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Abstract

TURNER-MCGRIEVY, GABRIELLE M., NEAL D.
BARNARD, AND ANTHONY R. SCIALLI. A two-year
randomized weight loss trial comparing a vegan diet to a
more moderate low-fat diet. Obesity. 2007;15:2276-2281.
Objective: The objective was to assess the effect of a
low-fat, vegan diet compared with the National Cholesterol
Education Program (NCEP) diet on weight loss mainte-
nance at 1 and 2 years.

Research Methods and Procedures: Sixty-four overweight,
postmenopausal women were randomly assigned to a vegan
or NCEP diet for 14 weeks, and 62 women began the study.
The study was done in two replications. Participants in the
first replication (N = 28) received no follow-up support
after the 14 weeks, and those in the second replication (N =
34) were offered group support meetings for 1 year. Weight
and diet adherence were measured at 1 and 2 years for all
participants. Weight loss is reported as median (interquartile
range) and is the difference from baseline weight at years 1
and 2.

Results: Individuals in the vegan group lost more weight
than those in the NCEP group at 1 year [—4.9 (—0.5, —8.0)
kg vs. —1.8 (0.8, —4.3); p < 0.05] and at 2 years [—3.1
(0.0, —6.0) kg vs. —0.8 (3.1, —4.2) kg; p < 0.05]. Those
participants offered group support lost more weight at 1
year (p < 0.01) and 2 years (p < 0.05) than those without
support. Attendance at meetings was associated with im-
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proved weight loss at 1 year (p < 0.001) and 2 years (p <
0.01).

Discussion: A vegan diet was associated with significantly
greater weight loss than the NCEP diet at 1 and 2 years.
Both group support and meeting attendance were associated
with significant weight loss at follow-up.

Key words: weight-reducing diet, women’s health,
weight maintenance, menopause, weight loss

Introduction

Overweight and obesity are increasingly problematic in
the U.S. and other countries. Recent figures reveal that two
thirds of U.S. adults are overweight or obese (1). While
many studies have assessed short-term weight changes re-
sulting from diet, exercise, or a combination, few have
identified effective ways to maintain weight loss (2).

Vegetarian and low-fat diets have proven effective for
weight loss, as well as other health endpoints, particularly
cardiovascular risk reduction (3,4). However, their long-
term effect has not been well studied. The purpose of this
study was to examine the extent to which weight loss
achieved through a 14-week trial of a low-fat vegan diet or
a diet following the guidelines of the National Cholesterol
Education Program (NCEP)! is maintained at 1 and 2 years
after the intervention. The effect of social support, in the
form of group meetings, was also examined.

Research Methods and Procedures
The study methods have been reported (5-7). Briefly, 64
overweight or obese (BMI = 26 to 44 kg/m?) postmeno-
pausal women were recruited through newspaper advertise-
ments in the Washington, DC, area, and 62 women began
the study. Premenopausal women were excluded because of
possible hormonal effects on metabolic measures (8). Ad-

! Nonstandard abbreviations: NCEP, National Cholesterol Education Program; FFQ, food
frequency questionnaire.
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Table 1.

Diet adherence criteria, based on food frequency questionnaire

Vegan adherence criteria

NCEP adherence criteria

=1 dairy serving (i.e., 1 Tbsp sour cream, 1 cup milk,
etc.) per week

=3 ounces of meat, fish, or poultry per week

=1 egg per week

=2 servings of a high-fat item (such as mayonnaise,
margarine, lard, oil, salad dressings, avocados,
olives, nuts, or high fat pastry) per day

=5 servings of grains per day (1 serving = 1 slice of bread

or Y2 cup cooked grains)

=5 servings of fruits and vegetables per day
=6 ounces of lean meat per day
=2 servings of a high-fat item (such as mayonnaise,

margarine, lard, oil, salad dressings, avocados, olives,
nuts, or high fat pastry) per day

ditional exclusionary criteria included unstable medical sta-
tus, history of eating disorder or substance abuse, severe
mental illness, previously diagnosed diabetes, physical con-
ditions affecting body weight (e.g., Cushing’s disease), re-
cent use of estrogens, medications affecting appetite or body
weight, tobacco use, or already following a vegan diet.

Volunteers were recruited in two replications. Using a
random-number table, participants were assigned to a low-
fat vegan diet or a diet following the guidelines of the NCEP
(9) for 14 weeks. The low-fat vegan diet consisted of fruits,
vegetables, legumes, and grains. Animal products were pro-
scribed, and the use of unrefined foods was encouraged.
Participants were asked to limit high-fat plant foods, such as
avocados, nuts, and seeds. The NCEP diet followed the
former NCEP Step II guidelines, which are similar to the
current NCEP Therapeutic Lifestyle Changes diet (10).
There was no restriction on energy intake for either diet
group, and participants were encouraged to eat to satiety.

No meals were provided. During the 14-week interven-
tion, participants met weekly as a group with a physician
and registered dietitian for instruction in nutrition and meal
preparation. Diet sheets listing allowed and disallowed
foods were provided, along with recipes and tips for fol-
lowing the assigned diets at work, at home, at restaurants,
and while traveling. Participants were asked to maintain
their habitual physical activity levels during the 14-week
intervention.

At baseline and 14 weeks, dietary intake was recorded on
2 weekdays and 1 weekend day, using a food scale, after
participants had completed a full practice record. Records
were analyzed using Nutritionist V, Version 2.0, for Win-
dows 98 (First DataBank, Inc., Hearst Corporation, San
Bruno, CA). At the same time-points, body weight was
determined, with patients in light clothing without shoes,
using a digital scale accurate to 0.1 kg.

In the first replication, participants (14 vegan and 14
NCEP) were offered no support group meetings after the
initial 14-week intervention period (Unsupported). In the
second replication (17 vegan and 17 NCEP), all participants
were offered group meetings for 1 hour every 2 weeks for 1
year after the initial intervention (Supported). After the

initial 14-week intervention, all participants were encour-
aged to include physical activity as tolerated and maintain
their assigned diets. At 1 and 2 years, body weight was
measured as described above, and diet adherence was as-
sessed using the Nutritionist V, Version 2.0, for Windows
98 food frequency questionnaire (FFQ) (First DataBank,
Inc., Hearst Corporation). Participants were given an adher-
ence score based on food groups consumed or not consumed
on the FFQ. Four food group categories were assessed for
each diet, and participants were given a score of 0 to 4, with
4 being the highest compliance score (Table 1). A score of
3 or higher was considered compliant. Participant atten-
dance was recorded at all meetings.

All analyses were done on an intention-to-treat basis by
bringing the last value forward. Change scores were calcu-
lated between baseline and 1-year weights as well as be-
tween baseline and 2-year weights. Because of skewed
distributions of some data, non-parametric statistical tests
were used, with « set at 0.05, with the exception of age data,
which were normally distributed. Student ¢ test was used for
age, x* for other demographic data, and the Wilcoxon test
for weight and weight change data. Weight changes were
calculated within and between the 2 diet groups as well as
between Supported and Unsupported participants, meeting
attenders and non-attenders, and diet adherers and non-
adherers. SAS was used for all analyses (SAS system for
Windows, Version 8.2; SAS Institute, Inc., Cary, NC).

Results

Fifty-nine participants completed the 14-week interven-
tion. There were no significant demographic differences
between the NCEP and vegan groups (Table 2). The inten-
tion-to-treat analysis included all participants with baseline
data: 31 vegan (17 Supported and 14 Unsupported) and 31
NCEP (17 Supported and 14 Unsupported) participants.
One-year follow-up data were available for a total of 26
vegan (17 Supported and 9 Unsupported) and 27 NCEP (14
Supported and 13 Unsupported) participants. Two-year fol-
low-up data were available for 23 vegan (15 Supported and
8 Unsupported) and 25 NCEP (17 Supported and 11 Un-
supported) participants.
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Table 2. Baseline demographic characteristics

Vegan NCEP
group group
(n =31) n =31)
Mean age (years) (mean = SD) 574 *£47 557 *64
Age range 47-71 44-73
Race [N (%)]
White, non-Hispanic 20 (65) 18 (58)
Black, non-Hispanic 9 (29) 12 (39)
White, Hispanic 0(0) 1(3)
Other 2 (6) 00
Marital status [N (%)]
Single 8 (26) 5(16)
Married 13 (42) 18 (58)
Separated, divorced,
widowed 10 (32) 8 (26)
Education [N (%)]
High school graduate 13 2(7)
Partial college 6(19) 9 (29)
College graduate 15 (49) 10 (32)
Advanced degree 9 (29) 10 (32)
Occupation [N (%)]
No current employment 14 (45) 9 (30)
Service occupation 4 (13) 6 (19)
Technical, sales,
administrative 4 (13) 6 (19)
Professional specialty 3(10) 4 (13)
Executive, managerial 6 (19) 6 (19)

Results are presented in Table 3. The vegan group par-
ticipants lost more weight than the NCEP group at 1 year
[—4.9 (—0.5, —8.0) kg vs. —1.8 (0.8, —4.3) kg, respec-
tively; p < 0.05] and at 2 years [—3.1 (0.0, —6.0) kg vs.
—0.8 (3.1, —4.2) kg, respectively; p < 0.05]. Within-group
analyses revealed that the vegan group had weight loss at
both 1 year and 2 years, whereas the NCEP group had
significant weight loss at 1 year but not at 2 years.

Regardless of diet assignment, participants in Supported
groups lost more weight than Unsupported participants at 1
year and at 2 years. Supported vegan group participants lost
significantly more weight than the Unsupported vegan par-
ticipants at 1 year and at 2 years. Supported NCEP partic-
ipants also lost significantly more weight than Unsupported
NCEP participants at 1 year but not at 2 years (p = 0.214).
In the within-group analyses, there was significant weight
loss at 1 year for both Supported and Unsupported, but only
the Supported group still had a significant weight loss at
year 2.

For both diet groups combined, Supported participants
who attended more than one-half of the follow-up meetings
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(attenders) were more likely to lose weight than those who
attended fewer than one-half (non-attenders) at 1 year and at
2 years. There was no significant difference between vegan
attenders and non-attenders at 1 year (p = 0.08) or 2 years
(» = 0.08). Weight loss was significantly greater in NCEP
attenders vs. NCEP non-attenders at 1 year but not at 2 years
(p = 0.09).

At both 1 and 2 years, 12 vegan and 14 NCEP partici-
pants were non-adherent, while 19 vegan and 17 NCEP
were adherent. With both diet groups combined, there was
no significant weight loss difference at any follow-up point
between those who reported adherence to their respective
diets and those who were non-adherent at 1 year (p = 0.09)
or 2 years (p = 0.09). Within the vegan group, there was no
significant difference between adherers and non-adherers at
year 1 (p = 0.08), but there was a difference at year 2 (p <
0.05). Within the NCEP group, there were no significant
differences between non-adherers and adherers at 1 year
(» = 0.41) or 2 years (p = 0.42).

Discussion

In the present study, the vegan diet was associated with
significantly greater weight loss compared with the NCEP
diet at both 1 and 2 years. Group support and meeting
attendance were associated with sustained weight loss.

Epidemiological studies show that vegetarians and veg-
ans tend to have lower body mass, compared with omni-
vores (11,12). Such studies, however, may be confounded
by exercise and other healthful behaviors (13). To our
knowledge, this is the first randomized, controlled trial to
examine the effects of a low-fat vegan diet on weight-loss
maintenance.

The primary mechanism by which a low-fat, vegan diet
leads to a reduction in body weight is likely a reduction in
dietary energy density, due to its low fat content and high
fiber content (6). Low-fat diets have been shown to produce
significant weight loss in older women (14,15). Studies that
have examined weight-loss maintenance using a variety of
weight-loss diets have found an average 5-year weight-loss
maintenance of 3 kg or 3% of original body weight (16).
Improved weight loss maintenance has been seen among
women who continue on a low-fat diet. In a study examin-
ing weight maintenance, women in the lowest tertile of fat
intake (<25% of energy) regained the least amount of
weight (17). In the present study, both diets were low in fat,
but the vegan diet contained significantly less fat during the
14-week intervention (7). At the 14-week point, both groups
reported equal decreases in calorie intake but the vegan
group reported significantly greater fiber intake (7). It
should be noted, however, that dietary data at this single
time-point might not reflect dietary intake at other points in
the study. This dietary profile (low-fat, high-fiber) can lead
to a diet that is less energy-dense. Therefore, the vegan
group may have been taking in somewhat less energy,
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despite the fact that this was not detected in the diet records.
They were also able to eat a greater volume of food than the
NCEP group, without taking in extra calories. This may
explain why the vegan group was able to be more successful
long-term on the diet than the NCEP group. Aside from
dietary changes, exercise may have also contributed to
weight loss. Both groups were encouraged equally to in-
crease physical activity after the 14-week intervention. Ex-
ercise, however, was not measured during the follow-up
period.

It has also been observed that diets with a high glycemic
load or that contain a large amount of foods with a high
glycemic index can lead to weight gain and insulin resis-
tance (18,19). Although neither diet group was encouraged
to consume a low glycemic diet, the vegan group did
consume more fiber during the 14-week intervention (7),
which may have resulted in a lower glycemic load, leading
to a greater weight loss. Indeed, during the 14-week inter-
vention period, the vegan group did see a greater improve-
ment in insulin sensitivity than the NCEP group (6). Both
groups, however, were encouraged to limit refined grains in
favor of their high-fiber counterparts, and both groups had
an increase in carbohydrate intake (although more so in the
vegan group) during the 14-week intervention (7). The type
of carbohydrate (refined vs. non-refined), however, was not
assessed.

Prior studies have demonstrated the effect of social sup-
port (through support groups, friends, family, or spouses) on
both short- and long-term weight loss (20). In the present
study, there was a clear association between social support
and weight-loss maintenance. Regardless of diet assign-
ment, participants who received support in the form of
biweekly meetings had lost significantly more weight at 1
and 2 years than Unsupported participants. Support group
participants received biweekly meetings for only 1 year
post-intervention. The apparent benefit of this support, how-
ever, continued to be evident for an additional year, sug-
gesting that prolonged support and instruction can help
promote weight loss maintenance.

Those who had attended at least one half of the follow-up
group meetings had a significantly greater weight loss at 1
year than non-attenders. After an additional year without
meetings, the attenders still had lost significantly more
weight than non-attenders at 2 years. The directionality of
effect of attendance is unclear. While group support may
have facilitated weight loss, it is also possible that individ-
uals who had persistent difficulties with weight may have
been more likely to avoid meetings. Although the effect of
support meeting attendance on weight loss has not been
extensively studied, other aspects of the group meetings,
such as self-monitoring and social support, have been ex-
amined. Frequent weighing, which was part of the group
support structure, has been shown to greatly increase weight
loss (21). Within-group analyses show that attendance was
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associated with weight loss for both diet groups at 1 and 2
years. Looking between groups, only the NCEP group at 1
year seemed to benefit from attending the group meetings
more so than non-attenders. This trend was not apparent in
the vegan group as there were no significant differences
between vegan attenders and non-attenders at 1 and 2 years.
The N values for each group were low; it is possible that,
with a larger group, we would have seen a greater impact of
meeting attendance. It is also possible that those in both diet
groups who did not attend the meetings were not as adherent
to the diet. Non-adherence in the vegan group may have still
led to significant dietary changes that resulted in greater
weight loss than those in the NCEP group who did not
attend and were non-adherent.

Dietary adherence, as defined, was not significantly as-
sociated with weight loss at 1 or 2 years when both diet
groups were combined. When examining adherence by diet,
those members of the vegan group who reported adherence
did not lose significantly more weight at 1 year but did at 2
years. In the vegan group, both reported adherers and non-
adherers had significant weight loss at 1 and 2 years. Re-
ported adherence had no effect in the NCEP group on
weight loss. It is possible that our criteria were not sufficient
for measuring adherence or that participants who failed to
meet adherence criteria still changed their diets in a way that
decreased weight regain. Our sample sizes were also small
in this study; with a larger sample, we may have found that
adherence played a bigger role in preventing weight regain.
The use of an FFQ (vs. a 3-day diet record) may also not
have provided accurate dietary intake. The goal of measur-
ing adherence, however, was to examine long-term past
intake of food groups, and so the FFQ was appropriate for
this purpose.

Strengths of the study included the ability to examine a
variety of factors that may be associated with weight loss
maintenance after an initial intervention. We also used an
intention-to-treat design, which can help to avert the biases
seen with non-random dropout rates in either group. The
results are applicable outside the research setting because
participants were not provided food; they prepared their
own meals or ate at restaurants. There were some limitations
to our study. We measured body weight, not body fat, and
adherence was based on self-report using an FFQ.

As the rates of obesity rise, it is increasingly important to
find diets that produce effective weight loss and that can
continue to produce weight loss or weight loss maintenance
over the long-term. In this study, a vegan diet was associ-
ated with a greater weight loss at both 1 and 2 years
post-intervention, compared with a more conventional, low-
fat diet (NCEP). Both group support and meeting atten-
dance were associated with sustained weight loss, demon-
strating the value of follow-up support after a dietary
intervention.



Vegan Diet Weight Loss Maintenance, Turner-McGrievy et al.

Acknowledgments

The authors thank Paul Poppen for the statistical analy-

ses. There was no funding/outside support for this study.

10.

References

. Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin

LR, Flegal KM. Prevalence of overweight and obesity among
US children, adolescents, and adults, 1999-2002. JAMA.
2004;291:2847-50.

. Miller WC, Koceja DM, Hamilton EJ. A meta-analysis of

the past 25 years of weight loss research using diet, exercise or
diet plus exercise intervention. Int J Obes Relat Metab Disord.
1997;21:941-7.

. Barnard ND, Scialli AR, Bertron P, Hurlock D, Edmonds

K, Talev L. Effectiveness of a low-fat vegetarian diet in
altering serum lipids in healthy premenopausal women. Am J
Cardiol. 2000;85:969-72.

. Ornish D, Scherwitz LW, Billings JH, et al. Intensive life-

style changes for reversal of coronary heart disease. JAMA.
1998;280:2001-7.

. Barnard ND, Scialli AR, Turner-McGrievy G, Lanou AJ.

Acceptability of a low-fat vegan diet compares favorably to a
step II diet in a randomized, controlled trial. J Cardiopulm
Rehabil. 2004;24:229-35.

. Barnard ND, Scialli AR, Turner-McGrievy G, Lanou AJ,

Glass J. The effects of a low-fat, plant-based dietary inter-
vention on body weight, metabolism, and insulin sensitivity.
Am J Med. 2005;118:991-7.

. Turner-McGrievy GM, Barnard ND, Scialli AR, Lanou

AlJ. Effects of a low-fat vegan diet and a Step II diet on macro-
and micronutrient intakes in overweight postmenopausal
women. Nutrition. 2004;20:738—46.

. Henry CJ, Lightowler HJ, Marchini J. Intra-individual vari-

ation in resting metabolic rate during the menstrual cycle. Br J
Nutr. 2003;89:811-7.

. No authors listed. Summary of the second report of the

National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel II). JAMA.
1993;269:3015-23.

National Heart, Lung, and Blood Institute. Third Report of
the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

Cholesterol in Adults (Adult Treatment Panel I1I). Bethesda,
MD: National Institutes of Health; 2002.

Alewaeters K, Clarys P, Hebbelinck M, Deriemaeker P,
Clarys JP. Cross-sectional analysis of BMI and some lifestyle
variables in Flemish vegetarians compared with non-
vegetarians. Ergonomics. 2005;48:1433—-44.

Spencer EA, Appleby PN, Davey GK, Key TJ. Diet and
body mass index in 38000 EPIC-Oxford meat-eaters, fish-
eaters, vegetarians and vegans. Int J Obes Relat Metab Disord.
2003;27:728 -34.

Bedford JL, Barr SI. Diets and selected lifestyle practices of
self-defined adult vegetarians from a population-based sample
suggest they are more ‘health conscious.” Int J Behav Nutr
Phys Act. 2005;2:4.

Brehm BJ, Spang SE, Lattin BL, Seeley RJ, Daniels SR,
D’Alessio DA. The role of energy expenditure in the differ-
ential weight loss in obese women on low-fat and low-
carbohydrate diets. J Clin Endocrinol Metab. 2005;90:1475—
82.

. Mueller-Cunningham WM, Quintana R, Kasim-Karakas

SE. An ad libitum, very low-fat diet results in weight loss and
changes in nutrient intakes in postmenopausal women. J Am
Diet Assoc. 2003;103:1600—6.

Anderson JW, Konz EC, Frederich RC, Wood CL. Long-
term weight-loss maintenance: a meta-analysis of US studies.
Am J Clin Nutr. 2001;74:579—-84.

Leser MS, Yanovski SZ, Yanovski JA. A low-fat intake and
greater activity level are associated with lower weight regain
3 years after completing a very-low-calorie diet. J Am Diet
Assoc. 2002;102:1252-6.

Hare-Bruun H, Flint A, Heitmann BL. Glycemic index and
glycemic load in relation to changes in body weight, body fat
distribution, and body composition in adult Danes. Am J Clin
Nutr. 2006;84:871-9; quiz 952-3.

McMillan-Price J, Brand-Miller J. Low-glycaemic index
diets and body weight regulation. Int J Obes (Lond). 2006;
30(Suppl 3):40-6.

Verheijden MW, Bakx JC, van Weel C, Koelen MA, van
Staveren WA. Role of social support in lifestyle-focused
weight management interventions. Eur J Clin Nutr. 2005;
59(Suppl 1):179-86.

Linde JA, Jeffery RW, French SA, Pronk NP, Boyle RG.
Self-weighing in weight gain prevention and weight loss trials.
Ann Behav Med. 2005;30:210-6.

OBESITY Vol. 15 No. 9 September 2007 2281



