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ABSTRACT
Fruit and vegetable intake in U.S. adults remains well below recommended levels, despite evidence of 
the health benefits of diets high in fruits and vegetables. Efforts to increase fruit and vegetable intake 
include behavioral-based interventions. Generally, these interventions have demonstrated small 
increases in intake during the duration of the study, although the behavioral approaches providing 
the greatest increase in intake have not been clearly established. A systematic review of MEDLINE 
pubMed and psycINFO databases was conducted to identify all reported human intervention trials 
related to fruit and vegetable intake and behavioral approaches since 1995. Using predetermined 
limits and selection criteria, 65 manuscripts were identified, providing 57 study samples for inclusion 
in this systematic review.  

The most frequently applied behavioral approach was Stages of Change. Current evidence suggests 
that statistically significant change in fruit and vegetable intake is achieved with behavior-based 
interventions, as currently designed and delivered. Behavioral interventions in adult population 
samples resulted in increased fruit and vegetable intake averaging 1.06 servings/day; in older-adult 
intervention studies, the same mean change in intake was suggested. Interventions involving minority 
adults demonstrated a mean increase in daily fruit and vegetable consumption of 0.9 servings. In 
studies of low-income groups, only 3 of the 5 studies provided daily serving data, and the average 
increase in fruit and vegetable intake was 0.15 servings/day. Behavioral interventions in children have 
demonstrated an average increase in intake of 0.65 servings/day. worksite interventions generally 
demonstrated less of an increase in mean daily fruit and vegetable intake, with a 0.54 increase in 
servings/day across 12 studies. There is limited evaluation of or current evidence for sustained 
change in fruit and vegetable intake with behavioral interventions. No studies have compared two 
or more specific behavioral theories with regard to differences in change estimates for fruit and 
vegetable intake. 

New and novel approaches are needed to more 
extensively evaluate behavior-based theories  
in relation to promoting significant increases in 
fruit and vegetable consumption in Americans. 
Efforts to integrate behavior-based strategies 
with social marketing, social networking, 
and/or technology-based behavioral control 
should be more extensively pursued in order 
to increase fruit/vegetable intake in the 
population, beyond what is achieved with 
current, behavioral-based interventions alone. 
Finally, achieving and sustaining fruit and 
vegetable intake at currently recommended 
levels across the population will require 
stronger interventions, coupled with other 
approaches including efforts to address 
taste, convenience, availability and access, 
competitive foods, and value perceptions.
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INTRODUCTION
For the past several decades public health policy statements have called for an increase in fruit and 
vegetable consumption among U.S. adults and children (Healthy people 2010, Dietary Guidelines 
2010). The rationale for promoting greater fruit and vegetable intake ranges from reduced risk for some 
cancers (wCRF/AICR, 2007), reduction in blood pressure (Savica, 2010), reduced cardiovascular 
risk (Chen, 2010), reduced inflammatory symptoms in those diagnosed with rheumatoid disease 
(pattison, 2004), and possibly reduction in body weight (Astrup, 2008), or adiposity (LeDoux, 2010). 

Numerous programmatic approaches have been evaluated in an effort to identify the most effective 
strategies for increasing regular fruit and vegetable intake (CDC, 2010). These include, but are not 
limited to, worksite wellness programs (Soler, 2010), computer-tailored interventions (Neville, 2009), 
school-based interventions (e.g., 5-a-day power play), church-based and other community-based 
programs (Girl Scouts, YMCA/YwCA, etc.), food policy councils/changed environments and access 
(CDC, 2010), counseling-based interventions, as well as healthcare interventions targeting primary 

prevention of disease or interventions among high-risk individuals 
diagnosed with a specific disease.  

Despite scientific support of the potential to improve overall health, 
including a significant reduction in chronic disease such as cancer, 
type II diabetes, hypertension, and stroke (Dietary Guidelines, 2005), 
as well as cardiovascular disease (Dauchet, 2006; Oude Griep, 2010), 
average daily intake of fruits and vegetables remains well below 
recommended levels (pBH, 2005; Kimmons, 2009). The 2005 Dietary 
Guidelines for Americans set recommended fruit and vegetable 
intake levels of 2 cups fruit and 2.5 cups vegetables per 2000 calories 
consumed (DG, 2005). Average intake of fruits and vegetables in U.S. 
adults appears to be relatively stable at approximately 1.13 cups of 
vegetables and 0.68 cups of fruit daily (pBH, 2005); recent NHANES 
data suggest that 2.2% of adult males and 3.5% of adult females are 
meeting current recommendations for daily intake of vegetables and 
fruits (Kimmons, 2009). 

Beyond the population data, a review of the literature regarding the 
effectiveness of select interventions to enhance fruit and vegetable 
intake in adults reported average changes in intake ranging from no 
improvement to a high of 4.9 servings daily in the Lyons Heart Study 
that employed a Mediterranean diet intervention (pomerleau, 2005). 
On average, however, intake changed by less than 1 serving per day, 
consistent with findings of a 2002 systematic review (Ammerman, 
2002). Another review of programs targeting greater fruit and 
vegetable intake in children reported changes in intake ranging from 
a 0.3 serving decrease in intake (Gimme 5) over 6 weeks to an increase 

of 0.99 servings/day (High 5 project) over 4.5 weeks for these classroom-delivered, curriculum-based 
interventions (Knai, 2006). while these reviews provide some optimism that targeted interventions 
increase fruit and vegetable intake in the study population for the duration of the intervention, it is 
not clear that current behavior-based interventions achieve intake at or above recommended intake 
levels or that improvements in fruit and vegetable intake can be sustained over time. Behavioral 
interventions need to be optimized and strengthened as well as combined with other approaches in 
order to establish habitual intakes at levels recommended for health.

To address the gap in fruit and vegetable intake versus recommendations (DG, 2005), the National 
Fruit and vegetable Alliance (NFvA), a partnership of public and private organizations led by 
produce for Better Health and The Centers for Disease Control and prevention, developed the 2005 
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A review of the 
currently available 
literature suggests 
that habitual intake of 
fruit and vegetables 
in the U.S. population, 
at an intake level 
that meets current 
recommendations, 
will require significant 
changes in food 
choices.

National Action plan (pBH, 2005). This plan identified over 75 strategies to promote increased fruit 
and vegetable intake. This effort has likely contributed to the more recent expansion of research 
focused on community-based interventions to increase fruit and vegetable consumption, as well as 
interventions grounded in behavioral theory. Further, a 2010 gap analysis provides evidence that 
the current governmental spending priorities are not consistent with or sufficient to meet current 
recommendations for increased fruit and vegetable consumption in the U.S. population (pBH, 2010).

A review of the currently available literature suggests that habitual intake of fruit and vegetables in 
the U.S. population, at an intake level that meets current recommendations, will require significant 
changes in food choices. Targeting behavior change using recognized behavioral theories or 
constructs for change is not new. And, while behavior change may be challenging, especially at the 
population level, it is possible, as has been demonstrated in relation to smoking cessation in the U.S. 
(NHIS, 1965-2009).  In fact, a 2002 review of the evidence supporting the success of behavioral-
based interventions demonstrated a median increase in fruit and vegetable intake of 17% when 
intervention group intake was compared with control (Ammerman, 2002).  This suggests that 
behavior-based interventions, defined as interventions that employ an accepted behavioral theory 
or construct (Table 1), generally result in a significant increase in fruit and vegetable consumption. 

Several common behavioral theories and approaches have been employed to promote change in 
health behavior, including greater fruit and vegetable intake (Table 1). Interventions that apply 
behavior theory are delivered, using a variety of delivery settings (schools, churches, community 
centers, healthcare organizations, etc.), as well as with a diversity of approaches including face-to-
face counseling, telephone-based delivery, printed materials (including tailored and non-tailored 
documents), and more recently, computer-based, technology-driven strategies for delivery of 
interventions targeting behavioral change. 

The purpose of this systematic review is to provide a description of 
selected literature reporting the effect of behavior-based interventions 
on fruit and vegetable consumption, including special subgroups 
within the population such as children and minorities. Although the 
initial intent was to identify “best practices” in relation to behavioral 
approaches/theories applied and reported change in fruit and/or 
vegetable intake, the lack of consistency and detail in reported study 
design made this aim unachievable at this time. Finally, the evaluation 
of reviewed evidence is used to identify gaps in current approaches 
and to suggest future directions for behavioral-based interventions 
research. 

METHODOLOGY
This systematic review was compliant with current recommendations 
of pRISMA (preferred Reporting Items for Systematic Reviews and 
Meta-analysis Approach) in reporting the evidence in a specific topic 
area (Liberati, 2009; Moher, 2007). Systematic reviews are highly relevant to nutrition science in 
that they are commonly used to determine efficacy of interventions, identify research needs and 
priorities, formulate dietary guidelines, establish reference intake amounts, formulate practice 
guidelines, and evaluate applications for food labeling and/or health claims by the food industry 
(Lichtenstein, 2008).

This systematic review included the search engines MEDLINE pubMed and psycINFO and 
employed the search terms fruit, vegetable, and behavior change, and set limits for the search to 
include only human, English, clinical trial, randomized controlled trial, and studies with publication 
dates from 1995 to 2010. An additional 14 studies were identified through select citation references 
and consultation with experts in the field. To focus the results on studies of greatest relevance with 
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reviews provide 
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targeted interventions 

increase fruit and 
vegetable intake in 

the study population 
for the duration of the 

intervention, it is  
not clear that  

current behavior-
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intake levels or  

that improvements 
in fruit and vegetable 

intake can be 
sustained over time. 

regard to the health promotion in the United States, the following study criteria were applied as 
exclusionary criteria: Non-U.S. studies, studies of subjects with a specific clinical diagnosis (e.g., 
cancer, hypertension, diabetes, obesity, etc.), and observational association studies. Further, an 
emphasis was placed on randomized controlled trials given the superior study design and reduced 
bias of such designs. To promote the inclusion of studies with ample statistical power to test the 
null hypothesis, studies were only included if they employed a randomized, controlled design 
and included more than 30 participants or were descriptive pre-post, single-group interventions 
enrolling more than 80 participants, as these are common sample size cut-offs used to establish 
effect size in research studies for which statistical effect size is not clearly established. Studies that 
enrolled individuals with a prior medical diagnosis that could alter motivation for change in fruit 
and vegetable intake were excluded because reported change in behavior in these samples would 
potentially reflect a motivation for behavior change (i.e., reduced risk for disease recurrence, co-
morbidity, etc.) beyond what was intended in relation to study design. On occasion a second citation 
for the same study is listed. In these cases the second citation was generally used to further describe 
the study characteristics or to provide supplemental findings relevant to the fruit and vegetable 
intake and/or behavioral theory constructs.

Data abstraction for this systematic review was completed in duplicate; 98% of the studies were 
identified across both data extractions. The review focused on the suitability of the study design 
and the described study intervention and execution. Importantly, only behavior-based interventions 
(studies explicitly reporting the behavioral theory or construct used) for which fruit and vegetable 
intake was a measured outcome were included. Absolute change in total fruit and vegetable intake 
was considered the optimal measure of outcome. This exposure was estimated using the formula: 
(Intervention post – Intervention pre) – (Control post – Control pre). when studies did not include 
a control/comparison group, the outcome measure of interest was (Intervention post  - Intervention 
pre), and when baseline measures were not clear, the outcome of interest was (Intervention post – 
Control post). These guidelines are consistent with approaches reported for use in systematic review 
of literature targeting health outcomes other than total fruit and vegetable intake (Soler, 2010).

Studies not explicitly describing an applied behavioral theory or construct were excluded, as were 
all studies in which estimates of fruit and vegetable intake were not provided as an outcome. Fruit 
and vegetable intake was reported as servings/day in all but one study. Fruit and vegetable intake was 
measured using an array of methods, but most commonly either quick fruit and vegetable screeners 
or a food frequency questionnaire was administered and intake was quantified in servings/day.  

Studies were reviewed for specific data on population sample characteristics, study design (including 
interventions and behavioral theories and constructs applied), outcome measurement instruments, 
and time points for measurement; results with regard to fruit and vegetable intake are summarized 
in table format when available. Results are categorized for the following subsamples: healthy adults, 
older adults, children, minority and low-income populations, and employees in the workplace.

LITERATURE REvIEw
As shown in Figure 1, 65 citations from 57 studies were considered for inclusion in this systematic 
review. Clinical disease diagnosis of the sample population was the most common exclusionary 
criteria applied, followed by non-U.S. study samples. All but one randomized controlled trial met 
the sample size criteria (n=<30 subjects). The majority of studies were randomized controlled trials; 
only six studies were non-randomized, single group, prospective measure design (Eun-Jeong, 2009; 
Shankar, 2007; Klassen, 2008; Blom-Hoffman, 2004; Auld, 1999; Heim, 2009). The majority included 
a usual care, no contact, or delayed intervention control group, although some provided minimal 
intervention as control (Alexander, 2010; walker, 2009; Djuric, 2010; Haire-Joshu, 2008; Foerster, 
1998; Thompson, 2009; Haire-Joshu, 2003; Resnicow, 2008; Resnicow, 2009; wolf, 2009; McCarthy, 
2007; Feldman, 2000; Nitzke, 2007; Sorenson, 1998; Kim, 2010; Sorenson, 2005).
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. . . behavior-based 
interventions, defined 
as interventions that 
employ an accepted 
behavioral theory or 
construct (Table 1), 
generally result in a 
significant increase 
in fruit and vegetable 
consumption.

Figure 1. Systematic review process for behavior-based interventions targeting change in fruit and 
vegetable (f/v) intake in U.S. sample populations, guided by Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA).

 Behavioral Theories and Constructs

Stages of Change Construct and Social Cognitive Theory
Several behavioral theories and constructs have been applied in intervention trials targeting an 
increase in fruit and vegetable intake (Table 1). In the studies included in this systematic review, 
the Transtheoretical Model (TTM) and specifically the Stages of Change construct was the most 
frequently applied behavioral approach in study design, followed by Social Cognitive Theory (SCT). 
For several studies Stages of Change was used as a baseline measure from which interventions 
were tailored for delivery. A few studies evaluated individuals to identify their stage of change 
(pre-contemplation through action) in relation to overall change in fruit and vegetable intake. 
Results were inconsistent: some studies showed that the stage an individual reported at study 
enrollment informed on outcome (Cullen, 1997; Feldman, 2000; Do, 2008) and others showed no 
association with outcome and/or participation in study activities (Delichatasios, 2001; Resnicow, 
2003; Campbell, 2004). Similar inconsistent results were reported in studies testing the association 
between change in intake and self-efficacy (Carcaise-Edinboro, 2008; wilson, 2002; Heim, 2009; 
Fuemmeler, 2006; Sorensen, 2007). At least one study in children suggested that parental change 
in intake influenced intake in preschool-aged children (Haire-Joshu, 2008). High autonomy was 
associated with increased intake in one study of African American adults (Resnicow, 2008). 

Records identified through MEDLINE  
(PubMed) and PsycINFO (n=178 + 44) 

Additional records identified  
through other sources (n=14)

Records after duplicates  
removed (n=210)

Records removed (Non US)  
(n=53)

Records removed (Disease)  
(n=64)

Records removed (f/v intake  
not an outcome) (n=33)

Records removed (behavior  
theory not tested) (n=8)

Records included in systematic  
review (n=65)

Randomized control trial  
< 30 participants (n=1)
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Motivational Interviewing
Motivational interviewing (MI) was another commonly employed construct across the subgroups 
of study populations examined. when applied, MI seemed to consistently result in an increase 
in the target behavior (Bowen, 2009; Stevens, 2003; Alexander, 2010; Satia, 2001; Richards, 2006; 
Emmons, 2005; Greene, 2008; Resnicow, 2001; Elliot, 2007), with the exception being a study of 
423 African American adults (Resnicow, 2008). However, in a study by wilson et al. wherein Social 
Cognitive Theory (SCT) and SCT plus MI intervention groups were compared, results suggested 
that the combination of theoretical approaches was not more effective than SCT alone. Both groups 
demonstrated a significant improvement in intake as compared to the comparison, education-only 
group (wilson, 2002).

 Fruit and Vegetable Change by Sub-groups of Study
Results of the systematic review are presented in Tables 2 through 7, categorizing findings by age 
(adults or children), as well as for special populations such as older adults and studies targeting  
low-income or minority enrollment. worksite interventions are also presented in a separate table.

Most studies provided demographic data to describe the study population, although not consistently. 
Relevant to this review, studies varied in regards to providing detailed description of the behavior 
theories and/or constructs applied. They also varied in terms of the selection of dietary intake 
instruments used to measure fruit and vegetable intake. Most of the studies did report using the 
USDA National Database System to quantify intake and applied standardized measures of serving 
size for estimation.

Healthy Adults
Table 2 summarizes studies of behavioral interventions promoting fruit and vegetable intake to 
healthy adults. Nine studies were identified for inclusion, with sample sizes of 80 to 2200+. Of the 7 
studies reporting outcomes in servings/day, all showed some increase in fruit and vegetable intake 
above control condition (Bowen, 2009; Stevens, 2002; Alexander, 2010; woodall, 2007; Kristal, 

2000; Ha, 2009; Richards, 2006; Delichatasios, 2001; 
Carcaise-Edinboro, 2008). In a study by Emmons in 
2005 the intervention resulted in a 3% increase in 
percentage of the population achieving intake levels 
of 5 servings daily. Across the studies reported here 
for healthy adults, participation in the interventions 
was associated with an average increase in intake of 
1.06 servings of fruits and vegetables per day.  Similar 
results also were shown in the additional studies that 
enrolled older adults where average intake increased 
by 1.06 servings/day (Table 3).

Children
In addition to interventions in adults, numerous 
studies have also been conducted in children (Table 
4). In the studies included in this systematic review, 5 
interventions provided null results and the remaining 
12 indicated a significant change in fruit and vegetable 
intake over time, when comparing intervention to 
control groups. Across all studies, the change in intake 
ranged from no change to an increase of 2.7 servings 

daily, with an estimated average increase in intake in the intervention groups of +0.65 servings per 
day. Of the 15 studies reporting outcomes as servings/day, all but 3 demonstrated some rise in intake 
with behavioral interventions.
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increase required to 
achieve recommended 
levels of fruit and 
vegetable intake.

Minority and Low-Income Populations
Studies that sampled minority (Table 5) and low-income populations were also described (Table 6). 
In these 9 studies the application of behavioral theory tended to be broader and to include such 
theories as Social Ecological Theory, Self-Determination Theory, and Ethnic Identity Theory as 
complementary to the more commonly applied theories. Of these 9 studies, one 1 reported null 
results. The average reported change in fruit and vegetable intake in minority studies was +0.9 
servings per day, slightly below estimates of the general adult sample populations. Results of studies 
in low-income adults, for which 3 of the 5 studies reported fruit and vegetable intake in servings/day, 
demonstrated an increase for intervention group participants of +0.15 servings per day. 

Employees in the Workplace
Employees at worksites are an additional subgroup that is commonly studied in regards to promoting 
change in fruit and vegetable intake using behavioral strategies. Thirteen different worksite behavior-
based interventions are described (Table 7). In these studies the Social Ecological Model, Activation 
Theory, and Social Contextual Theories are more commonly applied. Seventeen percent of the 
worksite studies suggested there was a statistically significant increase in fruit and vegetable intake 
with behavioral-based intervention. The mean increase ranged from 0.0 to 1.52 servings/day.

KEY FINDINGS FROM LITERATURE REvIEw
 Behavior-Based Interventions Increase Fruit and Vegetable Intake

The studies reviewed in this systematic review were published between 1995 and 2010 and used 
behavioral theories and constructs for changing intake of fruits and vegetables. This review included 
57 studies that used behavior-based interventions delivered to a variety of study population samples 
with variable intensity, duration, and outcomes. The results of these studies suggest that behavior-
based interventions generally result in a statistically significant increase in fruit and vegetable 
consumption. However, the absolute change in fruit and vegetable intake compared to baseline 
intake or control group intake tends to be small, in comparison to the increase required to achieve 
recommended levels of fruit and vegetable intake, according to national policy statements (DG, 
2005). Mean fruit and vegetable total intake in the adult trials evaluated ranged from a low 0.77 
servings/day to a high of 5.4 servings/day. Even with a mean average increase of 1.05 servings/day, 
the overall mean intake would remain well below recommended intake levels (Kimmons, 2009). 
Additionally, it remains unclear if an increase in intake averaging 1.05 servings per day, even if 
adopted habitually, would provide significant protective effects in relation to disease risk; empirical 
evidence suggests that it may (DG, 2005, and 2010). 

 Variety in Fruit and Vegetable Intake Increases Consumption
Beyond quantity of intake, variety of fruit and vegetable consumption is another important factor in 
terms of efforts to increase fruit and vegetable intake to improve health. Further, promoting variety has 
been a useful strategy in expanding fruit and vegetable intake, especially for children, and recent media 
campaigns increasingly include variety messaging (e.g. Fruits & veggies—More Matters®). variety is 
seldom evaluated in dietary behavioral-change interventions; in fact only one of the studies specifically 
evaluated change in intake in relation to the variety of fruits and vegetables consumed over the course 
of the intervention. In the study by Heim et al. conducted at a YMCA summer camp, a behavioral 
intervention grounded in Social Cognitive Theory and addressing self-efficacy, role playing, and goal 
setting, resulted in significant change in variety of fruit and vegetable intake (Heim, 2009). The lack 
of emphasis on variety as a modifiable outcome for these behavioral studies is of interest, especially 
given the importance of variety to optimize exposure to healthful nutrients and bioactive compounds 
found in fruits and vegetables. Of note, some studies did describe pre-established reporting criteria 
that called for exclusion of high-fat vegetables in the quantification of total fruit and vegetable intake, 
suggesting nutritional quality was considered but not explicitly evaluated. 
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In a review by  
Shaikh in 2008, 

self-efficacy, 
social support, and 

knowledge were 
determined to be 

the most consistent 
predictors of  

change in fruit and  
vegetable intake.

 Nutritional Quality of Food Intake is Important 
One aspect of fruit and vegetable variety relates to the nutritional quality of specific food items. 
For example, deep-fried potatoes or cauliflower may provide some nutritional density, but do so 
in the context of an increase in dietary fat intake that may be a less desirable outcome for dietary 
change. Importantly, only one of the studies included an evaluation of the nutrient quality of the 
fruits and vegetables consumed. In this study of Boy Scouts, total and low-fat vegetable intake were 
both outcome measures. Of interest, an increase in overall fruit and vegetable intake, but not low-fat 
vegetable intake, was demonstrated in response to the intervention (Thompson D, 2009). 

 Clustering of Healthy Behaviors Promotes Positive Behavior Change
There is evidence that healthy behaviors, including greater fruit and vegetable intake, tend to cluster 
in and among individuals and groups. In other words individuals who eat more fruits and vegetables 
also report other healthy lifestyle choices, including the decision not to smoke tobacco, a higher 
level of daily physical activity, and attention to weight control (De vries, 2008). Among “Healthy 
choices” and “Eating well” clusters, programs targeting greater intake are less likely to demonstrate 
a significant increase in intake, since intake is commonly at or above recommended intake levels 
at the time of study initiation for those individuals. Methods need to be considered or developed 
to promote enrollment of individuals described as “Average American” or as being in the “Most 
challenged” cluster that is comprised of individuals demonstrating the greatest need to increase 
intake (Reedy, 2005). Many of the studies represented in Reedy’s systematic review targeted several 
behaviors simultaneously. It remains to be determined whether the clustering of healthy behaviors 
makes sense in terms of the magnitude of change that can be expected, either short- or long-
term. In this review no studies included efforts to target an increase in fruit and vegetable intake 
in combination with improvements in other health behaviors (i.e., diet, physical activity, smoking 
cessation, etc.). Testing of such multifaceted interventions, as well as assessing change in multiple 
health behavior outcomes in future behavioral research, could be informative in terms of identifying 
the optimal study design for short- and long-term health behaviors research.

 Study Limitations Cited in Behavior-Based Intervention Research
Several limitations in design are common to behavior-based intervention research and were notable 
in the studies reviewed. First, every study in this systematic review used a self-report of dietary 
intake to measure change in fruit and vegetable servings over time or across treatment groups. 
Social desirability constructs would suggest that self-reported fruit and vegetable intake may be 
overestimated, particularly in the intervention group over time. plasma carotenoid concentrations are 
an accepted biological marker to validate fruit and vegetable intake/exposure; however, correlation 
with actual intake remains modest (p=0.02-0.7) (Natarajan, 2006). These measures also add to 
participant burden and study costs. Further, the self-reported instruments varied in terms of total 
number of items, details regarding frequency of intake, time period for intake estimates, etc. This may 
be an issue when making comparisons across studies, in that a larger number of fruit and vegetable 
items generally will result in greater reported intake. The NCI Fruit and vegetable Screener was 
the most frequently reported instrument for outcomes measurement related to fruit and vegetable 
intake, although several studies modified the instrument. Standardization of measurement would 
help to support a more formal meta-analysis of dietary change response across studies in the future. 

 Unclear Link Found Between Behavior Theory/Constructs and Efficacy
An additional limitation to this body of evidence is the lack of clear linkage between the behavioral 
theory and/or constructs used and the intervention administered. while some studies explicitly 
explained the theoretical underpinnings and constructs applied, as well as the specifics of application 
in terms of materials development, delivery approaches, rationale, and/or behavioral measurements, 
in almost half of the studies reported, the behavioral theory was described only briefly. It was also 
not uncommon for studies to report using a number of behavioral theories and constructs during 
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the intervention, yet for many it was unclear when and how each construct was applied. Thus the 
capacity to evaluate the efficacy of one approach over another or to prioritize one versus another was 
not possible.

A few studies did administer behavioral scales pre- and post-
intervention with the purpose of identifying behavioral variables 
that may act as mediators of change in fruit and vegetable intake.
An example is a study of African American church members 
(Fuemmeler, 2006) in which the administration of several 
behavioral questionnaires used to assess autonomy, controlled 
motivation, social support, and self-efficacy allowed the authors 
to determine what behavioral constructs are most relevant to 
change in fruit and vegetable intake. In this case, the authors 
estimated that social support and self-efficacy mediated 20.9% 
of the change in intake, thus indicating that these constructs are 
highly relevant when designing interventions to change fruit 
and vegetable intake in African American church members. 
Of interest, autonomous motivation was not identified as a 
significant mediating variable in this study, but it was in a separate 
study of 423 African American adults (Resnicow K, 2008). 

Another intervention study demonstrated that change in fruit 
and vegetable intake was associated with movement to higher 
stages of change at 3 months only and that completion of 
motivational interviewing telephone calls, as well as intrinsic 
and extrinsic motivation, was associated with increases in 
fruit and vegetable intake (Satia, 2001). However, the EatSmart 
study (Delichatasios, 2001) found that stage of change at baseline did not inform on change in fruit 
and vegetable intake over time nor did it inform on results in a CD-ROM tailored intervention 
(Campbell, 2004). Behavioral constructs were also not associated with change in fruit and vegetable 
intake in the TEENS study (Birnbaum AS, 2002). A worksite study in Massachusetts suggested that 
more supportive social norms and self-efficacy were associated with larger increases in intake of 
fruits and vegetables, depending on type of worksite (Sorensen, 2007). Unfortunately for the large 
majority of the research selected for inclusion in this systematic review, behavioral constructs were 
not specifically evaluated in terms of how their use informed on intervention success.

 Best Practices Difficult to Identify 
Separate from the intervention trials reviewed for this analysis, behavioral dietary research has also 
described psychosocial correlates of dietary behavior change, although models of change generally 
show low predictiveness (Baranowski, 1998), suggesting a complexity and individuality of eating 
behavior that warrants integrated approaches targeting several theoretical models and behavioral 
constructs. In a review by Shaikh in 2008, self-efficacy, social support, and knowledge were 
determined to be the most consistent predictors of change in fruit and vegetable intake. Lower, but 
plausible predictive values were related to barriers, intentions, attitudes, beliefs, stage of change, and 
autonomous motivation (Shaikh, 2008). 

The lack of consistent results in achieving significant behavior change in relation to fruit and vegetable 
intake, when similar behavioral theories and/or constructs are applied, is of concern and makes 
the identification of “best practices” impractical based on the current body of evidence. However, 
there is a growing body of evidence from which some inferences can be made. For example, the 
Stages of Change construct appeared to inform on expected change in behavior and/or the need for 
greater intensity of intervention to achieve the desired change in some studies. In addition, evidence 
suggests that Motivational Interviewing is an effective behavioral tool to promote an increase in fruit 
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and vegetable intake overall, although caution should be exercised when applying this approach for 
minority populations, as the data testing this theory in minority populations are sparse. Additionally, 
there are select theories and constructs that have been shown to be generally effective for weight 
control, such as self-monitoring (Burke, 2011), implementation intentions, or goal setting that have 
not been evaluated in relation to fruit and vegetable intake. Several other promising constructs and 
theories have yet to be evaluated in relation to fruit and vegetable intake, including constructs like 
hypocrisy and optimistic bias, as well as select behavioral theories such as Social Modeling Theory 
and Media Exposure Theory.

ALTERNATE AppROACHES TO BEHAvIORAL-INTERvENTION 
Currently less than 25% of the U.S. adult population consumes 5 or more servings of fruits and 
vegetables daily, and overall intake has changed little over the past decade (Kimmons, 2009; Blanck 
2008). The overall effectiveness of behavioral interventions to increase fruit and vegetable intake, 
as evaluated in this systematic review, indicates that the estimated increase in fruit and vegetable 
intake using these approaches will be modest given the current evidence. Efforts to identify alternate 
approaches to be applied at the individual, community, and/or population level are necessary to 
promote optimal intake. 

 National Action Plan Strategies
Among the more comprehensive reports addressing the issue of increasing fruit and vegetable intake 
in the U.S. is the National Action Plan to Promote Health Through Increased Fruit and Vegetable 
Consumption, a 2010 Report Card. This comprehensive report summarizes the current status of 
fruit and vegetable intake and further describes several approaches to be considered and potentially 
adopted at the individual, community, and population levels to increase consumption of fruits and 
vegetables (NFvA, 2010). while some of the proposed changes require governmental funding (i.e., 
food and nutrition education assistance programs), many suggest that partnerships between and 
among influential organizations will be imperative to achieve and sustain greater fruit and vegetable 
intake. Approaches that could be considered include but are not limited to enhanced point-of-purchase 
efforts to educate and influence purchasing, accessibility to and diversity in sites of purchase, increased 
palatability, as well as increased convenience (CDC, 2010). Certainly, these approaches would need to 
be evaluated to determine effectiveness over time.

 Health Beliefs Model
Another alternative approach to increasing fruit and vegetable intake was described in a 2007 review 
suggesting that health communication campaigns have significant potential to improve community 
health behaviors, including fruit and vegetable consumption (Snyder, 2007). Specifically the review 
suggested that there is a need to formulate nutrition communication campaigns that tailor messaging 
at the community level and that messages targeting intrinsic and extrinsic motivation are most likely 
to impact change in relation to fruit and vegetable consumption. The application of the Health 
Beliefs Model including risk perception has been an effective approach for select health behaviors 
such as smoking, but may or may not be effective for increasing intake of fruits and vegetables in the 
general population, as perceived risk may be much lower. This approach also could work for those 
with a real or perceived risk of chronic disease (Ammerman, 2002). 

 Social Ecological and Social Contextual Theories  
Fruit and vegetable intake was associated with the use/employment of interventions based on 
Social Ecological and/or Social Contextual Theory in several of the randomized, controlled studies 
examined, including the Rural physicians Cancer prevention project (Carcaise-Edinboro, 2008), the 
Health Centers Study (Emmons, 2005), the Health works study (Campbell, 2002), the wellworks 
Study (Sorenson, 1998), the Small Business study (Sorenson, 2005), Tools for Health Study (Sorenson, 
2007), and the High 5, low-fat intervention in African American parents and preschoolers in 
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Missouri (Haire-Joshu, 2003). Several of these studies targeted worksites and employees within a 
select job classification. In these studies the social behavioral theories used may have demonstrated 
different results than what would be expected from studies enrolling participants beyond a select 
worksite, although no comparative studies were found to evaluate for these potential differences. 

 Social Marketing Applications
The results of this review did not identify studies that relied on social marketing as an outreach 
application of Socioecologic and Social Contextual Theories to increase fruit and vegetable intake. 
Yet, a 2006 report suggested there is “strong evidence” for the effectiveness of social marketing to 
change diet behaviors (McDermott, 2006). Further, limited studies using social marketing have 
demonstrated an effect, whether or not the messaging is framed in a positive light (van Assema, 
2001). Mass media communications to promote fruit and vegetable intake are limited and generally 
lack specific behavioral theoretical underpinnings. Social marketing may provide a complementary 
approach to promote greater fruit and vegetable intake. Such combinational approaches will need to 
be strategically evaluated (Abbatangelo-Gray, 2007).

 Technology 
Several studies are currently underway to assess the role of technology (i.e., internet applications, 
web-based behavior tracking sites, cellular phone messaging of health communications, etc.) 
in evoking dietary change, including increased intake of fruits and vegetables. These approaches 
should not only consider process and outcome evaluation, but should also integrate behavior theory 
and constructs to enhance uptake and/or adherence to these new technology-driven approaches. 
Important questions such as age-appropriateness, demographic influences, social influences, and 
dose will need to be addressed before optimal prescriptions for these interventions can be developed.

 Early Childhood and Development of Healthy Habits
Establishing behaviors early in life has been shown to sustain behaviors into adulthood. The national 
parents As Teachers (pAT) program employed a parent role-modeling approach, and outcomes 
from the program are beginning to demonstrate success for short- and longer-term change in eating 
behaviors when healthy eating habits are introduced and modeled early in life (wagner, 1999). 
while children are a focus of much of the research examined, even greater 
efforts to formulate healthy habits such as regular, varied intake of fruits 
and vegetables in early life are needed. Additional research and resources 
should be directed toward early life exposures, including increasing intake 
in pregnant and lactating women and young mothers, as well as introducing 
infants and toddlers to fruits and vegetables of a wider variety and on a 
more frequent basis.

CONCLUSION
This systematic review suggests that statistically significant increases in fruit 
and vegetable intake are demonstrated when behavior-based interventions 
are employed. However, these increases in fruit and vegetable intake are 
small compared to that necessary to achieve recommended intake levels 
(DG 2005). Among the most supported are interventions applying Motivational Interviewing or 
Stages of Change at the individual level and Social Ecological or Social Contextual Theories at the 
group (e.g., worksite, church) level. Only with a multifaceted approach that integrates individual, 
group, governmental, industry, and social involvement and includes all ages, including early life 
exposure, is it expected that substantial and clinically relevant improvements in fruit and vegetable 
intake will be achieved. Achieving and sustaining fruit and vegetable intake at currently recommended 
levels across the population also will require stronger interventions that are strategically combined 
with other approaches, including efforts to address taste, convenience, availability and access, and 
competitive foods, as well as enhance the perceived value of habitually adopting this behavior.
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