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Abstract
Background: The aim of this study was to develop and validate a decisional balance tool for assessing
the perceived bene�ts and barriers of vegetable intake in adults.

Methods: Our study comprised 379 adults aged 20–70 years (mean age: 30.5 ± 12.6 years; men: 21.4%).
Data (demographic parameters, vegetable intake, stage of change) were collected via a web-based
survey. The decisional balance score was calculated by subtracting the score for perceived barriers from
the score for perceived bene�ts.

Results: The �nal 24 items in our questionnaire had a two-domain (“pleasure” and “healthy” for perceived
bene�ts) or three-domain (“not attractive,” “low priority,” and “hard to get” for perceived barriers) structure
with high internal consistency (Cronbach’s alpha: 0.82, 0.79, 0.82, 0.76, and 0.76, respectively). The
intraclass correlation coe�cient in a test-retest reliability study was high (0.77). The decisional balance
score positively correlated with the number of vegetable servings as the external parameter (Spearman's
correlation: 0.461; P <0.001).

Conclusions: Our questionnaire is a valid and reliable tool for assessing the pros and cons of vegetable
consumption in adults.

Background
Vegetable intake has widely accepted health bene�ts, including the prevention of diabetes, hypertension,
cancer, stroke, cardiovascular disease, and a reduction in all-cause mortality [1–3]. It is a commonly
recommended, non-pharmacological intervention, and is endorsed by most countries [4]; however, many
individuals do not consume enough vegetables to reap the bene�ts. The “5-a-day” message is simple and
encourages people in the UK to eat more fruits and vegetables [5]. In Japan, the recommended daily
intake of vegetables is 350 g or more, which exceeds that of fruits (200 g) [6]. The National Health and
Nutrition Survey in 2018 revealed that only approximately 30% of Japanese people (men: 30.7%; women:
27.0%) over 20 years of age eat �ve or more servings (SVs) of vegetables per day [7]. A standard serving
of vegetables is 70 g in Japan; therefore, �ve servings is equal to 350 g per day. The decisional balance
tool is a promotional tool that weighs the perceived pros (bene�ts) and cons (barriers) of a speci�c
behavior [8]. In ambivalent people, interventions affecting decisional balance tend to hinder commitment
to change [9]. There are several studies about decisional balance tools for vegetable intake. Shtaynberger
and Krebs reported that fruit and vegetable consumption was signi�cantly associated with decisional
balance pros, but not cons among 86 adult cancer survivors [10]. Wang et al. reported that fruit intake, but
not vegetable consumption, was negatively correlated with high perceived barriers to consumption [11].
Chuan et al. reported that pros scores positively correlated (Spearman correlation = 0.24) and con scores
weakly negatively correlated (Spearman correlation = -0.10) with daily servings of vegetables [12].
Therefore, a decisional balance tool with external validity is required to assess the pros and cons of
vegetable consumption. The aim of this study was to develop and validate a decisional balance tool,
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matched to the stage of change, to help diet consultants identify ways to increase vegetable
consumption in Japanese adults.

Methods

Participants and the web-based survey
Study participants were recruited between September 2017 and January 2018 from university and
vocational school student cohorts majoring in nutrition, medical staff, local area residents, and from
personal networks from several regions of Japan. A total of 398 individuals responded to a web-based
survey. Nineteen respondents were excluded as they did not meet the lower age limit of at least 20 years.
The �nal number of adults enrolled in this study was 379.

The web-based survey was a self-administered questionnaire that assessed demographic parameters
(age, body mass index, marital status, employment status, household income, residential situation),
vegetable intake per meal (breakfast, lunch, dinner, snack), stage of change (precontemplation,
contemplation, preparation, action/maintenance), decisional balance (perceived bene�ts and barriers),
the importance of vegetable intake, and con�dence (self-e�cacy) in eating �ve SVs of vegetables per
day.

The study protocol conformed to the ethical guidelines of the Helsinki Declaration, and the study design
was approved by the ethics committee of Kyoto Medical Center (18–095). Informed consent was
obtained from all participants prior to starting the survey.

Factor Analysis
The questionnaire was evaluated by �ve dietitians and three researchers to assess clarity and was
modi�ed on the basis of their comments.

After careful consideration of the input from the experts, and an examination of the existing scales, an
exploratory factor analysis was performed. Its purpose was to assess the validity of the items in the
questionnaire and to identify the factors that group the items. The questionnaire initially included 15
items related to perceived bene�ts and 15 items related to perceived barriers. Each item was scored on a
5-point Likert-like scale ranging from “strongly disagree” (1 point) to “strongly agree” (5 points).

The factor analysis involved Promax rotation of the retained items. Promax rotation maximizes the sum
of the variance of the squared loadings, where loading is de�ned as the correlation between the item and
the factor. It highlights a small number of key items, which simpli�es the interpretation of the results.
Interpretation of the rotated value involves the identi�cation of the items loaded on each retained factor,
the determination of the conceptual meaning of the items loaded on the same factor, and the conceptual
differences between the items loaded on different factors. The relationship of each item to the underlying
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factor is expressed by the rotated factor loading value. Pattern loadings with an absolute value of
approximately 0.35 or more were used to interpret the results.

Internal Validity
The items assessing perceived bene�ts and perceived barriers were tested for construct validity using the
Kaiser–Meyer–Olkin (KMO) test. A KMO value of approximately 1 is good, and a value of 0.6 is
acceptable. Items with KMO values < 0.5 (which indicates low communality) can usually be excluded
from the analysis [13]. The reliability of the questionnaire was evaluated using Cronbach’s alpha
coe�cient [14], which scores internal consistency as follows: <0.5, unacceptable; 0.5 to < 0.6, poor; 0.6 to
< 0.7, questionable; 0.7 to < 0.8, acceptable; 0.8 to < 0.9, good; and ≥ 0.9, excellent.

External Validity
Regarding the stage of change for vegetable intake, 10.6% of the participants were in precontemplation,
63.6% were in contemplation, 8.7% in preparation, and 17.1% in action/maintenance. The numbers of
SVs for the stages were 2.04, 2.23, 2.67, and 4.22, respectively (P for trend < 0.001). For each meal except
snacks, vegetable intake increased across the stages (P for trend < 0.001) (Table 2).

Figure 2. Pros and cons T-scores by stage of change.

The scores were presented as standardized T-scores (mean = 50, SD = 10).
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Table 2
Vegetable Intake and Decisional Balance Score by Stage of Changes

Stage of changes All

(n = 379)

PC

(n = 40)

C

(n = 241)

P

(n = 33)

A/M

(n = 65)

p

Vegetable intake, SV            

Breakfast 0.36
(0.48)

0.19
(0.29)

0.26
(0.38)

0.41
(0.46)

0.78
(0.63)

< 
0.001

Lunch 0.84
(0.58)

0.81
(0.55)

0.73
(0.53)

0.89
(0.46)

1.24
(0.64)

< 
0.001

Dinner 1.35
(0.79)

1.04
(0.58)

1.20
(0.68)

1.33
(0.55)

2.11
(0.95)

< 
0.001

Snack 0.05
(0.19)

0.00
(0.00)

0.04
(0.18)

0.03
(0.12)

0.10
(0.28)

0.013

Total / Day 2.59
(1.46)

2.04
(1.12)

2.23
(1.21)

2.67
(0.93)

4.22
(1.55)

< 
0.001

Bene�ts (pros),
points

Total

Pleasure

Healthy

4.00
(0.60)

3.92
(0.71)

4.08
(0.61)

3.66
(0.62)

3.55
(0.74)

3.77
(0.64)

3.95
(0.59)

3.85
(0.71)

4.04
(0.62)

4.16
(0.42)

4.12
(0.48)

4.21
(0.48)

4.32
(0.52)

4.31
(0.58)

4.33
(0.52)

< 
0.001

< 
0.001

< 
0.001

Barriers (cons),
points

Total score

Not attractive

Low priority

Hard to get

2.57
(0.76)

2.81
(0.82)

2.16
(0.96)

2.30
(1.09)

2.94
(0.61)

3.16
(0.64)

2.56
(0.93)

2.75
(1.19)

2.67
(0.72)

2.92
(0.77)

2.26
(0.97)

2.40
(1.09)

2.43
(0.71)

2.69
(0.82)

2.10
(0.88)

2.02
(0.91)

2.02
(0.77)

2.27
(0.88)

1.58
(0.76)

1.79
(0.94)

< 
0.001

< 
0.001

< 
0.001

< 
0.001

Values are the mean (S.D.). The decisional balance score consisted of twelve pro and twelve con items
scored from 1 to 5. PC (precontemplation, n = 40), C (contemplation, n = 241), P (preparation, n = 33), A/M
(action/maintenance, n = 65).

At each stage, there was a signi�cant difference between the T-scores for the pro items and con items
(Fig. 2).

The decisional balance score (the pro score minus the con score) was 0.72 for precontemplation, 1.28 for
contemplation, 1.73 for preparation, and 2.30 for action/maintenance (P for trend < 0.001). It increased in
both pro domains and decreased in all three con domains across the stages (P for trend < 0.001) and
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positively correlated with vegetable consumption (Spearman's correlation: 0.461; P < 0.001). The number
of vegetable SVs was directly proportional to the perceived bene�ts score and inversely proportional to
the perceived barriers score (Spearman's correlation: 0.324 and 0.435, respectively). Higher vegetable
consumption correlated with lower perceived barriers scores (odds ratio: 0.42; 95% CI: 0.26, 0.68) and
higher perceived bene�ts scores (odds ratio: 2.75; 95% CI: 1.40, 5.40).

For each increase in the number of vegetable SVs, the pros score increased by 0.76 (standard error: 0.12),
whereas the cons score decreased by 0.77 (standard error: 0.09). Interestingly, the effect sizes for the pro
and con items were similar (Hedges' g: 1.18 and 1.29, respectively).

Reliability Testing
Intraclass correlation coe�cients (ICCs) with 95% con�dence intervals (CIs) were used to assess test-
retest reliability by comparing the participants’ responses to the questions at two time points. The interval
between the test and retest was at least one week but less than four weeks. The ICCs were calculated
using a 2-way mixed model based on absolute agreement. Agreement was rated as suggested by Landis
and Koch [18] as follows: <0.00, poor; 0.00–0.20, slight; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80,
substantial; and 0.81–1.00, almost perfect.

Statistical Analysis
Each of the �nal 12 items in the pro and con categories was summed and standardized using T-scores
for ease of reporting. A trend analysis was used to examine the relationship of decisional balance to the
stage of change. Cronbach’s alpha coe�cient was used to determine the reliability of the factors (internal
consistency). ICCs were used to evaluate reproducibility. P values < 0.05 were considered signi�cant.
Hedges' g was used to categorize effect sizes as small, medium, or large (g = 0.20, 0.50, and 0.80,
respectively). All statistical analyses were performed using SPSS for Windows (IBM SPSS Statistics, ver.
20.0).

Results

Characteristics of the participants
Our study comprised 379 adults aged 20–70 years (mean age: 30.5 ± 12.6 years; men: 21.4%) with a
mean body mass index of 21.0 ± 2.8 kg/m2. More than two-thirds were single (71.2%), although most
lived with their families or others (67.3%). The annual household income was low (< 2 million yen) in
4.0%, middling (> 2 to < 6 million yen) in 24.5%, high (> 6 million yen) in 31.7%, and unknown in 39.8%.
The number of vegetable SVs per day was 2.59 ± 1.46; per meal it was 0.36 ± 0.48 (breakfast), 0.84 ± 0.58
(lunch), 1.35 ± 0.79 (dinner), and 0.05 ± 0.19 (snack).
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Overall, 237 participants (62.5%) were aware of the current recommendations for vegetable intake.
Awareness of the importance of, and con�dence (self-e�cacy) in, eating �ve SVs of vegetables per day at
each stage of change are shown in Supplemental Table S1. Both parameters differed signi�cantly across
the stage of change spectrum in a trend analysis (P < 0.05).

Factor analysis
Exploratory factor analysis using the Promax rotation was performed to verify construct validity and to
determine the factor structure of the bene�ts and barriers. Six items (three for perceived bene�ts and
three for perceived barriers) were excluded from the questionnaire owing to a factor loading value < 0.35.
For perceived bene�ts, the excluded items were “I feel guilty if I don't eat vegetables,” “Eating vegetables
pleases my family,” and “I drink vegetable juice as a part of meal every day” (questions 4, 10, and 15 on
the questionnaire, respectively). For perceived barriers, they were “I don't know what vegetables I should
buy,” “Eating vegetables takes time,” and “I don't have utensils for cooking vegetables” (questions 1, 5,
and 10 respectively). The �nal 24 items had either a 2-domain structure (“pleasure” and “healthy” for
perceived bene�ts) or a 3-domain structure (“not attractive,” “low priority,” and “hard to get” for perceived
barriers).

Internal validity
The KMO values for the 12 items in the perceived bene�ts category and the 12 items in the perceived
barriers category were good (0.887 and 0.876, respectively). The two domains for perceived bene�ts
(Cronbach’s alpha: 0.82 and 0.79, respectively) and the three domains for perceived barriers (Cronbach’s
alpha: 0.82, 0.76, and 0.76, respectively) had high internal consistency (Table 1).
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Table 1
Factors and factor loading values for vegetable intake

  Pros : Perceived bene�ts (Cronbach’s α = 0.87) Factor loading

  Pleasure (Cronbach’s α = 0.82)  

9 Eating fresh vegetables makes me feel better. 0.79

3 Vegetables are delicious. 0.77

8 Eating seasonal vegetables puts me in touch with the season. 0.71

14 A variety of vegetables makes eating enjoyable. 0.69

2 Eating vegetables refreshes my mouth. 0.51

5 I feel full after eating vegetables. 0.47

  Healthy (Cronbach’s α = 0.79)  

7 Eating vegetables improves my appearance (especially my skin condition). 0.75

12 Eating vegetables helps me stay healthy. 0.75

13 Vegetables are healthy because of low energy density. 0.60

6 Eating vegetables aids bowel movements. 0.48

1 Eating vegetables maintains a good physical condition. 0.40

11 Dishes with vegetables look appealing and colorful. 0.40

  Cons : Perceived barriers (Cronbach’s α = 0.87) Factor loading

  Not attractive (Cronbach’s α = 0.82)  

8 Vegetables are boring because of limited cooking methods. 0.73

3 Vegetables do not last long and cannot be used up well. 0.66

9 Cooking preparation for vegetables is time-consuming. 0.65

6 It is di�cult to buy the right amount of vegetables. 0.59

11 The vegetables I cook myself are not tasty. 0.47

13 Buying vegetables is not economical. 0.40

7 I do feel satis�ed after eating vegetables. 0.39

  Low priority (Cronbach’s α = 0.76)  

14 I do not eat vegetables when I have a late dinner. 0.82

15 I do not eat vegetables when I am tired. 0.73
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  Pros : Perceived bene�ts (Cronbach’s α = 0.87) Factor loading

12 I do not eat vegetables if there are other choices more to my liking. 0.50

  Hard to get (Cronbach’s α=0.76)  

4 It is di�cult to go to stores to buy vegetables. 0.79

2 I do not have time to buy or obtain vegetables. 0.70

The factor analysis was performed using the maximum likelihood method with Promax rotation of the
items in the bene�ts and barriers categories.

Test-retest Reliability
The test-retest reliability study had a high ICC (0.77).

Discussion
We developed and validated a decisional balance tool to assess the perceived bene�ts and barriers of
vegetable intake in adults. Our questionnaire had 24 items in two domains (“pleasure” and “healthy” for
perceived bene�ts) or three domains (“not attractive,” “low priority,” and “hard to get” for perceived
barriers) with high internal consistency. Our scales exhibited acceptable internal consistency reliabilities.
The Cronbach’s alpha coe�cients were 0.76–0.87, which is within the range previously reported for pro
and con items and process of change measurements in adults [18, 19].

The questionnaire prepared by Wang et al. had 16 items and �ve domains for perceived barriers
(“economic/distribution factors,” “family and self-preference,” “availability when eating outside the home,”
“personal judgment and awareness,” and “personal habits”), with Cronbach’s alpha coe�cients ranging
from 0.57 to 0.84 [11]. In that study, perceived barriers were not associated with vegetable consumption.
In contrast, our study showed a negative correlation between perceived barriers and vegetable
consumption (odds ratio: 0.42; 95% CI: 0.26, 0.68). Our study also revealed a positive correlation between
perceived bene�ts and vegetable consumption (odds ratio: 2.75; 95% CI: 1.40, 5.40). Hence, our scale is
useful for assessing the relationship between perceived bene�ts and barriers and vegetable intake.

In our study, the decisional balance score varied across the stages of change, which is consistent with the
�ndings of previous studies [20, 21]. Our participants had higher pro scores and lower con scores in the
later stages than in the earlier stages of change. For vegetable consumption, the perceived bene�ts began
to outweigh the perceived barriers between the contemplation and preparation stages (Fig. 2).

The principal-component analysis by Chuan et al. revealed the two components that best represented the
bene�ts (Cronbach's alpha: 0.86) and barriers (Cronbach’s alpha: 0.79) of fruit and vegetable
consumption [12]. They also reported that the pro and con scores crossed over between the
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contemplation and preparation stages and that the increase in the pros scores across the stages
corresponded to a medium effect size, whereas the decrease in cons scores corresponded to a small
effect size. In our study, for each increase in the number of SVs, the pros score increased by 0.76,
whereas the cons score decreased by 0.77. The effect sizes for the pros and cons items were similar
(Hedges' g: 1.18 and 1.29, respectively). Therefore, our scale is useful for assessing decisional balance.

This study has some limitations. First, it included only Japanese adults. Further investigation is required
to determine whether our results can be extended to other ethnic groups and children. Moreover, it will be
important to examine the willingness to eat vegetables at an earlier age. Second, we did not consider the
stage of change or decisional balance variations for different vegetable categories such as tuber, leafy,
and non-leafy. Finally, the data were self-reported by the participants and hence subject to recall bias.

Conclusions
Our �ndings suggest that our questionnaire is a valid and reliable decisional balance tool for assessing
the bene�ts and barriers of vegetable intake in adults. This tool may help guide and optimize
interventions aimed at in�uencing vegetable consumption.
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Figure 1

Number of SVs as a guide for vegetable intake.

Figure 2

Pros and cons T-scores by stage of change. The scores were presented as standardized T-scores (mean =
50, SD = 10).
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