegetables [5]. Over 

40% of high school students [6] reported consuming vegetables less than once per day 

during the previous week, and only 2.1% of adolescents in the United States consume the 

recommended two to four cups of vegetables in a day depending on caloric intake [7]. 

Children ages 12–23 months should consume up to one cup of vegetables per day [5]. 

Although resources such as MyPlate (https://www.myplate.gov/) are available to provide 

dietary guidance, eating patterns persist into adulthood, with only 10% of adults meeting the 

daily vegetable intake recommendation of two-to-four-cup equivalents [8].

Inadequate vegetable intake is an independent predictor of higher systolic blood pressure, 

elevated triglyceride levels, and metabolic syndrome in adolescents [9,10]. Vegetables are an 

important component of the diet, providing a high density of vitamins, minerals, and fiber 

relative to the total number of calories. Greater daily consumption of vegetables may reduce 

the risk of constipation and dental caries in children [11–13]. Increased vegetable intake is 

associated with reductions in obesity and secondary comorbidities, including cardiovascular 

disease, and all-cause mortality from cancer [14–16].

Behavioral interventions designed to improve vegetable intake include nutrition education, 

motivational interviewing, the Transtheoretical Model (TTM), and additional techniques 

intended to modify patterns of behavior surrounding dietary choices and eating habits. TTM 

can help identify a patient’s stage of readiness for behavior change, while motivational 

interviewing is a counseling technique that involves listening to and partnering with 

patients to modify unhealthy behaviors [17,18]. Previous interventions have been conducted 

in schools, communities, or laboratory settings and had limited success [19■■,20–22]. 

Interventions may not demonstrate significant improvement in vegetable intake because of 

the risk of bias, including performance, detection, and attrition bias [19■■]. Unintended 

consequences of behavioral interventions may include contamination from other techniques, 

such as exposure to different treatment arms in the same office and computer-based 

interventions or incentives that lose their effectiveness when no longer available [20,21]. 

Pediatricians see children regularly throughout childhood, are a trusted source of health 

information, and may be ideally positioned to improve child vegetable intake through 

interventions delivered within the patient-centered medical home. In this review, we aim 

to summarize data from behavioral interventions that measure child vegetable consumption 

to help guide pediatric primary care clinicians in evidence-supported clinical practice as well 

as highlight areas for future research.

REVIEW FINDINGS

Ten studies were identified that tested the effect on vegetable intake of behavioral 

interventions conducted on children of various ages in the pediatric primary care setting. 

Three studies found statistically significant increases in children’s vegetable consumption 

(Table 1) [23,24■,25]. Effective techniques in infancy and early childhood highlights 

Beals et al. Page 2

Curr Opin Pediatr. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.myplate.gov/


dietary guidance directed at parents and parental role modeling, whereas older children and 

adolescents saw the most benefit from motivational interviewing, programs such as 5210, 

and frequent follow-up. The techniques and observations described may be incorporated 

into pediatric office visits to help establish healthy eating behaviors [26]. More research is 

needed to identify additional evidence-based interventions and implementation strategies.

LITERATURE SEARCH

The PubMed and Embase databases were searched in March 2022. Research articles that 

included an intervention and an outcome of vegetable consumption were identified through 

PubMed using the following search terms and Boolean operators: (Vegetable*) AND 

(pediatric* OR infan* OR child* OR adolescen*) AND (“office-based” OR “clinic-based” 

OR ‘practice-based’). Criteria included an intervention initiated in a primary care setting for 

pediatric patients between the ages of 0 and 18 years and an outcome of vegetable and/or 

fruit consumption or a nutrition score that also reported vegetable consumption. Studies 

were included if the intervention included multiple visits to the primary care office or 

follow-up phone calls, but were excluded if the intervention included extensive educational 

sessions in the community setting. There were no search limitations on the year published or 

the geographic location of the study because of the scarcity of available studies. Titles and 

abstracts were screened for relevance, followed by the full text of appropriate articles.

EVIDENCE FOR INTERVENTIONS IN INFANCY

Three studies tested a behavioral dietary intervention in infants [24■,27,28]. A pilot cluster 

randomized controlled trial (RCT) tested the effect of maternal role modeling as a strategy 

to help children develop positive eating patterns [24■]. Mothers were encouraged by trained 

clinic providers, including physicians, nurses, or medical assistants, to consume regular 

meals and snacks, eat without the television on, increase fruit and vegetable intake, and 

limit soda and fast-food. Twelve months following the initial intervention visit, mothers 

reported that their infants consumed significantly more servings of vegetables and fruit 

compared with the Bright Futures control group [24■]. A pretest/posttest study in Ireland 

demonstrated that a significant number of families increased their fruit and vegetable intake 

by at least four daily portions 3 months after being provided a handout on healthy nutrition 

and activity in infancy, as well as a brief discussion with a pediatrician on the infant’s 

weight. These interventions took place during the routine 13-month vaccination visits [28]. 

In contrast, a parallel cluster RCT in Norway found no difference in vegetable intake 2 years 

after public health nurses delivered a 10 min educational session to parents of 10-month-old 

infants. The session consisted of dietary advice, infant feeding, and role-modeling, with the 

aid of an in-office flip booklet [27].

EVIDENCE FOR INTERVENTIONS IN EARLY CHILDHOOD

Two studies included a clinical intervention for children in early childhood, ages 2–7 

years, with neither study demonstrating significant impacts on vegetable intake [29,30]. 

The first study tested an office-based obesity prevention program using motivational 

interviewing in children ages 3–7 years with overweight or obesity (BMI-for-age-and-sex 
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≥85th percentile) or weight less than 85th percentile with one parent with obesity (BMI 

≥30) [29]. Children assigned to an ‘intensive’ intervention were provided physician-led 

motivational interviewing followed by another motivational interviewing session with a 

registered dietitian 3 months later; those assigned to a ‘minimal’ intervention were provided 

physician-led motivational interviewing without the additional registered dietitian session. 

Both intervention groups received material on healthy eating patterns and physical activity 

and were shown a video that modeled healthy eating patterns. The ‘control’ group received 

the usual anticipatory guidance on diet and weight without motivational interviewing. 

Vegetable servings per day, measured using a youth and adolescent food frequency 

questionnaire, did not differ between the two intervention groups compared with standard 

care after 6 months. Participant attrition was notable with 50% for the ‘intensive’ care group, 

32% for the ‘minimal’ care group, and 10% for the ‘control’ group [29].

Another study tested the High Five for Kids program in children ages 2–7 years who were 

at-risk for developing overweight or obesity, defined as child’s BMI at least 95th percentile 

or child’s BMI at least 85th to less than 95th percentile and one overweight parent (BMI 

≥25 kg/m2) [30]. Children in the intervention group received four 25 min office visits 

separate from regularly scheduled pediatrician visits. These visits incorporated motivational 

interviewing and resources on local recreation and healthy recipes, three additional 15 min 

phone calls during the first year of the study, along with incentives for behavior change. The 

children in the control group received well child visits with a pediatrician or nutritionist and 

the same number of weight checks as the intervention group. Unfortunately, there was no 

difference in the change in fruit and vegetable intake after 2 years of study participation [30].

RECOMMENDATIONS FOR INFANCY AND EARLY CHILDHOOD

Studies with promising strategies to promote vegetable intake during infancy and early 

childhood focused on healthy parental diets, including motivational interviewing directed 

at the parents, and parental role modeling to influence young children to eat more 

vegetables [24■,29,30]. During the infants’ first 6 months of life, dietary counseling was 

directed at maternal dietary behaviors and encouraged parental role modeling; this approach 

was effective in increasing the infant’s vegetable intake at 12 months. Role modeling 

refers to parents demonstrating behaviors in front of their children, either intentionally or 

unintentionally, and subsequent adoption of the behaviors by the children [31■,32].

A systematic review of this topic found that parental role modeling of healthy food intake 

was positively associated with healthy food intake by their children in 28 of 31 studies 

[31■]. Pediatric clinicians should begin promoting healthy dietary behaviors as early as 

possible in early infancy and should emphasize to caregivers the importance of parental role 

modeling in influencing their young children to improve vegetable intake as they age. Other 

studies described testing motivational interviewing directed at the child’s behaviors in early 

childhood, but were found to be less impactful on child vegetable intake [29,30].
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EVIDENCE FOR INTERVENTIONS IN LATE CHILDHOOD

Three studies evaluated primary care-based interventions among children ages 5–12 years 

[25,33,34]. The first trial studied children ages 4–18 years with BMI between the 85th and 

less than 95th percentile who received motivational interviewing and set goals in accordance 

with the 5210 Program. Results demonstrated significantly increased fruit and vegetable 

intake compared with the control group after 12months (Table 1). The 5210 Program 

establishes the daily goals of at least five servings of fruits and vegetables, no more than 

2 h of screen time, at least 1h of physical activity, and zero sugar-sweetened beverages 

[25]. Servings were defined as roughly the size of the child’s palm. The intervention group 

completed a readiness ruler and a goal-setting worksheet and received three individualized 

motivational interviewing sessions with a clinic nurse and prescheduled phone calls over 6 

months. The standard care group received a BMI chart print-out, handouts on healthy weight 

management, and referrals for dietary evaluations as appropriate [25].

Another study evaluated the effect of motivational interviewing with overweight Italian 

children, ages 4–7 years [33]. Children in the intervention group received five pediatrician-

led motivational interviewing sessions (1–2 months apart) in which one mutually agreed 

dietary and one mutually agreed physical activity objective were reinforced. The usual care 

group only received a booklet with information for the parents on obesity prevention and 

advice typically given during a well child visit. Although vegetable intakes did not differ 

between the intervention and control groups at 12 months following the intervention, there 

was an increase in consumption of vegetable soups (P = 0.023) [33].

TTM was also studied to identify readiness for behavior change and create tailored 

health counseling in children ages 4–10 years [34]. Both intervention and control children 

completed a baseline survey and chose a topic for health counseling; however, the 

intervention group received counseling before the end of the study and the control group 

received counseling after the study. Health counseling consisted of a printed handout with 

messages on a health topic tailored to the child’s stage of readiness. The intervention group 

reported an increase in vegetable intake of borderline significance compared with the control 

group (P = 0.05) [34].

EVIDENCE FOR INTERVENTIONS IN ADOLESCENCE

Two studies by Patrick et al. [35,36] tested the Patient-centered Assessment and Counseling 

for Exercise + nutrition (PACE+) program for adolescents, described below.

The initial feasibility study tested the effect of the PACE+ program on long-term behavior 

change among healthy adolescents ages 11–18 years [36]. All participants completed an 

initial computerized assessment on health habits and were asked to choose one nutrition and 

one physical activity habit to target for behavior change, which were then discussed with 

their healthcare provider. Participants were randomly allocated into four intervention groups 

with increasing frequency of mail or telephone contact versus a control group receiving no 

additional contact outside the primary care office. Mailings included healthy habit tip sheets 

and strategies for behavior change, while phone calls (<10 min) included brief counseling 
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or a reminder. All participants in the intervention groups improved their fruit and vegetable 

intake over time (P = 0.002) [36].

The subsequent RCT tested the effect of the PACE+ program in adolescents ages 11–15 

years [35]. The intervention group completed the initial computer assessment on health 

habits and received provider counseling, followed by regular telephone calls and mailings 

by research staff to teach and reinforce healthy behaviors. Unlike the initial feasibility study, 

the control group in the RCT received the same intervention steps except the given guidance 

was on sun protection, rather than nutrition or physical activity guidance. Females in the 

intervention group increased their daily servings of fruit and vegetables relative to those 

in the control group but not significantly. Males in both groups increased their fruit and 

vegetable intakes by 20%. Dietary recalls were analyzed by trained analysts and converted 

to servings per day. Adolescents in the intervention group who were reached less than nine 

times by phone over the 12-month study period were less likely to meet the recommendation 

of five or more daily servings of fruit and vegetables compared with those who were reached 

at least nine times by phone [RR 1.5; 95% confidence interval (CI) 1.02–2.03] [35].

RECOMMENDATIONS FOR LATE CHILDHOOD AND ADOLESCENCE

Techniques to increase vegetable intake in older children and adolescents were often 

directed at the child by identifying the child’s stage of readiness for behavior change 

using the TTM before providing tailored motivational interviewing [25,33,36]. Motivational 

interviewing resulted in increased vegetable intake in older children [25] but not in younger 

children [29]. Identifying stage of change and providing motivational interviewing for 

increasing vegetable intake should initially be directed at the caregivers of children younger 

than 4 years. The provider should then transition to directing these techniques toward the 

older child, especially during late childhood and adolescence. Several of the interventions 

that included frequent contact with older children through mailings or phone calls reported 

improved vegetable intake [25,36].

A systematic review of pediatric primary care-based behavioral interventions to improve 

BMI found interventions were more promising when motivational interviewing techniques, 

such as goal setting and behavior reinforcement, were accompanied by more frequent office 

visits, treatment sessions, pediatrician contact, and longer follow-up duration [37]. On the 

other hand, potential reasons for frequent contact being ineffective may have been one-way 

modes of contact, such as mailings instead of text messages, or delayed follow-up. Vegetable 

intake may be improved with multicomponent interventions, which have been shown to 

improve outcomes [35,38,39]. Multicomponent interventions take place in various settings, 

such as a combination of the primary care office and the school setting. Collaboration 

with local schools and community centers to increase kids’ awareness of vegetables would 

serve to reinforce the messaging provided in the primary care office [40■]. Regular text 

messaging, use of health apps, or games that teach parents and children about vegetables 

also may be very beneficial [41,42]. Providing older children with specific dietary guidance 

may improve self-efficacy during a stage of life when children are starting to make their 

own food choices outside the home and can cognitively appreciate that certain foods are 

consistent with health [43].

Beals et al. Page 6

Curr Opin Pediatr. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PROVIDER CONFIDENCE TO DELIVER INTERVENTIONS

Providers need further training in providing dietary advice and using tools such as 

motivational interviewing to create effective behavior change. Furthermore, the abilities 

of physician associates, nurse practitioners, physical therapists, dietitians, and nurses have 

been under-utilized toward the effort of pediatric behavior change [44,45]. The ability 

of providers to deliver nutrition and behavior change counseling has been noted to be 

insufficient to meet patients’ needs. At one large academic medical center, 82% of pediatric 

and medicine–pediatric physicians agreed that there is a lack of obesity supportive services, 

including referrals for dietitians or weight management specialists [46]. Only 51% of the 

physicians surveyed felt comfortable discussing nutrition with families, and only 37% 

felt confident in providing motivational interviewing [44]. There is an increasing need 

for providers to confidently deliver nutrition and behavior change interventions; hence, 

improved provider training and confidence are important first steps.

DISPARITIES IN AVAILABLE DATA

There is a major gap in the literature describing interventions to increase vegetable intake 

in low income and minority populations. Only one study [24■] was conducted in a 

predominantly black population. All other studies reported results in predominantly white 

populations or did not report racial or ethnic demographic data at all. In a cross-sectional 

study examining dietary intake survey data by race and ethnicity, Guerrero and Chung 

[47] found that over 70% of Spanish-speaking Latino households and non-English speaking 

Asian families reported consuming fewer than two servings of vegetables the previous day. 

They also found that lower caregiver education was associated with higher odds of children 

consuming less than two servings of vegetables per day [47]. These data highlight the need 

to identify strategies to increase vegetable intake in diverse populations of children who may 

be at greater risk.

STRENGTHS AND LIMITATIONS

This current review has several strengths. Strategies have been identified for providers 

to increase vegetable intake in all pediatric age groups, which has the potential to slow 

the rising rates of diet-preventable chronic disease seen in adulthood [1,48]. Additionally, 

several studies delivered clinical interventions in early infancy and adolescence, both 

important windows for the development of dietary habits [49]. Several limitations also exist. 

The databases were searched with relatively broad search terms, so relevant studies may 

have been missed. Although the goal of the review was to identify behavioral interventions 

that would lead to increased vegetable intake, 7 of the 10 included studies did not 

differentiate between fruits and vegetables, or types of vegetable. Therefore, it cannot be 

determined if the increased intake was primarily vegetables or fruit, or if the vegetables 

consumed were leafy greens or starchy potatoes. Vegetables and fruits can have significantly 

different nutrient composition and support different aspects of health [50]. In addition, the 

differences in vegetable intake reported may not reflect a meaningful clinical change, as only 

two studies reported average increases in vegetable intake that were greater than or equal 

to one serving per day; the definition of a serving across studies also differed [25,36]. Six 
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studies reported higher than expected attrition, while some had small sample sizes, which 

may impact the validity of statistical significance. Finally, the quality of the evidence was 

not formally assessed in the studies we included in this review. Despite these limitations 

and the challenges inherent in measuring the effects of behavioral interventions to increase 

vegetable intake, early conversations about healthy dietary habits are likely to have a positive 

impact across a child’s lifetime.

CONCLUSION

The pediatrician’s office is an excellent place to begin conversations with families to 

emphasize the importance of healthy dietary behaviors. Interventions in infancy and early 

childhood should focus on parental dietary habits and parental role modeling of healthy 

eating behaviors, while interventions for older children and adolescents should include 

motivational interviewing, programs with simple and effective messaging such as 5210, 

and frequent follow-up. Although this review suggests a paucity of data on interventions 

to improve vegetable intake in the pediatric clinical setting, it also highlights important 

opportunities for clinicians to design and test their own clinical interventions. With new 

social communication technology and platforms, there are many more tools today that can 

be used to educate and motivate children, teens, and their families to make positive dietary 

changes.
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KEY POINTS

• Pediatric providers see children and adolescents throughout their development 

and are well positioned to provide brief in-office interventions to encourage 

regular vegetable intake.

• Strategies such as teaching parents to role model vegetable intake for their 

infants and young children are promising strategies for younger age groups.

• Strategies such as motivational interviewing and frequent follow-up are 

promising for older children and adolescents toward increasing vegetable 

intake.

• Well designed and well powered studies that test clinical behavioral 

interventions to increase vegetable intake in the primary care setting are 

needed.

Beals et al. Page 12

Curr Opin Pediatr. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beals et al. Page 13

Ta
b

le
 1

.

In
te

rv
en

tio
ns

 in
 p

ed
ia

tr
ic

 p
ri

m
ar

y 
ca

re
 w

ith
 s

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 im

pa
ct

s 
on

 c
hi

ld
 f

ru
it 

an
d 

ve
ge

ta
bl

e 
co

ns
um

pt
io

n

A
ut

ho
r(

s)
, 

ye
ar

, l
oc

at
io

n;
 

st
ud

y 
de

si
gn

A
ge

P
op

ul
at

io
n

D
em

og
ra

ph
ic

s 
an

d 
cl

in
ic

al
 c

ha
ra

ct
er

is
ti

cs
 

(S
D

 o
r 

ra
ng

e)
Sa

m
pl

e 
si

ze
St

ud
y 

de
si

gn
; 

in
te

rv
en

ti
on

, 
co

nt
ro

l, 
st

ud
y 

vi
si

ts
; 

du
ra

ti
on

V
eg

et
ab

le
 

in
ta

ke
 

ou
tc

om
e;

 
m

ea
su

re
 o

f 
in

ta
ke

A
dd

it
io

na
l 

ou
tc

om
es

R
es

ul
ts

 o
n 

ve
ge

ta
bl

e 
in

ta
ke

 m
ea

n 
(S

D
) 

w
he

re
 

ap
pl

ic
ab

le

In
fa

nc
y

 
D

oo
rl

ey
 E

, 
Y

ou
ng

 C
, O

-
Sh

ea
 B

, e
t a

l. 
20

15
, u

rb
an

 
cl

in
ic

s 
in

 
Ir

el
an

d

13
 

m
on

th
s

H
ea

lth
y 

ch
ild

re
n 

be
in

g 
se

en
 

fo
r 

13
-

m
on

th
 

va
cc

in
at

io
n 

vi
si

t

St
ud

y 
Si

te
 1

: T
od

dl
er

s 
at

 
le

as
t 9

1s
t p

er
ce

nt
ile

 f
or

 
w

ei
gh

t a
t b

as
el

in
e:

 3
3%

Pa
re

nt
al

 a
ge

 o
f 

le
av

in
g 

ed
uc

at
io

n:
 1

6 
ye

ar
s

Pr
iv

at
e 

pa
tie

nt
s:

 1
1%

D
ep

ri
va

tio
n 

in
de

x:
 1

0 
(m

ax
im

um
)

St
ud

y 
Si

te
 2

: T
od

dl
er

s 
at

 
le

as
t 9

1s
t p

er
ce

nt
ile

 f
or

 
w

ei
gh

t a
t b

as
el

in
e:

 2
0%

Pa
re

nt
al

 a
ge

 o
f 

le
av

in
g 

ed
uc

at
io

n:
 2

2 
ye

ar
s

Pr
iv

at
e 

pa
tie

nt
s:

 8
6%

D
ep

ri
va

tio
n 

in
de

x:
 7

n 
to

ta
l: 

39
D

es
ig

n:
 p

re
te

st
, p

os
tte

st

In
te

rv
en

tio
n

(1
) 

H
ea

lth
y 

ea
tin

g 
an

d 
ac

tiv
ity

 
in

fo
rm

at
io

n 
sh

ee
t, 

di
sc

us
si

on
 o

f 
ch

ild
’s

 w
ei

gh
t

- 
In

te
rv

en
tio

ni
st

: g
en

er
al

 
pr

ac
tit

io
ne

r

C
on

tr
ol

:
N

o 
co

nt
ro

l g
ro

up

St
ud

y 
vi

si
ts

: o
ne

 1
3-

m
on

th
 v

is
it,

 
fo

llo
w

-u
p 

ph
on

e 
ca

ll 
3 

m
on

th
s 

la
te

r

St
ud

y 
du

ra
tio

n:
 3

 m
on

th
s

Pr
op

or
tio

n 
co

ns
um

in
g 

at
 

le
as

t f
ou

r 
se

rv
in

gs
 o

f 
fr

ui
t 

an
d 

ve
ge

ta
bl

es
 

pe
r 

da
y.

In
ta

ke
 o

f 
un

he
al

th
y 

sn
ac

ks
, 

su
ga

r-
sw

ee
te

ne
d 

dr
in

ks
, f

ru
it 

ju
ic

e;
 

m
or

e 
th

an
 2

 h
 s

cr
ee

n 
tim

e;
 m

or
e 

th
an

 3
0 

m
in

 e
xe

rc
is

e 
da

ily
.

In
cr

ea
se

 in
 p

ro
po

rt
io

n 
of

 
pa

rt
ic

ip
an

ts
 c

on
su

m
in

g 
at

 
le

as
t f

ou
r 

se
rv

in
gs

 o
f 

fr
ui

t 
an

d 
ve

ge
ta

bl
es

 p
er

 d
ay

.

B
as

el
in

e:
 2

0.
5%

Po
st

in
te

rv
en

tio
n:

 2
8.

5%

 
Fr

en
ch

 G
M

, 
N

ic
ho

ls
on

 L
, 

Sk
yb

o 
T,

 e
t a

l. 
20

12
; 

C
ol

um
bu

s 
O

hi
o

0–
6 

m
on

th
s

H
ea

lth
y 

m
ot

he
r–

in
fa

nt
 p

ai
rs

M
ot

he
r’

s 
B

M
I:

 6
2%

 
ov

er
w

ei
gh

t o
r 

ob
es

e

M
ot

he
r’

s 
ra

ce
:

- 
B

la
ck

: 6
1%

- 
W

hi
te

: 2
4%

- 
ot

he
r:

 1
5%

C
E

S-
D

10
 s

co
re

 >
 

11
:7

3.
1%

M
ot

he
r’

s 
ed

uc
at

io
n:

 h
ig

h 
sc

ho
ol

 o
r 

le
ss

: 6
6%

W
IC

 r
ec

ip
ie

nt
: 9

3%
Fo

od
 s

ta
m

ps
: 6

0%
Pr

iv
at

e 
in

su
ra

nc
e:

 1
8%

n 
(t

ot
al

 p
ai

rs
):

 
29

2

n 
(M

O
M

S)
: 9

8

n 
(O

P)
: 9

5

n 
(B

F)
: 9

9

D
es

ig
n:

 p
ilo

t c
lu

st
er

 R
C

T

In
te

rv
en

tio
n:

(1
) 

M
at

er
na

l-
fo

cu
se

d 
di

et
ar

y 
in

te
rv

en
tio

n 
(M

O
M

S)
: 

pa
rt

ic
ip

an
ts

 w
er

e 
in

st
ru

ct
ed

 to
 

m
od

el
 h

ea
lth

y 
ea

tin
g 

ha
bi

ts
, 

w
hi

ch
 in

cl
ud

ed
 e

at
in

g 
th

re
e 

m
ea

ls
 a

 d
ay

, n
ot

 e
at

in
g 

w
ith

 
th

e 
T

V
 o

n,
 c

on
su

m
in

g 
at

 le
as

t 
fi

ve
 s

er
vi

ng
s 

fr
ui

ts
 a

nd
 v

eg
et

ab
le

s 
da

ily
.

(2
) 

O
un

ce
 o

f 
Pr

ev
en

tio
n 

(O
P)

: t
au

gh
t i

nf
an

t-
gu

id
ed

 
fe

ed
in

g,
 in

tr
od

uc
in

g 
ne

w
 f

oo
ds

, 
in

te
rp

re
tin

g 
in

fa
nt

 s
at

ie
ty

 c
ue

s.
In

te
rv

en
tio

ni
st

s 
fo

r 
bo

th
 g

ro
up

s:
 

tr
ai

ne
d 

pe
di

at
ri

ci
an

s,
 n

ur
se

s,
 a

nd
 

m
ed

ic
al

 a
ss

is
ta

nt
s

C
on

tr
ol

:
B

ri
gh

t F
ut

ur
es

 (
B

F;
 u

su
al

 c
ar

e)
 

in
cl

ud
ed

 tr
ad

iti
on

al
 a

nt
ic

ip
at

or
y 

gu
id

an
ce

 o
n 

br
ea

st
-f

ee
di

ng
, 

N
o 

pr
im

ar
y 

ou
tc

om
e 

re
po

rt
ed

In
fa

nt
 f

ee
di

ng
 

pr
ac

tic
es

 (
ve

ge
ta

bl
e 

se
rv

in
gs

/d
ay

, f
ru

it 
se

rv
in

gs
/d

ay
, j

ui
ce

 
oz

/d
ay

),
 m

ea
su

re
d 

by
 in

fa
nt

 f
ee

di
ng

 
qu

es
tio

nn
ai

re
; 

m
at

er
na

l a
nd

 c
hi

ld
 

an
th

ro
po

m
et

ri
cs

, 
ea

tin
g 

be
ha

vi
or

s,
 

fo
od

 s
ec

ur
ity

.

Si
gn

if
ic

an
tly

 h
ig

he
r 

in
fa

nt
 v

eg
et

ab
le

 in
ta

ke
 in

 
M

O
M

S 
gr

ou
p 

(s
er

vi
ng

s/
da

y)
 c

om
pa

re
d 

w
ith

 B
F 

co
nt

ro
l (

P 
<

 0
.0

5)
.

M
O

M
S:

 1
.4

1 
(0

.1
1)

B
F 

co
nt

ro
l: 

1.
03

 (
0.

10
)

O
un

ce
 o

f 
Pr

ev
en

tio
n:

 
1.

20
 (

0.
11

)

Curr Opin Pediatr. Author manuscript; available in PMC 2024 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beals et al. Page 14

A
ut

ho
r(

s)
, 

ye
ar

, l
oc

at
io

n;
 

st
ud

y 
de

si
gn

A
ge

P
op

ul
at

io
n

D
em

og
ra

ph
ic

s 
an

d 
cl

in
ic

al
 c

ha
ra

ct
er

is
ti

cs
 

(S
D

 o
r 

ra
ng

e)
Sa

m
pl

e 
si

ze
St

ud
y 

de
si

gn
; 

in
te

rv
en

ti
on

, 
co

nt
ro

l, 
st

ud
y 

vi
si

ts
; 

du
ra

ti
on

V
eg

et
ab

le
 

in
ta

ke
 

ou
tc

om
e;

 
m

ea
su

re
 o

f 
in

ta
ke

A
dd

it
io

na
l 

ou
tc

om
es

R
es

ul
ts

 o
n 

ve
ge

ta
bl

e 
in

ta
ke

 m
ea

n 
(S

D
) 

w
he

re
 

ap
pl

ic
ab

le

in
tr

od
uc

tio
n 

of
 n

ew
 f

oo
ds

, a
nd

 
av

oi
da

nc
e 

of
 h

az
ar

ds

St
ud

y 
vi

si
ts

: 2
, 4

, 6
, 9

, a
nd

 1
2 

m
on

th
s

St
ud

y 
du

ra
tio

n:
 1

2 
m

on
th

s

C
hi

ld
ho

od
 a

nd
 

ad
ol

es
ce

nc
e

 
T

uc
ke

r 
SJ

, 
Y

tte
rb

er
g 

K
L

, 
L

en
oc

h 
L

M
, e

t 
al

. 2
01

3,
 

M
id

w
es

te
rn

 
A

ca
de

m
ic

 
M

ed
ic

al
 C

en
te

r 
in

 th
e 

U
ni

te
d 

St
at

es

4–
18

 
ye

ar
s

C
hi

ld
re

n 
w

ith
 B

M
I 

85
th

 to
 9

5t
h 

pe
rc

en
til

e

  C
hi

ld
 e

th
ni

ci
ty

:
C

au
ca

si
an

: 8
0%

  A
si

an
: 4

%
  B

la
ck

/A
fr

ic
an

 
A

m
er

ic
an

: 6
%

H
is

pa
ni

c/
L

at
in

o:
 2

%

Pa
re

nt
:

R
ac

e/
et

hn
ic

ity
:

  C
au

ca
si

an
: 8

1%
A

si
an

: 4
%

B
la

ck
/A

fr
ic

an
 A

m
er

ic
an

: 
6% H

is
pa

ni
c/

L
at

in
o:

 2
%

E
du

ca
tio

n 
le

ve
l:

A
t l

ea
st

 h
ig

h 
sc

ho
ol

 o
r 

G
E

D
: 1

4%
C

ol
le

ge
 d

eg
re

e:
 4

1%

H
ou

se
ho

ld
 a

nn
ua

l g
ro

ss
 

in
co

m
e 

≥ 
$8

00
01

+
: 3

7%

n 
to

ta
l: 

96
n 

in
te

rv
en

tio
n:

 
44 n 

co
nt

ro
l: 

52

D
es

ig
n:

 n
on

ra
nd

om
iz

ed
 q

ua
si

-
ex

pe
ri

m
en

ta
l t

ri
al

In
te

rv
en

tio
n 

(5
21

0 
pr

og
ra

m
):

 
R

eg
is

te
re

d 
nu

rs
e 

(R
N

) 
tr

ai
ni

ng
 in

 
M

I
R

N
-l

ed
 3

0 
m

in
 M

I 
se

ss
io

n 
(w

ith
 

re
ad

in
es

s 
ru

le
r 

an
d 

go
al

-s
et

tin
g 

w
or

ks
he

et
),

 w
ee

kl
y 

ph
on

e 
ca

lls
, 

fo
llo

w
-u

p 
M

I,
 a

nd
 a

 b
oo

st
er

 M
I 

at
 6

 m
on

th
s,

 b
as

ed
 o

n 
th

e 
52

10
 

pr
og

ra
m

: a
t l

ea
st

 f
iv

e 
se

rv
in

gs
 

fr
ui

ts
 a

nd
 v

eg
et

ab
le

s 
pe

r 
da

y,
 a

t 
le

as
t 1

 h
 p

hy
si

ca
l a

ct
iv

ity
 p

er
 d

ay
, 

2 
h 

or
 le

ss
 s

cr
ee

n 
tim

e 
pe

r 
da

y,
 

0 
su

ga
r-

sw
ee

te
ne

d 
be

ve
ra

ge
s 

pe
r 

da
y;

In
te

rv
en

tio
ni

st
: r

eg
is

te
re

d 
nu

rs
e

C
on

tr
ol

:
G

iv
en

 a
 B

M
I 

ch
ar

t p
ri

nt
-o

ut
, 

ha
nd

ou
ts

 o
n 

he
al

th
y 

w
ei

gh
t 

m
an

ag
em

en
t, 

an
d 

re
fe

rr
al

s 
fo

r 
di

et
ar

y 
ev

al
ua

tio
ns

 a
s 

ap
pr

op
ri

at
e

St
ud

y 
vi

si
ts

: 6
 m

on
th

s 
(b

as
el

in
e,

 
1,

 a
nd

 6
 m

on
th

s)
St

ud
y 

du
ra

tio
n:

 1
2 

m
on

th
s

B
eh

av
io

r 
ch

an
ge

 
(i

nc
lu

di
ng

 
in

cr
ea

se
 in

 
se

rv
in

gs
/d

ay
 o

f 
fr

ui
ts

 a
nd

 
ve

ge
ta

bl
es

, 
m

ea
su

ri
ng

 b
y 

he
al

th
y 

ha
bi

ts
 

qu
es

tio
nn

ai
re

)

B
M

I,
 B

M
I 

pe
rc

en
til

e,
 a

nd
 

pa
re

nt
, c

hi
ld

, a
nd

 
pr

ov
id

er
 s

at
is

fa
ct

io
n 

w
ith

 M
I 

in
te

rv
en

tio
n

Si
gn

if
ic

an
t d

if
fe

re
nc

e 
in

 f
ru

it/
ve

ge
ta

bl
e 

co
ns

um
pt

io
n 

(P
 <

 0
.0

01
).

6-
m

on
th

 o
ut

co
m

es
:

In
te

rv
en

tio
n:

 in
cr

ea
se

 
fr

om
 2

.8
 (

1.
3)

 to
 4

.0
 (

1.
4)

C
on

tr
ol

: i
nc

re
as

e 
fr

om
 

2.
6 

(1
.4

) 
to

 2
.9

 (
1.

6)

12
-m

on
th

 o
ut

co
m

es
:

In
te

rv
en

tio
n:

 in
cr

ea
se

d 
fr

om
 2

.8
 (

1.
3)

 to
 3

.8
 (

1.
1)

C
on

tr
ol

: i
nc

re
as

ed
 f

ro
m

 
2.

6 
(1

.4
) 

to
 3

.0
 (

1.
4)

.

A
dd

iti
on

al
 f

in
di

ng
s:

pr
op

or
tio

n 
ea

tin
g 

fi
ve

 
se

rv
in

gs
 o

f 
fr

ui
ts

/
ve

ge
ta

bl
es

 p
er

 d
ay

 (
P 

=
 0

.0
21

):
 -

 I
nt

er
ve

nt
io

n:
 

30
%

C
on

tr
ol

: 1
0%

C
E

S-
D

10
: C

en
te

r 
of

 E
pi

de
m

io
lo

gi
c 

St
ud

ie
s 

D
ep

re
ss

io
n 

Sc
al

e;
 F

V
, f

ru
its

 a
nd

 v
eg

et
ab

le
s;

 G
E

D
, G

en
er

al
 E

du
ca

tio
na

l D
ev

el
op

m
en

t T
es

t; 
M

I,
 m

ot
iv

at
io

na
l i

nt
er

vi
ew

in
g;

 P
A

C
E

+
, p

at
ie

nt
-c

en
te

re
d 

as
se

ss
m

en
t 

an
d 

co
un

se
lin

g 
fo

r 
ex

er
ci

se
 +

 n
ut

ri
tio

n;
 R

C
T,

 r
an

do
m

iz
ed

 c
on

tr
ol

 tr
ia

l; 
SD

, s
ta

nd
ar

d 
de

vi
at

io
n;

 W
C

, w
ai

st
 c

ir
cu

m
fe

re
nc

e;
 W

IC
, S

pe
ci

al
 S

up
pl

em
en

ta
l N

ut
ri

tio
n 

Pr
og

ra
m

 f
or

 W
om

en
, I

nf
an

ts
, a

nd
 C

hi
ld

re
n.

Curr Opin Pediatr. Author manuscript; available in PMC 2024 February 01.


	Abstract
	INTRODUCTION
	REVIEW FINDINGS
	LITERATURE SEARCH
	EVIDENCE FOR INTERVENTIONS IN INFANCY
	EVIDENCE FOR INTERVENTIONS IN EARLY CHILDHOOD
	RECOMMENDATIONS FOR INFANCY AND EARLY CHILDHOOD
	EVIDENCE FOR INTERVENTIONS IN LATE CHILDHOOD
	EVIDENCE FOR INTERVENTIONS IN ADOLESCENCE
	RECOMMENDATIONS FOR LATE CHILDHOOD AND ADOLESCENCE
	PROVIDER CONFIDENCE TO DELIVER INTERVENTIONS
	DISPARITIES IN AVAILABLE DATA
	STRENGTHS AND LIMITATIONS
	CONCLUSION
	References
	Table 1.

