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BACKGROUND/OBJECTIVES: Direct evidence for the effects of vegetable intake on weight loss is qualified. The study aimed

to assess the effect of higher vegetable consumption on weight loss.

SUBJECTS/METHODS: A single blind parallel controlled trial was conducted with 120 overweight adults (mean body mass
index = 29.98 kg/m?) randomised to two energy deficit healthy diet advice groups differing only by doubling the serving (portion)
sizes of vegetables in the comparator group. Data were analysed as intention-to-treat using a linear mixed model. Spearmans rho
bivariate was used to explore relationships between percentage energy from vegetables and weight loss.

RESULTS: After 12 months, the study sample lost 6.5+5.2 kg (P < 0.001 time) with no difference between groups (P>0.05
interaction). Both groups increased vegetable intake and lost weight in the first 3 months, and the change in weight was
significantly correlated with higher proportions of energy consumed as vegetables (rho=-0.217, P=0.024). Fasting glucose, insulin
and triglyceride levels decreased (P < 0.001 time) and high-density lipoprotein cholesterol levels increased (P < 0.001 time), with no
difference between groups. Weight loss was sustained for 12 months by both groups, but the comparator group reported greater
hunger satisfaction (P=0.005).

CONCLUSIONS: Advice to consume a healthy low-energy diet leads to sustained weight loss, with reductions in cardiovascular
disease risk factors regardless of an emphasis on more vegetables. In the short term, consuming a higher proportion of the dietary

energy as vegetables may support a greater weight loss and the dietary pattern appears sustainable.
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INTRODUCTION

Weight loss occurs when energy intake is less than energy
expenditure,’ and achieving an energy deficit remains the main
dietary target.*® The evidence for the specific impact of
vegetables is qualified. The 2013 Australian Dietary Guidelines
(ADG) review found suggestive evidence that vegetable
consumption is associated with a reduced risk of weight gain®
and the 2010 Dietary Guidelines for Americans found the
association was modest, but may be significant in the long
term.”> These positions may reflect difficulties with food-based
dietary trials.>” Randomised controlled trials provide the
appropriate basis for nutrition recommendations,® but for
demonstrating long-term effects there are problematic issues.
For example, dietary patterns may end up similar in control and
intervention groups, or reduced energy intake may override
effects from dietary patterns per se.

In a recent review, we found that randomised controlled
trials demonstrated a greater weight loss from high vegetable
intake when it occurred as part of a healthy background diet, the
control diet constituted ‘usual intake’ and behavioural support
was provided.” In such circumstances, it is difficult to attribute the
effects to vegetable consumption alone. Shorter feeding studies
under highly controlled conditions can provide ‘proof of
concept’ 2 but in weight management long-term effects are more
clinically relevant. This situation raises a number of questions for
how to conduct the research itself.” Some intervention studies
have reported beneficial associations between actual vegetable
consumption and weight loss for the whole study sample.'®"

The classification of vegetables (for example, potato chips vs
other vegetables),'> gender and behavioural factors,'® and back-
ground cuisine'® also may be important considerations. Low-fat
diets have appeared superior to high vegetable diets,"® but not
always.'® Nevertheless, low energy density and increased satiety
are plausible reasons for the reduced risk of weight gain with high
vegetable intake,'”” and emerging research suggests the phyto-
chemical composition may be beneficial.'® Eating more vegeta-
bles may help shift cuisine patterns, proving efficacious in the long
term. The aim of this study was to demonstrate the effects of a
higher vegetable consumption on sustained weight loss in healthy
overweight adults.

MATERIALS AND METHODS
Trial design

A single blind parallel randomised controlled trial was conducted between
2010 and 2012 in Wollongong, NSW, Australia. Participants were recruited
by advertising in the local media. Inclusion criteria were healthy adults
18-65 years with a body mass index 25-35 kg/m?. Exclusion factors were
major illnesses, diabetes mellitus, thyroid abnormalities, heavy alcohol
consumption, recent acute or chronic disease, changing medications affect
weight, weight loss >5 kg in last 3 months, fluctuating exercise patterns,
strenuous exercise >1 h per day, pregnancy or lactation, dietary limitations,
and dislike of vegetables. One hundred subjects were considered sufficient
to detect a minimum between-group weight loss difference of 2.7 kg as
significant with 80% power and a two-tailed a of 0.05.'® This assumes a
40% post-randomisation dropout rate (20 subjects per group) and a
within-group weight loss s.d. of 3.5kg (using available literature').

School of Medicine, Smart Foods Centre, lllawarra Health and Medical Research Institute, University of Wollongong, Wollongong, New South Wales, Australia. Correspondence:
Professor LC Tapsell, School of Medicine, Smart Foods Centre, University of Wollongong, Wollongong, New South Wales 2522, Australia.

E-mail: Itapsell@uow.edu.au

Received 5 September 2013; revised 19 November 2013; accepted 14 January 2014; published online 26 March 2014


http://dx.doi.org/10.1038/ejcn.2014.39
mailto:ltapsell@uow.edu.au
http://www.nature.com/ejcn

A researcher not associated with the clinical interface (MJB) conducted the
randomisation using the RALLOC command in STATA V10.0 (College
Station, TX, USA) with the randomisation performed in blocks of 2, 4 or 6
and block sizes randomised within four strata, used to divide the sample
by sex and body mass index (25-30 kg/m? and 30-35 kg/m?). The master
list was provided by strata and reference to the block size and order was
removed, and consecutive numbers for allocation provided.

Dietary intervention

An accredited practising dietitian provided participants with a personalised
diet prescription based on core food groups from the Australian Guide to
Healthy Eating,®® that is, vegetables, fruit, grain foods, meat/fish/eggs/
cheese, milk/yoghurt and nuts/seeds/spreads/oils, providing ~80% energy
requirements for age, weight and sex as per the Mifflin equation.?' The
energy intake of the diets was managed by careful dietary modelling of all
food groups including vegetables. All participants were requested to
consume at least five servings of vegetables each day, but the servings were
different between control vs comparator (0.5 vs 1.0 cup cooked; 1 vs 2.0
cups of raw, respectively). Doubling portion size has been shown to be
effective in increasing vegetable consumption in a disguised way.>? Foods
high in saturated fat and added sugars (cakes, biscuits and soft drinks) were
discouraged, in keeping with the ADG including the 2013 update.'”

Initial consultations lasted 1 h, with 30-min follow-up at months 1, 2, 3, 6,
9 and 12 by the same dietitian. E-mail messages were sent 2 weeks
before clinic visits. Short message service was sent to participants’ mobile
phones with reminders of appointments and encouragement to maintain
study requirements. Booklets outlining the recommended number of
servings of food groups per day and a 4-day estimated food record
(including one weekend day) were provided. The high vegetable group
were given extra support and materials on use of vegetables.

Outcome measures

The primary outcome of body weight (kg) was measured in an upright
position in minimal clothing and without shoes using scales with a bio-
electrical impedance component to also estimate body fat (%) (Tanita TBF-662,
Wedderburn Pty Ltd, Ingleburn, NSW, Australia). Body weight was assessed at
similar times of the day at 0-, 1-, 2-, 3, 6-, 9- and 12-month time points.

Secondary clinical outcome measures were indicators of lifestyle disease
risk: fasting insulin, glucose and blood lipids: total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol and triglycer-
ides (sampled at 0, 3, 6, 9 and 12 months). Fasting blood samples were sent
to quality assured pathology laboratories (Southern lllawarra Medical
Laboratory (a fully owned subsidiary of Sonic Health Care Limited,
Wollongong, NSW, Australia) for lipids; and Cardinal Bio-Research Pty Ltd,
Brisbane, QLD, Australia, for F2 isoprostanes).

Additional information was collected via questionnaire at the 0-, 3-, 6-,
9- and 12-month appointments. The following assessments were also made:

(1) Physical activity using the Baecke physical activity questionnaire.?®
(2) Subjective ratings of food intake behaviour using visual analogue
scales (found reliable for this purpose,®*?> scale completely coinciding
with the 4th day of the 4-day food record kept between appointments).
(3) Digestive comfort (items relating to thirst, nausea, diarrhoea or constipa-
tion using a reference period of the 24 h before the appointment) using a
scale (100 mm) within the range of 0-10 (O=not at all, 10 =extreme).
(4) General diet acceptability score (referencing the period from the last clinical
time, scored on a scale of 0-10 (0 = extremely unacceptable, 10 =extremely
acceptable), and including items related to satisfaction with the diet).
Perceptions of health, measured with questions from the Medical
Outcomes Study 36-item Short Form Health Survey (SF-36): (‘In general,
would you say your health is excellent/very good/good/fair/poor?
Compared to one year ago, how would you rate your health in general?
(better/somewhat better/about the same/somewhat worse/much
worse). During the past 4 weeks, to what extent has your physical
health or emotional problems interfered with your normal social
activities with family, friends, neighbours or groups? (not at all/slightly/
moderately/quite a bit/extremely)’).

(5

Compliance

Dietary intake was assessed by diet history interview conducted by
an Accredited Practising Dietitian for each participant at 0, 3, 6, 9 and
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12 months.?® Participants were asked to report their usual intakes of types
and amounts of foods starting with the first meal of the day and indicating
variations within a 2- to 4-week period. They were asked specific questions
on vegetable intake, including identifying the individual vegetables in
dishes. Plasma F2 isoprostanes (sampled at 0, 3 and 12 months, see
section Outcome measures), were measured, given the potential for the
phytochemicals in vegetables to act as anti-oxidants, and the previously
observed negative associations with F2 isoprostanes and high vegetable
diet patterns.?’

Data analysis

Data were entered into OpenClinica version beta 3.1.2 clinical trial software
(Isovera Inc, Boston, MA, USA) for clinical data management, using the
double-entry method by at least two independent researchers for
completeness. Dietary data were calculated and analysed using FoodWorks
(Version 6; Xyris Pty Ltd, Kenmore Hills, QLD, Australia, 2009) nutrient
analysis software using the AUSNUT 2007 food composition survey
database.?® As weight loss is predicated on total energy intake, vegetable
intake data were presented as a percentage of total energy intake.

To examine diet acceptability and monitor changes in appetite, scores
were presented so that: for digestive discomfort, the lower the score the
less thirst, nausea, diarrhoea or constipation; for satiety, the higher the
score the less hungry, less satisfied, lesser sense of fullness, less desire to
eat more, and seldom wanting salty, sweet, savoury or fatty foods,
respectively; for general diet acceptability, the higher the score the more
satisfied, greater ease with preparing food, the greater the effort to adhere
to diet plan, more acceptance of core food items and greater ease with
continuing on the diet.

Data were analysed using SPSS (version 19.0, SPSS Chicago, IL,
USA, 2010) statistical analysis software. Primary and secondary analyses
of all continuous variables were conducted using a linear mixed model,
which uses all available data regardless of whether the subjects complete
the study, the type Il fixed effects were used to determine significance.
Skewed variables were log. or square root transformed before analysis,
and values before transformation were reported to assist with interpreta-
tions. The analysis was conducted on an intention-to-treat basis on trial
completion. Owing to non-normal distributions, Spearman’s correlations
were used to assess relationships between changes in vegetable intake
and isoprostane levels and to assess correlations between change in
weight and change in vegetable consumption (% energy). The study was
approved by the University of Wollongong Human Research Ethics
Committee and registered with Australia New Zealand Clinical Trials
Register Network (ACTRN12610000784011).

RESULTS
Sample

Of the 383 adults who volunteered for the study, 207 completed
screening. Of these 67 did not meet eligibility criteria and 20 did
not enrol. Thus, n=120 adults were randomised to control and
comparator groups and n=93 completed through to 12 months
(77.5% completion; Figure 1). The mean age was 48.9+9.3 years.
Seven participants withdrew before the start and a further n=18
participants later withdrew consent because of moving out of the
area, family or personal health issues. Data from n=2 participants
were not included in the final analysis because of extreme non-
compliance and starting medications likely to affect weight (data
removed after 3 months, Figure 1). There were no adverse effects
from the trial.

Between-group effects

After 12 months, both groups lost weight (P < 0.001, time effect),
with no difference between groups in weight loss (P=0.776,
interaction effect; Table 1) or reported energy intake (P=0.701,
interaction effect; Table 2). Reported physical activity was not
different between groups and did not change throughout the trial
(P=0.170, time; P=0.690, interaction; Baecke score). Compared
with the controls, the comparator group reported consuming a
significantly greater proportion of energy intake from vegetables
(P=0.020, interaction; Figure 2).
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Figure 1.

Intervention effects

The sample produced a mean weight loss of 6.5+5.2kg (range
-27.8 to +5kg) and this was associated with reported change in
energy intake (P=0.002, 3 months; P=0.009 12 months)
estimated at about —2000 kJ/day (P < 0.001, time effect; Table 2).
Reported energy intake was significantly lower than baseline at
all-time points (P < 0.001). Vegetable consumption increased
substantially in the first 3 months (Table 2) and the proportion
of energy consumed as vegetables was significantly different from
baseline at all-time points (P < 0.001; Figure 2). Both groups
reduced energy intake from high-energy-dense vegetables (time
effect P=0.005) and increased energy intake from low-energy-
dense vegetables (P < 0.001; Table 2). Most of the weight loss
occurred in the first 3 months and was maintained. By 12 months,
there was a shift in reported consumption away from higher
energy vegetables (P=0.005, time effect) to lower energy
vegetables (P < 0.001, time effect).

The change in weight was significantly correlated with the
increase in proportion of energy consumed as vegetables at
3 months (rho=-0.217; P=0.024; n=108; Figure 3a). The
association did not remain significant at 12 months (rho=-0.193;
=0.06; n=92; Figure 3b). With increasing vegetable intake, there
were reductions in isoprostane levels and this was significant for
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Enrolment, randomisation and follow-up of study participants.

change in vegetable intake from baseline to 3 months repre-
sented as percentage of dietary energy (rho=-0.198; P=0.046)
and from baseline to 12 months (rho=-0.231; P=0.030). There
were significant changes in macronutrient intakes: a reduction in
energy from total fat by about 5%, an increase in protein energy
by about 3% and an increase in carbohydrate energy by about 2%
(time effects all P < 0.000; data not shown).

Secondary effects

All biochemical parameters improved with the exception of the
near normal total and low-density lipoprotein cholesterol levels.
Total high-density lipoprotein increased, improving the total
cholesterol: high-density lipoprotein ratio (Table 3). Diet accept-
ability was high throughout the trial (Table 4). All digestive
discomfort scores remained relatively low. Ratings for constipa-
tion, diarrhoea and nausea were low (range 0.59+1.39-
1.71+3.07, maximum 10) with the natural sensation of thirst
slightly higher (range 3.32+2.51-4.44 + 2.86, maximum 10).

The higher vegetable group reported a greater increase in
hunger satisfaction (P=0.005 interaction) with a marginally
significant decrease in score by the control group from 6 to
12 months (P=0.077). All trial participants reported being less
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Figure 2.

hungry throughout the trial (P<0.001, time), they were less
inclined to eat more food (P=0.002, time) and to desire sweet
foods (P < 0.001; 0.049, time, respectively). They reported less
desire for fatty food (P=0.001, time).

All items on general diet acceptability were high (around 7-8
where 10=extremely acceptable), with no differences between
groups (P>0.05, interaction), except ‘ease to continue’ item
(P=0.050, interaction), which was lower score for the higher
vegetable group at 6 months (P=0.012, time) only.

The study participants’ perceptions of personal health appeared
to improve between baseline and 12 months (data not shown).
The proportion reporting their health as ‘excellent’ increased
fourfold and the proportion noting ‘very good’ doubled compared
with the baseline. About half of the trial participants reported their
health as being ‘better than a year ago’. The proportion indicating
that physical or emotional problems interfered with normal
activities decreased three- to fourfold.

DISCUSSION

Our finding that low-energy healthy dietary advice'” produced
substantial and sustained weight loss regardless of differences in
advice on vegetables (Table 1) is consistent with other studies of a
similar nature.”>'®?° However, by examining the variation in
actual vegetable intake across the study sample, we confirmed
similar reported findings'' that vegetable intake correlated with
weight loss (Figure 3). The shifts in macronutrient profile were
consistent with an increase in the relative amount of vegetables in
a dietary pattern comprising core staple foods, as was advised.
The secondary analysis warrants further discussion because,
despite the reported value of increasing vegetable portion
size,? this advice strategy did not prove sufficient to create a
difference in energy intakes in our groups receiving healthy
dietary advice based on 80% of energy requirements.

The primary analysis confirms that total dietary energy is the
most important dietary variable for weight loss,” but does little to
clarify on best ways to get there and why. We know from studies
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Vegetable intake expressed as a proportion of total energy intake from baseline to 12 months.

using ad libitum dietary approaches that supporting an increased
vegetable intake does not reduce energy intake,*® or compare
favourably against a low-kilojoule diet,'" (and there are challenges
in encouraging greater consumption of vegetables).>' Low-
kilojoule/low-fat dietary advice appears to be more sustainable
than diets focusing on vegetables intake,>? although providing
vegetables in the short term may enable what is known as ‘proof
of concept’ conditions.® We need to look beyond the single
outcome measure of weight loss. Although we did achieve
significant differences between groups in energy consumed as
vegetables, this was not enough to have an effect on weight loss
(Figure 2) because they were both reducing energy intake. For the
group, however, vegetable intake was correlated with weight loss,
as has been found before.'" Indeed a greater number of
participants or a longer period of follow-up may have proven
more informative. Nevertheless, as energy balance is a total
diet effect, any single food group can only make a contribution
to weight loss. Weight maintenance is the key goal and this
requires sustained dietary change. Our data suggest increasing
the relative energy contribution of vegetables may provide a
viable key strategy, and we explored this further from a broader
perspective.

The comparator group reported greater hunger satisfaction
(P=10.005), consistent with reports suggesting that vegetables act
via controlling for hunger.'® Reviews suggest that encouraging
and supporting healthy diets with significant amounts of
vegetables are likely to be effective because, although there are
limitations on other foods, the central message is positive.®* In
terms of the vegetable content of both diets, the literature
suggests that establishing long-term habituation through repeat
presentation of vegetables at all meals** and the encouragement
of vegetable variety®>>*® may help establish lasting change
essential to prevent weight regain,®’ and we appeared to be
seeing that. It should also be noted that the dietary advice
strategy focused on shifting from high- to low-energy-dense
vegetables and this was reflected in the reported dietary change
for the study sample (Table 2).

© 2014 Macmillan Publishers Limited
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(b) Relationship between change in weight and change in vegetable
intake as % of total energy intake at 3 months.

There were other health considerations. The biomarker (F2
isoprostane) results were consistent with observations that a high
vegetable intake is associated with a lower level of the markers of
oxidative damage.?” The pattern of reduction in F2 isoprostanes
was consistent with the pattern of weight change and vegetable
consumption. A recent review of vegetables containing phyto-
chemicals with potential anti-obesity properties specifically
identifies common vegetables as sources of known agents that
may have contributed to these effects.'® Although this was not a
particularly high-risk sample, the participants were tending to
insulin resistance, yet they showed significant reductions in waist
circumference (Table 2), fasting insulin and triglyceride levels and
increases in high-density lipoprotein cholesterol (Table 3). These
changes are indicative of a substantial risk reduction for
developing type 2 diabetes.®® The effects may not be limited to
weight loss alone and this area warrants further research.

There were necessary controls on energy intakes and the
background diet in this study, which made it difficult to expose
effects of a single food group, as acknowledged in the literature.’
Dietary change is not just about desirable foods going into the
diet; it is also about taking others out. In a recent publication,39 we
reported that participants with poor baseline dietary patterns lose
substantially more weight than those starting with healthy dietary
patterns. Future research might test whether shifting eating
patterns from a low to a high vegetable intake may have an

© 2014 Macmillan Publishers Limited
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Clinical variables from baseline to 12 months (mean +s.d.)

Table 3.
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impact on achieving weight loss by replacing poor quality foods in
the total diet.

In conclusion, a dietary energy deficit can be achieved in any
number of ways.> Advice to consume a healthy low-energy diet
including five servings of vegetables per day can lead to sustained
weight loss, with associated reductions in cardiovascular disease
risk factors. In the short term, consuming a higher proportion of
the dietary energy as vegetables may support a greater weight
loss and the dietary pattern appears sustainable.
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