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Abstract: Failure of various weight-loss programs and long-term maintenance of favorable body
composition in all kinds of people is high, since the majority go back to old dietary patterns. Many
studies have documented the efficacy of a plant-based diet (PBD) for body mass management, but
there are opinions that maintaining a PBD is difficult. We aimed to evaluate the long-term success of a
whole-food plant-based (WFPB) lifestyle program. We investigated the differences in the obesity
indices and lifestyle of 151 adults (39.6 ± SD 12.5 years), who were on our program for short (0.5–<2
years), medium (2–<5 years), or long term (5–10 years). Body-composition changes were favourable
for all three groups, both genders and all participants. There were no differences in relative bodycomposition changes (BMI, body fat percentage and muscle mass index (MMI)) between the three
groups. All participants improved their BMI (baseline mean pre-obesity BMI range (kg/m2): 26.4 ± 5.6
to normal 23.9 ± 3.8, p < 0.001), decreased body mass (–7.1 ± 8.3 kg, p < 0.001) and body fat percentage
(–6.4 ± 5.6 % points, p < 0.001). Those with the highest BMI at baseline lost the most of: a) BMI units, b)
total body mass and c) body fat (a) (kg/m2) (–5.6 ± SD 2.9, –2.4 ± 1.8 and –0.9 ± 1.5), b) (kg) (–16.1 ± SD
8.8, –7.1 ± 5.4 and –2.5 ± 4.5) and c) (% points) (–9.5 ± SD 5.7, –6.6 ± 4.6 and –4.7 ± 5.3) for participants
who had baseline BMI in obese, overweight and normal range, respectively; pbaseline vs. current < 0.001 for
all). 85.6% (101 out of 118) of parents of underage children (< 18 years), introduced WFPB lifestyle to
their children. WFPB lifestyle program provides long-term lifestyle changes for reversal of obesity and
is effective transferred to the next generation.
Keywords: nutrition; plant-based diet; vegan diet; lifestyle; obesity; body composition; weight-loss.
1.

Introduction
In recent years, adopting a strict plant-based (vegan) diet (PBD) that is appropriately

planned and supervised has become increasingly popular. The health effects of a well-designed strict
PBD have been recognized in several dietetic communities [1–7]. Furthermore, numerous professional
organizations on food and nutrition also state that an appropriately planned vegetarian diets (often
interchangeably named as PBDs), including a vegan diet (strict PBD), are appropriate for all stages of
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the life, including pregnancy, lactation, infancy, childhood, adolescence, and older adulthood [1,3,4],
as well as for athletes [1,2].
From prospective studies, it is known that plant-based dieters have healthier lifestyle habits
than nonvegetarians [8–10], so it was assumed that the health effects of PBDs were strongly associated
with the accompanying healthier lifestyle [11–20]. Many previous studies on long-term strict plantbased dieters that were exploring the impact of the diet and lifestyle factors on health frequently
reported healthier lifestyle behaviours [10,21–23]. A strict PBD (for the purpose of this paper, strict
PBD will serve as a substitution for vegan diet) was also found to be associated with better mental
health, where vegans reported less stress and anxiety, and better mood status compared to omnivores
[9].
Adopting a strict PBD is demanding, and many individuals might face problems and
obstacles (e.g., facing social pressure and expected norms, unadjusted lifestyle for the necessary
changes, lack of cooking skills, and having limited eating options when outside home or at work) in
achieving and maintaining this goal. Long-term compliance, adherence to prescribed diet plans, and
preservation of body mass reduction is a significant concern with weight-loss interventions, which is
often one of the major motives to adopt a strict PBD. In brief, the rate of failure of various weightreducing interventions and the probability of attaining the target body mass and long-term
maintaining body mass loss in all obese people is high, and may go up to 99.8% [24,25]. In metaanalysis of 29 long-term weight-loss studies on individuals in U.S. completing a structured body
mass-loss program, over half of the lost body mass was regained by two years, and by five years
approximately 80% of the lost body mass was regained [26]. Although adherence to a strict PBD
appears to be similar to most other therapeutic dietary approaches [27], the transition to a strict PBD
may be more successful with inclusion of participants in a lifestyle-optimizing program providing a
rationale for a diet change through lectures, prescribed daily meal plans and feedback, individual and
group counselling, and social support, including grocery-shopping tours, cooking workshops,
frequent body-composition measurements, and motivational sessions [28–32].
To become long-term motivated healthy plant-based dieters, individuals need to change
several important lifestyle behaviours. A healthy and active lifestyle is associated with health and
quality of life [33], while an unhealthy lifestyle is a recognized major risk factor for the development of
various chronic diseases and premature mortality [34,35]. Physical activity (PA) [36], sleep hygiene
[37], and stress status [38] are well-established modifiers that play a role in health and disease
prevention. This and many others healthy-lifestyle factors (e.g., moving naturally, having purpose,
belonging to a community, being in social circles that support healthy behaviours, investing in family
happiness and care) were presented as keys for longevity in studies of centenarians across diverse
geographical locations (“Blue Zone” areas) [39]. A fundamental healthy lifestyle includes having
healthy nutrition, maintaining a proper body mass, avoiding smoking, limiting alcohol drinking, and
being physically active, which might account for up to 50%–60% reduced risk of all-cause mortality in
men and women [40]. There is overwhelming evidence supporting the health benefits of PA or
exercise. PA or exercise has an important role in body mass management, particularly when combined
with dietary changes [41,42]. However, the PA level alone also has independent positive impact on
other aspects of health [43].
Ten years ago, we developed a whole-food plant-based (WFPB) lifestyle program that
included three proven approaches: (1) the nutritional part (supplemented WFPB diet (Supp WFPB
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diet)), (2) the PA component, and (3) a support system that included a social-media component
(described under Materials and Methods). With such an extensive lifestyle program based on WFPB
diet, it may be easier to maintain healthier long-term normal body mass, body composition, and
health. Previously we reported the effects of our WFPB lifestyle program on body-composition indices
during 10-weeks [44], and cardiovascular risk factors during 10-36 weeks [28].
In the present cross-sectional study we evaluated lifestyle and body composition indices
(body mass index (BMI) and body composition) of participants from Slovenia who were on our WFPB
lifestyle program [28] for 0.5–10 years. Our hypothesis was that there is significant difference in the
body-composition indices between participants who were in our program for the short (0.5–<2 years)
vs. medium term (2–<5 years), but not between those in it for the medium vs. long term (5-10 years)
(H0). To test this, we divided participants into three groups, according to their stay in our program:
short, medium, and long term. Our aim was also to evaluate changes in obesity markers (BMI units,
total body mass and body fat percentage) for participants from the time of entering our program as
practising the Western-type diet (baseline) to the present (0.5-10 years on our WFPB lifestyle
program).
2.

Materials and Methods
2.1. Study Design and Eligibility
We included free-living, heterogeneous participants from different parts of Slovenia who had

been in our WFPB lifestyle program, described previously [28] for 0.5–10 years, but also included
some of their baseline anthropometric measures (see Materials and Methods). In short, our extensive
lifestyle program included the nutritional part, the PA component, and a support system. Participants
were not remunerated financially to participate in the study. The study was conducted in accordance
with the Declaration of Helsinki, and the protocol was approved by the Slovenian Medical Ethics
Committee (approval document 0120-380/2019/17) and the Slovenian Ethical Committee in the field of
sports (approval document No. 05:2019). This trial was registered 6.6.2019 at https://clinicaltrials.gov
with number NCT03976479.
2.2. Subjects
We invited 2555 adults, aged 18–80 years, through our closed social–media support groups
and by personal contact with PBD health coaches. All participants were in the same support system,
but individuals could choose where they would be on the PBD continuum, from plant-rich diet to
a WFPB diet. Participants were also included if they had some dietary restrictions (e.g., gluten,
tomatoes, peanuts, and citrus). Non-inclusion criteria were current pregnancy or lactation, current
competitive or top-level athletes, major musculoskeletal restrictions, active malignant diseases (e.g.,
cancer, CVD, type 2 diabetes, autoimmune and neurodegenerative diseases), and the current use of
drugs for measured blood markers (plasma lipids, blood pressure). Exclusion criteria were: ≥ 3% of
energy intake from animal protein, incomplete blood assay and unanswered questionnaires. The
majority of the invited adults were females, and 370 individuals met the inclusion criteria after 2phase interviews. In total, 204 declined to participate out of reasons like being stressed to participate
in the study, vacation (summer time) period, demanding methods (evaluation of dietary intake by 3day weighted dietary record (3-DR), discomfort against blood collection, or/and a challenging
personal situation. We included everyone eligible by the inclusion criteria who responded to our
invitation to participate in the study. 166 individuals signed the informed-consent form, out of
which four discontinued to participate, we excluded six participants as they were still eating a
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significant amount of animal-based products on a regular basis based on 3-DR evaluation, two had an
incomplete blood assay, two had unanswered questionnaires, while one did not want to complete
them.
The study lasted from June until August 2019, but the clinical part of this study was finished
within 14 days. In the final analysis, we included 151 adult participants (91% of initially included;
Figure 1). For the inclusion criteria, we did not set limits concerning current BMI since we had known
their baseline body mass (BM) and body-fat percentage (BF %) or smoking status. Past measurements
were measured by three investigators and their teams of health coaches, and archived according to
the General Data Protection Regulation (GDPR). Based on the duration of the WFPB lifestyle program,
we divided participants into 3 groups: short-term (0.5–<2 years), medium-term (2–<5 years), and longterm (5–10 years).
2.3. WFPB lifestyle program
2.3.1. Nutritional part
The nutritional part included a 60-min lecture/week for 10 weeks covering the rationale and
with guidance on WFPB diet as well as healthy active lifestyle, group cooking workshops, recipes, and
individual counselling with whole-food shopping guidance and individual meal plans, all with an
experienced health coach who was leading by example. The dietary program consisted of ≥90% WFPB
diet, while 0–10% of the energy intake was supplemented with nutrient-enriched plant-based meal
replacement (MR; 35–37 g of plant protein (soy or pea)/100 g; 1–2 portions/day; 10–15 g of plant
protein/portion) and dietary supplements (e.g., vitamin B12 for all, vitamin D3 (October–May),
optionally n-3 long-chain polyunsaturated fatty acids (eicosapentaenoic acid (C20:5n-3, EPA) and
docosahexaeneoic acid (C22:6n-3, DHA)) based on individual dietary needs, cooking skills, and
lifestyle challenges. The WFPB diet in our dietary program was defined by Campbell and Campbell
(2005). It allows ad libitum intake of whole grains, fruits, vegetables, and legumes, moderate intake of
nuts, seeds, avocados, and soy (e.g., tofu) or wheat products with no added fat. It includes little or no
added refined fat (e.g., olive oil, coconut, and palm oil). It excludes all animal products (like all vegan
diets) and is based predominately on whole or minimally processed plant foods. Ultra-processed
foods, as defined by the NOVA classification system [45], highly refined carbohydrates (e.g., white
rice, white flour), foods containing added sugars (e.g., table sugar, high-fructose corn syrup), and
sweeteners were omitted [46]. To ensure nutrient adequacy without adding excess energy [47], we
included up to 10% of energy intake from MR to WFPB diet (Supp WFPB diet). We chose MR that was
safe, simple to prepare, effective, convenient [48–52], and with the purpose of the better compliance
[53]. Supp WFPB diet was individually optimized by an experienced health coach to meet nutritional
needs, cultural preferences, and lifestyle. Despite the fact that body mass management was a core part
of our program, there was no need for calorie counting, and the recommended dietary program was
consumed ad libitum to full satiety at each meal [28]. During the introduction phase of our WFPB
lifestyle program (the first 10 weeks), a small portion of foods of animal origin (i.e., meat, milk, eggs)
was allowed once/week to relieve social pressures on participants from their circle of influence (i.e.,
family, friends, and co-workers). After the introduction phase, the intake of foods of animal origin was
discouraged. It was only tolerated occasionally as a flavour commodity in meals with family/friends,
if they were in unusual and unprepared situations when eating out of home, or still to relive social
pressures from their circle of influence, but was limited to < 30 g animal-based foods/week.
2.3.2. Physical activity component
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The PA component included habitual (part of participants’ daily life), organized (guided or
prescribed exercise), and not-organized (part of a healthy and active lifestyle) PA. During the
introduction phase, the participants were encouraged to engage in at least two 45 min guided
moderate-intensity exercise sessions/week to accompany their new dietary style with additional PA as
a paradigm for a healthier lifestyle. The guided 45 min moderate-intensity group exercises in several
cities in Slovenia were offered free of charge. After the introduction phase, the participants became
more independent and performed the prescribed resistance-exercise activities by themselves.
Participants were also encouraged to perform at least 30 minutes per day of low- to moderateintensity aerobic activity (brisk walking or biking) and a longer low- to moderate-intensity activity
during the weekend (45 minutes, preferably 1–2 hours in 1 or 2 sessions), like brisk walking or
hiking, both as part of a healthy active lifestyle.
2.3.3. Support system
The support system consisted of regular follow-ups and various support-system services, for
example, frequent body-composition measurements, food dairy, grocery tour, cooking workshops,
assistance in the introduction of regular and appropriate PA, individual and group support on various
challenges during behavioural changes, and social-media support groups including four parts: 1)
cooking recipes, 2) professional summaries of health and nutrition topics written in lay language, 3)
posted organized group workouts and results/testimonials, and 4) discussion board. The discussion
board provided answers to their dilemmas on controversies and common nutritional myths,
particularly about WFPB diet and other weight-loss diets, as well as active social interactions. The goal
of the social-media support group was to motivate participants to comply with the prescribed dietary
regiment, to receive accurate information, to share new experiences and cooking skills with each
other, and to help face daily challenges, all with the primary aim of improving their well-being and
long-term health.
2.4. Outcomes
2.4.1. Sociodemographic and Economic Status, and Motives for PBD
For sociodemographic and economic status, we adopted the questionnaire for adults by the
National Institute of Public Health [54] from the project called “EU Menu Slovenia”, the European
Food Safety Authority (EFSA) project EU Menu (see Table 1). We modified the questionnaire to
include additional questions for those interested in WFPB diet, such as number of underage children
(<18 years) of the studied parents that are on WFPB lifestyle program, and number of children born by
mothers adopting WFPB lifestyle program and their birth BM. For evaluating the motives for
following strict PBD, we asked participants to rank 8 different motives (1 was the least important and
8 was the most important), namely, (1) health, (2) BM management/appearance, (3) environmental
concerns, (4) religious reasons, (5) affordable dieting, (6) convenient dieting, (7) animal ethics, and (8)
satiety/no hunger. For each motive, we calculated the average score and share from the whole sample.
2.4.2. Everyday sitting, transport time, and PA
To assess PA, inactivity, and time spent using passive transport we used the last 7 days with
the self-administered International Long Physical Activity Questionnaire (L-IPAQ; [55] that was
translated into the Slovenian language and reviewed by an experienced PhD Sport physiologist in this
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field. All study participants were instructed to maintain their pre-existing PA rhythm. Components of
L-IPAQ that we emphasized in our study on PA status as outcome were (1) minutes of traveling in a
motorized transport (e.g., car, bus, train), (2) time spent sitting during weekdays, (3) times spent
sitting during the weekend, (4) average daily walking minutes, (5) average daily moderate PA
minutes, (6) average daily vigorous PA minutes, and (7) total L-IPAQ score. The fourth to sixth
outcomes were related to transportation, housework/gardening, recreation, sport, and leisure-time
PA. The volume of activity was computed by weighting each type of activity by its energy
requirements defined in METs. METs are multiples of the resting metabolic rates to yield a score in
MET-minutes. In the calculation, the L-IPAQ scoring protocol assigns the following MET values:
walking was considered to be 3.3 METs (3.3 multiple minutes of walking multiple times/week),
moderate-intensity PA was considered to be 4 METs, and vigorous-intensity PA was defined as 8
METs. Total METs minutes of PA per week are achieved with a sum of MET minutes achieved in each
category (walking, moderate activity, and vigorous activity [56]). One MET is defined as a resting
metabolic rate obtained during quiet sitting and is equivalent to the caloric consumption of 1
kcal/kg/hour [57]. High PA level is defined as vigorous-intensity PA on at least 3 days per week,
achieving a minimum total PA of at least 1.500 METs minutes per week or 7 days on any combination
of walking, moderate-intensity PA, or vigorous-intensity PA achieving a minimum total PA at least
3.000 MET minutes per week. Moderate PA level is classified as 5 or more days of any combination of
the 3 PA categories, achieving a minimum total PA of 600 MET minutes per week [58]. Less than 0.5%
of all data was rechecked for accuracy of entry as a result of potential input errors or missed data. We
added a question to the L-IPAQ about weekly frequency of at least 30 minutes of organized
resistance/weight-lifting workouts to further distinguish the PA lifestyle pattern according to general
recommendations for PA.
2.4.3. Sleep quality and patterns
To assess sleep quality, patterns, and disturbance, and daytime dysfunction during the last
month, we used 19 self-rated questions of the Pittsburgh Sleep Quality Index (PSQI) questionnaire
[59]. We found 10 components of PSQI overall to be important for our study, namely, (1) time of going
to sleep, (2) time of waking up, (3) subjective sleep quality, (4) sleep efficiency, (5) sleep latency, (6)
sleep duration, (7) sleep disturbance, (8) use of sleep medications, (9) daytime dysfunction, and (10)
global sleep-quality score (sum of 7 PSQI components scores from scoring rules). The total score range
was from 0 to 21, where a higher score indicates worse sleep quality, and 5 or greater is indicative as a
cut-off for poor sleep quality [59].
2.4.4. Stress status
To measure stress status during the last month (recent version), we used a 30-question
Perceived Stress Questionnaire (PSQ) [60]. PSQ is a valid instrument for recording subjectively
perceived stress in the context of a transactional view of stress [61] and stress-related diseases [62].
The PSQ emphasizes cognitive level of experience more than emotional states or specific life events.
The items can be answered with a 4-point Likert-type rating scale (1 = almost never, 2 = sometimes, 3 =
often, 4 = usually). Factor analysis revealed 7 PSQ factors defining perceived stress: harassment,
overload, irritability, lack of joy, fatigue, worries, and tension. It contains both positively and
negatively formulated items in order to reduce acquiescent bias. After several positive items (1, 7, 10,
13, 17, 21, 25, 29), scores were calculated in reverse and then, summing all item scores, resulted in a
total raw score range of 30 to 120. A PSQ index varying from 0 (lowest level of perceived stress) to 1
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(highest level of perceived stress), was derived from the total raw score using the formula: PSQ Index
= total raw score – 30/90 [60,63]. Cut-off values for levels of stress established on this basis were: <0.34
(low stress), 0.34–0.46 (moderate stress), and >0.46 (high stress) [64]. We translated PSQ into Slovenian
language with additional help from an experienced psychologist in the cognitive stress filed.
2.4.5. Anthropometric and Body Composition Measures
All participants were measured without shoes, socks, outer clothing, mobile device and/or
keys in pockets. Baseline data (at the entrance into our program) were measured by three investigators
and their teams of health coaches, with same bio-electrical impedance analysis technology (Tanita,
Japan) and archived according by the General Data Protection Regulation (GDPR). In the current
study, all measurements were made by the same researcher with the assistance of another. Heights
(cm) were measured by the body height gauge (MPE 250K100HM), Body composition was assessed by
an 8-electrode medically approved and calibrated bio-electrical impedance body-composition monitor
(Tanita 780 S MA, Tanita Corporation, Tokyo, Japan) which provides an accurate tool to measure total
body fat percentage and fat free mass in healthy young males and females, regardless of their level of
habitual PA [65]. Body mass index (BMI, kg/m2) and muscle-mass index (MMI, kg/m2) were calculated
from body height and BM, and body height and muscle mass that were measured by body-height
gauge and body-composition monitor. Body-composition indices included BM, BMI, body fat mass
percentage (BF %) relative to total BM, visceral fat rating (in arbitrary units associated with the
abdominal visceral fat cross-sectional area, where each unit equals 10 cm2 of visceral fat), muscle mass,
MMI and total body water. Before the bio-impedance test, participants were asked not to eat or drink
for at least 1 hour, exercise for at least 24 h, and urinate for at least 30 minutes.
2.4.6. Dietary intake and cardiovascular risk factors
We have also evaluated dietary and supplements intakes by 3-DR as well as several
cardiovascular risk factors, which we are going to present in a separate manuscript.
2.5. Statistical Analysis
Statistical analysis was done with R 3.5.2 with the dpylr [66], ggplot2 [67] and arsenal [68]
packages. For numerical variables, we used ANOVA for the differences between different groups and
the Tukey post hoc test, where differences were statistically significant. Where the subsample was
small, we referred to the Kruskal Wallis test. When we analysed dependent samples, we used t-test for
dependent sample.
Similar for the categorical variables, we used the chi-square test, and Fisher's exact test where
the subsample was small. The threshold for statistical significance was 0.05.
3.

Results:
3.1. Participant Characteristics
The whole sample (n = 151) included 109 females (72%) and 42 males (28%) from six regions of

Slovenia. The age (mean ± SD) and current BMI (mean (min–max)) of the participants was 39.6 ± 12.5
years and 23.9 (17.7–41.4) kg/m2. Group 1 included 51 participants (35 females (69%) and 16 males
(31%)), Group 2 included 56 participants (43 females (77%) and 13 males (23%)), and Group 3 included
44 participants (31 females (70%) and 13 males (30%)). Most participants lived in a marriage or
partnership status, outside the capital (62.3%), lived in a suburban (31.8%) or rural (41.1%)
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environment, were employed or self-employed (79.4%), and rated themselves as having at least mildly
above-average economic status (94.7%). The majority of participants were college educated (62.2%).
Participants in our study had 196 children, 118 were underage (< 18 years; 60% of all children), while
22 were adult (> 18 years; 40% of all children). 85.6% of underage children (n = 101 of 118) and 28.2%
of adult children (n = 22 of 78) were on WFPB diet. 8.2% children (n = 16) were born to parents while
being on our WFPB diet lifestyle program. During pregnancy, 7 women gained 7-10 kilograms (mean
BM of their infants: 3683 grams), 8 women gained 10.1-12 kilograms (mean BM of their infants: 3477
grams) and one women gained 12.1-15 (mean BM of her infant: 3270 grams). Current main
sociodemographic and economic characteristics are shown in Table 1 and more detailed in
supplementary table Table 1S.

Figure 1. Enrolment of participants and study completion.
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Table 1. Current demographic and other characteristics of all participants and according to their time in WFPB lifestyle program: short (0.5–<2 years), medium (2–<5 years) and
long-term (5–10 years) groups (1, 2 and 3).

Parameter

Whole sample (n = 151)

Group 1 (n = 51)

Group 2 (n = 56)

Group 3 (n = 44)

Age (years)

39.6 ± 12.5

36.9 ± 11.5

37.3 ± 17.6

42.6 ± 10.9

36.1 ± 10.3

42.4 ± 13.5

Gender (n, %)

Both genders

Female

Male

Female

Male

Female

35.8 ± 11.0
Male

(100%)

35 (69%)

16 (31%)

43 (77%)

13 (23%)

31 (70%)

13 (30%)

Time on (WFPB) lifestyle program (years)

4.1 (0.8–10)

1.3 (0.9–1.9)

1.2 (0.8–1.8)

3.9 (2.5–4.9)

4.0 (2.5–4.9)

6.9 (5.5–10.0)

7.2 (5.5–10.0)

Height (cm)

169.0 ± 8.6

167.7 ± 7.6

178.5 ± 5.3

164.2 ± 5.0

178.8 ± 4.0

163.5 ± 4.8

179.8 ± 6.9

Smoking (n (%))
Never

117 (77.5%)

Former

7 (4.6%)

Current

26 (17.2%)

N/A (did not disclose)

1 (0.7%)

Alcohol (n (%))

3 (2%)

Alcohol (g/d)

0.4

Participants’ children
Children of participants (n)

196

Underage children (<18 years) (n, (% of all children)

118 (60%)

Adult children (>18 years) (n, (% of all children)

78 (40%)

Underage children (<18 years) on WFPB diet (n, (% of underage))

101 (85.6%)

Adult children (>18 years) on WFPB diet (n, (% of adult children))

22 (28.2%)

Children born to parents while on WFPB diet lifestyle (n, (% of all children))

16 (8.2%)

Pregnancy BM

gainp

N (Infant’s birth BM)

7–10 kg

7 (3683 g)

10.1–12 kg

8 (3477 g)

12.1–15 kg

1 (3270 g)

Data are means ± standard deviation (SD) for normally distributed variables and medians (minimum–maximum) for non-normally distributed ones. Whole-food plant-based
(WFPB). †Maximal reported mass that a participant reached at any time during their life. pData for their time during pregnancy, not currently.
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3.2. Lifestyle Factors
The whole sample presented relatively low weekly (5.0 ± 2.9 hours) and weekend (4.0 ± 2.3
hours) prolonged daily siting, and high PA (1902 METS of vigorous-intensity PA and 5542 METS of
total PA) that includes regular resistance workout with their own BM or by a prescribed fitness
program. Assessment of sleep quality showed that the whole sample had good sleeping quality.
Participants went to sleep very differently (most of them before 22:00 (33.8%) or after midnight
(37.7%)), and woke up before 6:30 (83.4%), evaluated sleep quality as very and fairly good (143,
94.7%), fell asleep within 15 minutes (121, 80.1%), they slept over 6 hours per night (114, 75.5%), were
very sleep-efficient (146, 96.7%), had less than once per week or no sleep disturbance (140, 92.7%),
only 3 participants used sleep medications during the past month, 93 participants (61.6%) and 50
participants (33.1%) had 1–2 and 3–4 occasions of daytime dysfunctions, and the whole sample had a
good overall total score of sleep quality (2.7 ± 3.9). The studied sample also showed a favourable
positive subscale score (i.e., “how often have you felt that things were going your way?”) and total
score (PSQ = 0.3 ± 0.1) that indicated lower stress level. All measures were nonsignificant different in
the group comparison (Table 2).
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Table 2: Current lifestyle factors of all participants and according to their time in WFPB lifestyle program: short (0.5–<2 years), medium (2–<5 years) and long-term (5–10 years)
groups (1, 2 and 3).
Parameter

Whole sample

Group 1 (n = 51)

Group 2 (n= 46)

Group 3 (n= 44)

p - value

International Physical Activity (PA) - Long (IPAQ score)
Transportation (min/d)

42 ± 33

44 ± 37

43 ± 31

38 ± 31

NS

Weekly sitting (h/d)

5±3

4±3

5±3

5±2

NS

Weekend sitting (h/d)

4±2

4±2

4±2

4±2

NS

Walking PA (METS min/w)

1488 ± 1811

1300 ± 1261

1544 ± 2234

1634 ± 1773

NS

Moderate-intensity PA (METS min/w)

2171 ± 2365

1906 ± 1712

1972 ± 2283

2731 ± 2997

NS

Vigorous PA (METS min/w)

1902 ± 2819

2440 ± 4063

1447 ± 1839

1857 ± 1892

NS

Total (METS min/w)

5542 ± 4677

5612 ± 5181

4944 ± 4294

6219 ± 4534

NS

Resistance workout (n/w)

2.7 ± 0.9

2.8 ± 0.9

2.5 ± 0.8

2.8 ± 1.0

NS

Sleep Quality (PSQI score)
Sleep time (n (%))

NS

Time
21:01–22:00

51 (33.8%)

17 (33.3%)

14 (25.0%)

20 (45.5%)

22:01–23:00

25 (16.6%)

6 (11.8%)

12 (21.4%)

7 (15.9%)

23:01–00:00

18 (11.9%)

5 (9.8%)

6 (10.7%)

7 /15.9%)

After midnight

57 (37.7%)

23 (45.1%)

24 (42.9%)

10 (22.7%)

Wake-up time

NS

Time
4:00–5:30

58 (38.4%)

19 (37.3%)

24 (42.9%)

15 (34.1%)

5:31–6:30

68 (45%)

24 (47.1%)

26 (46.4%)

18 (40.9%)

6:21–6:59

3 (2%)

1 (2%)

0

2 (4.5%)

From 7:00

22 (14.6%)

7 (13.7%)

6 (10.7%)

9 (20.5%)

Very and fairly good

143 (94.7%)

48 (94.1%)

53 (94.6%)

44 (95.5%)

Fairly and very bad

8 (5.3%)

3 (5.9%)

3 (5.4 %)

2 (4.5%)

Subjective sleep quality

NS

Sleep latency (min)

NS

≤15 min

121 (80.1%)

38 (74.5%)

47 (83.9%)

36 (81.8%)

16–30 min

26 (17.2%)

11 (21.6%)

7 12.5%)

8 (18.2%)
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Parameter

Whole sample

Group 1 (n = 51)

Group 2 (n= 46)

Group 3 (n= 44)

31–60 min

4 (2.6%)

2 (3.9%)

2 (3.6%)

0

Sleep duration (h)

p - value
NS

More than 7 hours

44 (29.1%)

18 (35.3%)

12 (21.4%)

14 (31.8%)

6–7 hours

70 (46.4%)

21 (41.2%)

28 (50.0%)

21 (47.7%)

Fewer than 6 hours

37 (24.5%)

12 (23.5%)

16 (28.6%)

9 (20.5%)

65%–74%

2 (1.3%)

1 (1.8%)

1 (2.3%)

Sleep efficiency (score)

NS
0

75%–84%

3 (2%)

0

0

3 (6.8%)

85%

146 (96.7%)

51 (100.0%)

55 (98.2%)

40 (90.9%)

Not during the past month

16 (10.6%)

5 (9.8%)

9 (16.1%)

2 (4.5%)

Less than once a week

124 (82.1%)

41 (80.4%)

44 (78.6%)

39 (88.6%)

Once or twice a week

10 (6.6%)

5 (9.8%)

3 (5.4%)

2 (4.5%)

Three or more times a week

1 (0.7%)

0

0

1 (2.3%)

Sleep disturbance

NS

Sleep mediation use

NS

Not during the past month

148 (98%)

50 (98.0%)

55 (98.2%)

43 (97.7%)

Less than once a week

1 (0.7%)

1 (2%)

0

0

Three or more times a week

2 (1.3%)

0

1 (1.8%)

1 (2.3%)

1–2 days

93 (61.6%)

34 (66.7%)

33 (58.9%)

26 (59.1%)

3–4 days

50 (33.1%)

12 (23.5%)

21 (37.5%)

17 (38.6%)

5–6 days

5 (5.3%)

4 (7.8%)

1 (1.8%)

0

Daytime dysfunction (n/w)

NS

Every day

3 (2%)

1 (2%)

1 (1.8%)

1 (2.3%)

Global sleep quality

2.7 ± 1.8

2.8 ± 1.7

2.5 ± 1.8

2.7 ± 2.1

Perceived Stress Questionnaire (PSQ score)
Positive items score

17.3 ± 3.9

17.0 ± 3.9

17.9 ± 4.2

16.8 ± 3.8

NS

Total score

0.3 ± 0.1

0.3 ± 0.1

0.3 ± 0.1

0.3 ± 0.1

NS

Data are mean ± standard deviation (SD) for normally distributed variables.
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3.3. Motives for Adopting PBD
The health motive for adopting WFPB dietary pattern was the most prevalent choice, since 141
participants (93.4%) of the whole sample ranked this motive as 8 on scale of 1–8 (from least to most
important). Mass management/appearance motive was chosen by 95 participants (62.9%) as 7. The
third most important motive for adopting WFPB dietary pattern was satiety/no hunger (score was 4.8
± 1.7), which was followed by convenient dieting (score was 4.3 ± 1.3) and environmental concerns
(score was 4.1 ± 1.8). Motives for adopting WFPB dietary pattern are shown in Figure 2.

Figure 2: Motives for adopting WFPB dietary pattern.
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3.4. Anthropometric and Body Composition Measures
There were no differences in maximal lifetime BM and BMI between the three groups of
participants (Table 3; baseline vs. current (after short, medium and long-term time (groups 1, 2, and 3)
and combined 0.5-10 years in our program WFPB lifestyle program). At baseline (at the entrance to
our WFPB lifestyle program on Western-type diet) there were no differences in BM, BMI and body fat
percentage between the three groups of participants. Female groups had statistically significantly
different body height, but not baseline body-composition status, while male groups had comparable
baseline body height and body composition. Furthermore, female Group 3 had statistically different
current BM (58.4 ± 6.6 kg, p = 0.001) than Group 1 (68.0 ± 13.1 kg) (p < 0.001), and, consequently, due to
different body height, also absolute MM (43.0 ± 3.7 kg or 74.2% of BM)) compared to Group 1 (48.1 ±
6.6 kg or 70.7% of BM) (p < 0.001). Therefore, MMI was a more appropriate tool for monitoring
differences in muscle-mass changes and was not shown to be significantly different when we
compared the female and male groups. Body-composition changes were favourable for all three
groups, for both genders and for the whole sample. There were no differences in BMI, body fat
percentage, muscle mass index (MMI) and total body water between the three groups of participants.
They improved their baseline mean overweight (pre-obesity) BMI range of 26.4 (17.7–50.6) kg/m2 to a
normal BMI range of 23.9 (17.7–41.4) kg/m2, and decreased BM and BF % points for 7.1 ± 8.3 kg (p <
0.001) and 6.4 ± 5.6 % points (p < 0.001).
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Table 3: Anthropometric and body composition measures of all participants (0.5-10 years in WFPB lifestyle program) and according to their time in WFPB lifestyle program
(short (0.5–<2 years), medium (2–<5 years) and long-term (5–10 years) groups (1, 2 and 3)) and gender.
Parameter

Whole sample (n = 151)

Group 1 (n = 51)

Group 2 (n = 56)

Group 3 (n = 44)

p - Value

Gender (F/M)

Both genders

Female

Male

Female

Male

Female

Male

F/M

Height (cm)

169.0 ± 8.6

167.7 ± 7.6

178.5 ± 5.3

164.2 ± 5.0

178.8 ± 4.0

163.5 ± 4.8

179.8 ± 6.9

0.009/NS

Max lifetime
Body mass (kg)

79.6 ± 19.7

79.1 ± 22.6

90.2 ± 11.5

73.7 ± 13.7

99.6 ± 27.4

67.9 ± 10.5

94.9 ± 15.5

NS

BMI (kg/m2)

27.7 (19.8–54.9)

28.1 (19.8–54.9)

28.2 (24.1–32.8)

27.4 (20.3–39.8)

31.0 (23.6–50.6)

25.4 (20.4–35.8)

29.4 (21.6–37.9)

NS

Body mass (kg)

75.8 ± 18.7

74.8 ± 20.6

87.2 ± 11.8

71.1 ± 14.2

94.4 ± 27.5

65.4 ± 9.4

86.3 ± 16.2

NS

BMI (kg/m )

26.4 (17.7–50.6)

26.6 (19.1–46.3)

27.3 (23.0–32.8)

26.4 (17.7–38.3)

29.3 (21.8–50.6)

24.5 (19.2–32.5)

26.7 (19.0–35.3)

NS

Body fat (%)

28.7 ± 9.2

30.3 ± 9.6

22.4 ± 6.0

33.3 ± 7.9

23.1 ± 9.4

29.4 ± 6.7

21.2 ± 10.0

NS

Body mass (kg)

68.7 ± 14.0

68.0 ± 13.1

77.9 ± 8.2

64.0 ± 9.6

85.5 ± 18.8

58.4 ± 6.6

82.6 ± 10.2

0.001/NS

BMI (kg/m )

23.9 (17.7–41.4)

24.2 (18.7–37.3)

24.5 (20.8–29.0)

23.8 (17.7–30.3)

26.6 (22.8–41.4)

21.8 (18.3–29.5)

25.5 (21.3–26.9)

NS

Body fat (%)

22.3 ± 7.3

24.4 ± 8.0

17.1 ± 6.3

25.8 ± 6.3

20.0 ± 5.8

21.9 ± 5.7

15.3 ± 5.3

NS

4.1 ± 3.1

3.5 ± 2.8

4.3 ± 3.3

4.0 ± 2.4

7.2 ± 4.8

3.1 ± 2.4

5.1 ± 3.2

NS

50.4 ± 10.1

48.1 ± 6.6

61.1 ± 4.8

44.7 ± 4.6

64.1 ± 8.2

43.0 ± 3.7

66.3 ± 6.6

< 0.001/NS

17.5 ± 15.9

17.1 ± 2.1

19.2 ± 1.3

16.6 ± 1.7

20.0 ± 1.9

17.4 ± 2.4

20.5 ± 1.5

NS

55.7 ± 51.6

53.4 ± 7.4

59.7 ± 5.3

53.0 ± 4.7

57.5 ± 4.1

55.7 ± 4.3

61.8 ± 4.1

NS

Baseline
2

Current
2

Visceral fat
(arbitrary units)
Muscle mass (kg)
Muscle mass index
(kg/m2)
Total body water
(L)

Data are mean ± standard deviation (SD) for normally distributed variables, and median (minimum–maximum) for non-normally distributed ones.
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Detailed BMI and BF % obesity classification (Table 4) showed that, at the baseline, only 63
females (57.8%) and 12 males (28.6%) were within a normal BMI range, whereas the current BMI
results showed that the proportion of normal BMI increased by 16.6% for females and by 26.2% for
males. The improvement toward normal BMI was seen in all group comparisons (Figure 3). BF %
obesity-classification comparison showed similar results (Figure 4). At the baseline, 38 females (34.9%)
and 14 males (33.3%) were considered as obese but current BF % status showed improvement to
normal BF % range by 27.6% for females and 23.8% for males. At the end of the study 101 females
(92.7%) and 38 males (90.5%) were considered within normal BF % range. Group comparison showed
that Group 1 improved normal BMI from 25 (49%) to 38 participants (74.5%), Group 2 from 22 (39.3%)
to 31 participants (55.4%), and Group 3 from 28 (63.6%) to 35 participants (79.5%). Using BF %
classification, Group 1 improved the proportion of participants with normal BF % from 35 (68.6%) to
45 participants (88.2%), Group 2 from 30 (53.6%) to 52 participants (92.9%), and Group 3 from 34
(77.3%) to 42 participants (95.5%). One female was underweight at the entrance to our WFPB lifestyle
program, while two females were underweight at present, both with BMI <18.5.
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Table 4: Baseline and current BMI and body fat (BF %) obesity classification of all participants and according to their time in WFPB lifestyle program: short (0.5–<2 years),
medium (2–<5 years) and long-term (5–10 years) groups (1, 2 and 3)
Parameter

Whole sample (n = 151)

Gender (F/M)

p – Value

Group 1 (n = 51)

Group 2 (n = 56)

Group 3 (n = 44)

Female

Male

Underweight (BMI <18.5)

1 (0.9%)

0 (0.0%)

0 (0.0%)

1 (1.8%)

0 (0.0%)

Normal weight (BMI 18.5–24.9)

63 (57.8%)

12 (28.6%)

25 (49.0%)

22 (39.3%)

28 (63.6%)

Pre-obesity (BMI 25–29.9)

18 (16.5%)

18 (42.9%)

13 (25.5%)

14 (25.0%)

9 (20.5%)

Obesity class 1 (BMI 30–34.9)

20 (18.3%)

10 (23.8%)

8 (15.7%)

16 (28.6%)

6 (13.6%)

Obesity class 2 (BMI 35–39.9)

3 (2.8%)

1 (2.4%)

1 (2%)

2 (3.6%)

0 (0.0%)

Obesity class 3 (BMI >40)

4 (3.7%)

1 (2.4%)

4 (7.8%)

1 (1.8%)

0 (0.0%)

35 (68.6%)

30 (53.6%)

34 (77.3%)

16 (31.4%)

26 (46.4%)

10 (22.7%)

Baseline Body mass status, n (%)

F/M

F/M

0.005

Female: >35%

Male: 25%

No

71 (65.1%)

28 (66.7%)

Yes

38 (34.9%)

14 (33.3%)

BF obesity (%):

Current Body mass status, n (%)

p – Value
NS

NS

NS

0.039

NS

Underweight (BMI <18.5)

2 (1.8%)

0 (0.0%)

0 (0.0%)

1 (1.8%)

0 (0.0%)

Normal weight (BMI 18.5–24.9)

81 (74.3%)

23 (54.8%)

38 (74.5%)

31 (55.4%)

35 (79.5%)

Pre-obesity (BMI 25–29.9)

20 (1.8%)

16 (38.1%)

9 (17.6%)

19 (33.9%)

9 (20.5%)

Obesity class 1 (BMI 30–34.9)

4 (3.7%)

2 (4.8%)

2 (3.9%)

3 (5.4%)

1 (2.3%)

Obesity class 2 (BMI 35–39.9)

2 (1.8%)

0 (0.0%)

2 (3.9%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

1 (1.8%)

0 (0.0%)

Obesity class 3 (BMI >40)

0 (0.0%)

1 (2.4%)

BF obesity (%):

Female: > 35%

Male:  25%

No

101 (92.7%)

38 (90.5%)

45 (88.2%)

52 (92.9%)

42 (95.5%)

Yes

8 (7.3%)

20 (9.5%)

6 (11.8%)

4 (7.1%)

2 (4.5%)

NS

NS

Data are mean ± standard deviation (SD) for normally distributed variables. BMI classifications by the World Health Organization [69], BF % obesity classification by WHO
[70].
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Figure 4: Group comparison of obesity by body
fat (%) (classification by WHO (WHO, 1995)

Baseline vs. current comparison of BMI, BM, BF % according to BMI classification (Table 5)
showed that all participants (n = 151) significantly improved their obesity indices. They experienced a
mean BMI reduction of –2.5 ± 2.8 kg/m2 (from baseline mean pre-obesity BMI range (26.4 ± 5.6 kg/m2)
to normal BMI (23.9 ± 3.8 kg/m2), (p < 0.001). They also achieved BM reduction of 7.1 ± SD 5.4 kg (p <
0.001) and body fat percentage reduction of 6.4 ± 5.6% points (p < 0.001). Participants who had the
highest BMI at baseline (BMI ≥ 30-> 40; obesity classes 1, 2 and 3) lost the most of BMI units, total BM
and body fat percentage. BMI units (–5.6 ± SD 2.9 kg/m2, –2.4 ± 1.8 kg/m2 and –0.9 ± 1.5 kg/m2), total
BM (–16.1 ± SD 8.8 kg, –7.1 ± 5.4 kg and –2.5 ± 4.5 kg) and body fat percentage points (–9.5 ± SD 5.7%, –
6.6 ± 4.6% and –4.7 ± 5.3%) for participants who had baseline BMI in obese (n = 39), overweight (n = 36)
and normal range (n = 75), respectively (p baseline vs. current < 0.001 for all).
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Table 5: Baseline vs. current obesity indices (BMI, body mass (MB), body fat (BF) % and BMI classification) of all participants on WFPB lifestyle program from 0.5-10 years

Parameter

N

All participants

151

BMI (kg/m2)

Baseline

Current

BMI

BMI

26.4 ± 5.6

23.9 ± 3.8

Change

–2.5 ±
2.8

p–

Baseline

Current

value

BM

BM

75.8 ± 68.7

68.7 ± 14.0

Change

p–

Baseline

Current

value

BF

BF

28.7± 9.2

22.3 ± 7.3

Change

pvalue

< 0.001

BM (kg)

–7.1 ± 8.3

< 0.001

BF %

–6.4 ±
5.6

< 0.001

According to BMI
classification
Normal weight (BMI 18.5–

75

22.4 ± 1.7

21.5 ± 1.8

Pre-obesity (BMI 25–29.9)

36

26.9 ± 1.4

24.5 ± 1.5

Obesity (BMI  30)

39

34.0 ± 4.7

28.3 ± 3.9

24.9)

–0.9 ±
1.5
–2.4 ±
1.8
–5.6 ±
2.9

< 0.001

63.5 ± 8.4

61.0 ± 9.4

–2.5 ± 4.5

< 0.001

24.3 ± 7.0

19.5 ± 5.7

< 0.001

79.4 ± 9.6

72.2 ± 8.9

–7.1 ± 5.4

< 0.001

28.2 ± 8.1

21.6 ± 7.0

< 0.001

97.0 ± 18.7

80.9 ± 15.2

< 0.001

38.1 ± 6.7

28.6 ± 6.4

–16.1 ±
8.8

–4.7 ±
5.3
–6.6 ±
4.6
–9.5 ±
5.7

< 0.001
< 0.001
< 0.001

Data are mean ± standard deviation (SD). BMI classifications by the World Health Organization [69]. 1One participants was underweight (with normal BF % and MMI) and
therefore not include it into normal weight category.
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Discussion
Evaluation of the long-term (0.5-10 years) effect of WFPB lifestyle program on lifestyle and

BM management demonstrated statistically significant BM loss, decrease in BMI as well as BF
percentage points in all three groups. We hypothesized that adopting WFPB lifestyle program for 0.5–
<2 years was not yet adequate for final and sustainable beneficial changes, but proved the opposite.
There were no significant differences in relative body-composition changes (BMI, BF % and MMI) in
the group comparison, and therefore our hypothesis was rejected. According to the results of the
study, most significant and long-lasting changes occurred already within the first two years in WFPB
lifestyle program. The new, healthy lifestyle and WFPB dietary pattern were transferred further to
85.6% of underaged children of participants.
4.1. Motives for PBD
In our study we found that a major motive for WFPB dietary pattern was the health-benefit
aspect (score 7.9 of 8), which was followed by BM management/appearance (6.3), eating to satiety/no
hunger (4.9), convenience (4.3), environmental concerns (4.1), affordable overall dieting (3.7), animal
ethics (3.6), and religious reasons (1.1) (90% had chosen this as the least important motive of adopting
PBD). The health-benefit aspect was chosen as the primary motive to start eating PBD by 93% of the
participants, while 93% of the sample chose religion to be the least important motive for following a
PBD. We did not find unhealthy or obsessive eating behaviour associated with PBD.
According to previous studies, frequently emerging motives for choosing a strict PB (vegan)
diet included ethical (concerns about animal welfare, suffering, farming, rights, and speciesism),
health-related benefits (concerns about various chronic diseases risk, overall health and
longevity/mortality), BM management (concerns about being pre-obese or obese), environmental
(concerns about long-term ecological sustainability of human food production, lower levels of
greenhouse-gas emissions, and other planet-health aspects), and religious reasons (part of religious
lifestyle rules) [71–74]. A study on 100 self-reported vegans (defined by not eating meat, fish, poultry,
but eating dairy or egg-containing products less than once per month) that were living in different
U.S. states and recruited via print and electronic advertising showed that 47% of the vegans reported
health benefits as their main reason for being vegan, while animal-welfare, religious, and
environmental beliefs were identified by 40%, 9%, and 2%, respectively. In contrast, another study
recruited an international sample of 246 vegans through events and social media targeting vegans
found that ethical reasons (201) were almost fivefold more the cited reason for adopting PBD
compared to health benefits (45) [72]. A European study conducted in seven vegan supermarkets in
Germany on 329 consumers following the vegan diet revealed three main motives: animal-related
motives (89.7% respondents), motives related to personal well-being and/or health (69.3%), and
environment-related motives (46.8%); 81.9% of respondents mentioned more than one motive. The
authors concluded that making a dichotomous segmentation into ethical versus self-oriented
consumers disregards the fact that many consumers following a vegan diet are driven by more than
one motive [73]. Other authors further explored the question whether there were possible differences
in conviction, nutrition knowledge, dietary restriction, and duration of adherence to vegetarianism.
According to their original reasons for becoming vegetarian, 292 individuals (125 vegans and 109
vegetarians) were grouped (58 health and 234 ethical). The authors’ results suggested that ethical
vegetarians could experience stronger feelings of conviction and consume fewer animal products than
health vegetarians, and may remain vegetarians for longer. Nutrition knowledge did not differ
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between the two groups [75]. Furthermore, it has been hypothesized, especially in older observational
studies, that there is an association between plant-based diets and/or meat avoidance, and more eating
disorders (ED) [76]. Several recent studies suggest that a vegan diet with various dietary restrictions
does not directly lead to an eating disorder, and that cause and effect cannot be determined [77].
However, studies suggest that a vegan diet, contrary to common belief, is not associated even with a
rather new form of a yet-unclassified eating disorder that is an obsession of healthy eating (orthorexic
eating behaviour) [78]. Vegans and omnivores do not markedly differ in reported unhealthy eating
attitudes and behaviours, and when they do, vegans appear to endorse overall healthier attitudes and
behaviours toward food [1,76,79,80].
4.2. Lifestyle factors
At the baseline, when entering into our WFPB lifestyle program, the participants were
differently physical active, on average more sedentary without organized or systematic PA, more
participants smoked and more cigarettes and many of them had increased CVD risk factors, but we
did not systematically record them. Participants in our WFPB lifestyle program implemented the
proposed lifestyle changes very well and had on average a very limited daily sitting time, with PA
above the recommended, and had the recommended sleep quality and low perceived stress level.
Centenarian and longest-lived-population studies associate the low incidence and mortality of cancer
and CVD with exclusive or predominant PBD [21,81] but also with their lifestyle behaviours [22,39,71].
Often, it is assumed that PBD health benefits compared to an omnivore diet are more related to plantbased dieters accompanying it with healthier lifestyle choices. Lifestyle factors such as regular PA,
sleep quality, stress management, and socialization [36–39] were recognized to play an important role
in health, disease prevention, and longevity. Two large (UK and U.S.) cross-sectional studies on PB
dieters found that participants had lower incidence of smoking, consumed less alcohol and less
frequently, were physically more active, and were less sedentary [21,22]. PB dietary intervention alone
or accompanied by other lifestyle changes has demonstrated impressive health benefits. For example,
three randomized control trials showed major CVD (Lifestyle Heart Trial) (Ornish et al., 1990, 1998)
and early, low-grade prostate-cancer reversal in men (Prostate Cancer Lifestyle Trial) [84] where
researchers predominately used PBD as intervention, supplemented with soy isolate proteins, several
dietary supplements, and fortified conventional foods, and also included large overall lifestyle
changes (PA, stress management, smoking cessation, and group psychosocial support). On the other
hand, other researchers only used long-term WFPB diet as intervention without [85] and with a
control group [86], without systematically interfering in other lifestyle components (though are
accompanying almost automatically); they also measured remarkable results with CVD reversal.
Results in our study confirmed that a long-term WFPB lifestyle program that is primary based
on Supp WFPB diet and PA has a very beneficial, long-lasting impact on healthy BM management and
improved body-composition. Interestingly, we found favourable average weekly (five hours per day)
and weekend sitting (four hours per day) status compared to sedentary Western-type lifestyle trends
[87]. PA or a low level of PA was found to be the 10th leading risk factor from the list of burden of
diseases attributable to risk factors [88], while every day of prolonged sitting was found to potentially
have a causal relationship between sedentary behaviour and all-cause mortality based on several
epidemiological criteria [89]. Furthermore, regular higher PA may not neutralize all the negative
health effects of every-day occupational sitting [90]. The time spent sitting was in one study
independently associated with total mortality regardless of PA level. The combination of both sitting
and being less physically active was associated in this study with up to 94% and 48% increase in all-
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cause death rates in women and men compared with those who reported sitting the least and being
most active [91]. Since studies showed that PA alone has little or no significant long-term relationship
on BM or body composition [43,92,93], we could assume that this is true also for PB dieters. PA or
exercise was shown to have an important role in BM management, particularly when combined with
dietary changes [41,42]. Researchers also suggested that PA might not work as expected in BMmanagement studies because of the irregularity of performing PA or exercise and the concomitant
increase in energy intake in PA and BM-loss or body-composition studies [94].
WFPB dieters in our study incorporated PA more as an integrated lifestyle component and in
combination with a diet and where commitment is maintained through the assistance of an extensive
support system and community networks. People in this kind of environment became more aware of
the importance of being physically active, and stayed inspired by the health and life-quality benefits
and were also encouraged by other individuals on this path of change when they could see results on
their body composition or/and health. Outdoor habitual PA or PA in nature (biking, hiking, or regular
walking) for our studied participants became a norm, rhythm, and positive “addiction” that could
then be called a lifestyle choice. The reason for our high PA results, besides the possible overreporting of estimated PA, might lie in physically active lifestyle (walking on diverse hiking surfaces)
and some form of strength training (using own BM or attending fitness gyms) is promoted as an
integral part of PBD lifestyle. Another reason for high PA may be because the study was performed
during the summertime that is known to be the most physically active period in the year, and when
they encourage each other to do some PA for themselves, they socialize more, and are more healthoriented. In our study, we used a self-administered L-IPAQ questionnaire with acceptable reliability
and validity when assessing levels and patterns of PA in healthy adults in diverse settings [55,95,96],
and also for both genders of older adults (over 65 years of age) [97], which was important for our
sample in some cases. The L-IPAQ method is highly reliable; an assessment of test–retest repeatability
produced a correlation of 0.8 [95]. On average, our participants spent 5542 METs minutes weekly (792
METs minutes per day), where the most METs came from moderate PA, followed by vigorous PA and
daily walking. The frequency of organized resistance/weight-lifting workouts that lasted at least 30
minutes was estimated as average to 2.7 times weekly per participants. Some authors suggested that a
PA level of 3000 to 4000 METs minutes weekly is where most health gains occur [98].
Participants in our study reported a low perceived stress level (PSQ = 0.3 ± 0.1) with a
favourable positive-item score (17.3 ± 3.9) and no significant difference between the groups. Our
results on perceived-stress status are consistent with the results of the first study investigating selfreported mental-health domains in a large sample of vegans (n = 109) with vegetarians (n = 283) and
omnivores (n = 228) [99]. In the last few decades, society has also been faced with other important
lifestyle-behaviour challenges, such as stress and sleeping quality. Stress exposure increases the risk
for poor clinical outcomes across a variety of major health conditions [38], while sleeping disorders
have vast potential for adverse short- and long-term health consequences in otherwise healthy
individuals, as well as those with underlying medical conditions [100]. Researchers found that vegans
reported less anxiety and stress. In recent prospective study and their previous cross-sectional and
pilot randomized controlled studies [101,102], striving to eat a more plant-based diet with lower
intake of animal food was associated with better mood and mental health in general [9].
Concerning sleep, we found that the average time to go to sleep was mostly late (22:46),
average wake-up time is at 5:54 am, people fall asleep in less than 15 minutes (11.9 minutes), and sleep
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duration is less than 7 hours per night (6.97 hours). Dietary composition has been shown to influence
sleep duration, quality, and behaviours [99,103]. It was suggested that increasing fruit and vegetable
intake, choosing whole grains (high in fibre), milk products, fish, and vegetable oils (low in saturated
fat) also showed sleep-promoting effects [99]. A recent review of epidemiological studies showed that
a PBD may provide additional benefits to health via its potential effect on sleep quality, but failed to
establish a causal relationship between a plant-rich dietary pattern and sleep health [104]. Findings
from countries across Asia and Africa [105] and European countries [106] showed that sleep
disturbance was associated with socioeconomical insecurity and other environmental 24 h lifestyle
factors; thus, sleeping disorders are an emerging public-health issue.
Other lifestyle behaviours that are important and were included in our study are drinking
alcohol and smoking tobacco products. PB dieters are known to drink less alcohol compared to the
general population. In our study, we found that only 3 (2%) participants stated alcohol consumption
(less than 0.5 g of alcohol per day for the whole sample). Furthermore, 114 participants reported to not
smoke ever (76%), 9 participants reported to still smoke (6%) but less than before adopting Supp
WFPBD, 26 participants stopped smoking when they adopted the Supp WFPBD (17%; 5 participants
had been smoking for over 20 years, 13 for over 10 years, and 24 for more than 5 years), and 1
participant did not want to report their smoking status. Since the studied population were active
members of society, meaning studying, working, having families, and being physically active, these
results might not be surprising. Overall, the study results clearly showed that it is possible to maintain
a favourable balance between compliance to Supp WFPBD, PA, and healthy lifestyle factors in a
modern, fast-paced lifestyle. In a Swiss study, researchers found that alcohol abstinence was more
prevalent among vegans (28%) compared to vegetarians (6.1%) or omnivores (3.2%) [107].
4.3. Anthropometric and body composition measures
At the baseline, when entering into our WFPB lifestyle program, participants were not highly
motivated or had preference toward WFPB dietary pattern, what is evident from their average
maximal BM and baseline anthropometric and body composition status. Due to the BMI limitations,
we combined in our study the BMI with body-composition profile measurements, which is especially
important for smaller-scale observational studies and for people with sarcopenic obesity, as was
suggested by some researchers in this field [108,109]. Our results of body-composition status of the
whole sample and of the three compared groups (divided by gender) showed an improvement in
adopting the WFPB lifestyle. The possible reasons for the favourable outcome may be due to quality
and quantity of Supp WFPBD with the combination of being physically active and other lifestylerelated factors (good sleep, lower stress, limited alcohol intake, and being/becoming a non-smoker or
limiting smoking).
It is widely accepted that body composition can independently influence health [110]. BMI has
been consensually accepted, at least in epidemiological research, as a practical marker adopted as a
surrogate for obesity that is associated with a risk for chronic diseases and an increase in all-cause
mortality [109]. However, BMI is a poor index for total fat or fat distribution [111], and was criticized
for its lack of sensitivity to distinguish BM between fat mass and lean mass [109,112]. In brief, the BMI
from one review was shown to not be sensitive enough for up to 50% individuals with increased body
fat at normal BMI [113].
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Other studies on PB dieters found large variety in BMI status, and we could not directly
compare our study results with other cross-sectional studies since they did not follow the sample in
the transition from the end of a Western-type diet (in a pre-obesity state) through the transitional
period to a PBD lifestyle, and since many of them did not divide the samples by gender (see below).
Nevertheless, the average BMI of vegans in the Epic Oxford study was 22.49 kg/m2 for females and
21.98 kg/m2 for males [114], while in Adventist Health Study 2, 5548 vegans were found to have 24.1
kg/m2 BMI [21], which is interesting since the Epic Oxford vegans consumed slightly more calories, a
lot more total fat, and a lot less dietary fibre. The lower BMI of Epic Oxford vegans compared to the
Adventist Health Study 2 vegans cannot be attributed to the possible differences in female and male
ratios (females in general have higher BMI) in the studied populations since both studied samples had
similar ratios of female and male participants, namely, 72% more females than males in the Epic
Oxford study [114], and 75% more females in the Adventist Health study 2 [21]. PA may account for
more of the differences in the compared BMI samples, but differences in PA for which we do not have
comparable data are unlikely to explain the higher BMI of UK vegans, since studies showed that PA
alone has little long-term relationship on BM or body composition [43,92,93]. We may assume that
they lied about the reason in their baseline status and the motive of adopting PBD, meaning that the
UK sample may have started PBD lifestyle in a better baseline body composition than the U.S. sample,
but we cannot make a solid conclusion. Similarly unexpectedly, researchers measured the BMI of
British Indian vegans and found that their BMI was just below pre-obesity level (24.8 kg/m2) but with
a high body-fat percentage (32.7%) [115]. The body composition of low-calorie and low-protein 21 U.S.
raw food vegans was determined by DXA, whereas their BMI was 21.3 kg/m2 and body-fat percentage
was 13.7% for men and 26.9% for women [116]. BMI was also found to be very similar when
compared with 75 Danish vegans, measured by BIA, where researchers found their average to be 21
kg/m2 [117] and Swiss vegans (21.6 kg/m2), but we do not know the gender differences [107], which is
big limitation for a serious comparison with our results. An Italian study found that the average BMI
of 26 vegans (9 men and 17 women) was 23.7 kg/m2 and, with the BIA method, body-fat percentage
was 25.6% [118], but the researchers did not divide body-fat percentage by gender. Another European
cohort study (Epic Norfolk) that included only a small sample of vegans (12 males and 16 females)
found that vegans had BMI in pre-obesity range with 28 and 27 kg/m2 for males and females [119].
Meta-analysis of 37 studies on 12,241 vegans showed that BMI was on average within the healthy
weight range, but there was no difference in BMI for vegans compared to controls in Asia (23.3 kg/m 2)
but, for non-Asian studies, the difference was –1.92 kg/m2 [120].
4.4. Participants’ children
In our study, we found that the new, healthy WFPB lifestyle was transferred further to 85.6%
of children aged < 18 years and to 28.2% of children aged > 18 years, showing that it was more than
three times more likely to be transferred to under-aged children than to adult children. Such high
transfer of WFPB dietary pattern in Slovenia is of special success, as in Slovenia families and children
are not encouraged to practice a WFPB diet, as it has been the case in US (for 10 years already) [1,121],
Australia [5], Canada [4], Portugal [6], Great Britain [3] and Italy [2]. In California for example,
schools receive incentives to support more plant-based meals [122], similarly in Brazil [123]. In
Europe, Portugal passed a new law with vegan menu option requirement [124].
5.

Strengths and Limitations

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 October 2019

doi:10.20944/preprints201910.0280.v1

The strength of our study includes its long-term nature since the participants were on our
WFPB lifestyle program from 0.5-10 years. We followed their entire transformation from a Westerntype, more sedentary lifestyle and anthropometric measures and their baseline body-composition
components. A unique feature of our study is describing the sample in detail for both genders,
including their lifestyle and accompanying extensive support system. The study has also a good
geographical representation since our participants lived dispersed across the country, in six regions in
Slovenia, in urban, suburban, and rural areas. All measurements of quite a large sample were
addressed within a short period of 14 days. The investigated WFPB lifestyle program was already
confirmed in two of our previous intervention-type studies to be effective for BM normalization as
well as the short and medium term management of several CVD risk factors [28,44]. This study
confirmed the previously shown health benefits to have a long-lasting effect. It is also the first crosssectional study on Supp WFPB dieters that assessed several other important data (Table 1), such as
how many children (< 18 years and > 18 years) were born to participants practicing WFPB lifestyle,
their infants’ birth BM, and pregnancy BM gain. Most importantly, we documented an extremely high
successful transfer of healthy life-style to their children (to 85.6% of children aged < 18 years).
We are aware that our study has some obvious limitations inherent to epidemiological
studies, and due to the possibility of under- or over-reported estimates of lifestyle components that
were assessed by questionnaires. As a limitation, we see a constant need for a larger cross-sectional
sample (especially of males) and for performing a non-randomized study. We assumed that, we might
have lost power of the male sample, since it is known from WFPB dietary-intervention studies that the
ratio of women to men in the sample is strongly in favour of women. In addition, we could not
exclude the possible unknown impact of people who were within the set criteria, but did not respond
or were not willing to participate in the study. Furthermore, the use of a medically-approved bioimpedance body-composition monitor (our only option to involve this number of WFPB dieters to
participate in study during the summertime) instead of more accurate methods, for example, DEXA,
was another limitation. Additionally, our results were not limited to diet only, since participants were
practising a healthy and active lifestyle, where regular PA is associated with lower BMI and BF
percentage [125], especially in combination with a weight-management dietary program [41].
Additional stimulus for the better success of Supp WFPB diet was the enhanced and extensive support
system [28], since behaviour changes [126] and motives related to personal well-being and health [75]
may be a crucial part to remain a plant-based dieter for the long term. In the future, it would be
valuable to investigate the reasons why most of our screened people that adopted plant-rich diet did
not adopt a strict Supp WFPB diet or exclusively WFPBD.
6.

Conclusion
To the best of our knowledge, this is the first study to assess the effects of a short -, medium-,

and long-term (0.5-10 years) WFPB lifestyle program on body composition indices compared to
baseline characteristics. We confirmed the benefits of ad libitum Supp WFPB dietary pattern, without
calorie counting or portion control, associated with accompanying healthier lifestyle choices. The
study extended this finding by discovering no differences in lifestyle and body composition indices
between the participants of our WFPB lifestyle program for a short-, medium- and long-term. Our
data show that the majority of beneficial effects can be achieved already within the first two years, and
successfully maintained in the long term (i.e., 10 years) through an extensive support system. Our
results are of an utmost importance, contrasting the majority of weight-loss programs which have a
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high failure rate within the first two years and in the long-run. The present study confirms the benefits
of WFPB lifestyle program, including very effective and sustainable weight loss, the reduction of BF
percentage and handing over healthy and active lifestyle to the next generation (85.6 % of underage
children) in a real world setting with participants responsible for their financially sustainable eating
and own food preparation.
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