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PPLIED NUTRITIONAL INVESTIGATION

Effects of a Low-Fat Vegan Diet and a Step II Diet
on Macro- and Micronutrient Intakes in

Overweight Postmenopausal Women
Gabrielle M. Turner-McGrievy, MS, RD, Neal D. Barnard, MD, Anthony R. Scialli, MD, and

Amy J. Lanou, PhD
From the Physicians Committee for Responsible Medicine, the Department of Medicine,

George Washington University School of Medicine and Health Science, and the Department of
Obstetrics and Gynecology, Georgetown University Hospital, Washington, DC, USA

OBJECTIVE: This study investigated the nutrient intake of overweight postmenopausal women assigned to
a low-fat vegan diet or a Step II diet.
METHODS: Fifty-nine overweight (body mass index, 26 to 44 kg/m2) postmenopausal women were
randomly assigned to a self-selected low-fat vegan or a National Cholesterol Education Program Step II
diet in a 14-wk controlled trial on weight loss and metabolism. Nutrient intake, which was measured per
1000 kcal, was the main outcome measure. Statistical analyses included within-group and between-group
t tests examining changes associated with each diet.
RESULTS: Consumption of a low-fat vegan diet was associated with greater decreases in fat, saturated fat,
protein, and cholesterol intakes and greater increases in carbohydrate, fiber, �-carotene, and total vitamin
A intakes than was a Step II diet. The low-fat vegan group also increased thiamin, vitamin B6, and
magnesium intakes more than the Step II group, and both groups increased folic acid, vitamin C, and
potassium intakes. If considering only food sources of micronutrients, the low-fat vegan group decreased
vitamin D, vitamin B12, calcium, selenium, phosphorous, and zinc intakes compared with baseline.
However, with incidental supplements included, decreases were evident only in phosphorous and
selenium intakes. No micronutrient decreases were found in the Step II group.
CONCLUSIONS: Individuals on a low-fat vegan or Step II diet should take steps to meet the recommended
intakes of vitamin D, vitamin K, folic acid, calcium, magnesium, and zinc. Individuals on a low-fat vegan
diet should also ensure adequate intakes of vitamin B12, phosphorous, and selenium. Nutrition 2004;20:
738–746. ©Elsevier Inc. 2004

KEY WORDS: body weight, diet, energy intake, nutrition assessment, obesity, postmenopause,
vegetarianism
NTRODUCTION

egetarian and vegan diets are increasingly studied for the pre-
ention, management, or treatment of heart disease,1–3 diabetes,4,5

ypertension,1,6,7 cancer, and other chronic diseases.8–10 When
ell planned, such diets are nutritionally adequate11 and are gen-

rally higher in carbohydrate and fiber and lower in fat, saturated
at, cholesterol, protein, and energy than are omnivorous diets.12–18

lthough a few studies have compared the micronutrient contents
f vegetarian and omnivorous diets,15–17,19–22 with some showing
ncreased nutrient density with vegetarian diets19,23 and others
aising questions about nutrient intakes for the long term,20,22,24

nly very limited data are available on the nutrient content of
ow-fat vegan diets, despite their increased use in clinical and
esearch settings.16,17

This study examined how a change from an omnivorous diet to
low-fat vegan diet affects nutrient intake and fruit and vegetable

onsumption as compared with the National Cholesterol Education

his study was funded by the Cancer Project of the Physicians Committee
or Responsible Medicine.
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utrition 20:738–746, 2004
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Program Step II diet, hereafter referred to as the Step II diet.25 It
was part of a study examining the effects of a low-fat vegan diet
on body weight, with the Step II diet as a control. The Step II diet
is a low-fat diet (�30% kcal as fat) developed to treat hypercho-
lesterolemia. The Step II diet significantly decreased serum con-
centrations of low-density lipoprotein cholesterol, apolipoprotein
A-IV, and triacylglycerol-rich lipoproteins in comparison with
diets typical in the United States.26,27

The Step II26,27 and low-fat vegan1–10 diets are used in clinical
settings to prevent and treat a variety of chronic diseases, but there
is little available information on the effect these diets have on
nutrient intake. We therefore examined the changes in nutrient
intake associated with the Step II and low-fat vegan diets.

MATERIALS AND METHODS

Subjects

Sixty-four overweight postmenopausal women (body mass index
[BMI], 26 to 44 kg/m2) were recruited through newspaper adver-
tisements for a 14-wk trial comparing the effects of a low-fat
vegan diet with those of a Step II diet on body weight, resting
metabolic rate (RMR), thermic effect of food (TEF), and nutrient

intake. Volunteers were excluded if they had been diagnosed with

0899-9007/04/$30.00
doi:10.1016/j.nut.2004.05.005
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iabetes mellitus or any other endocrine condition that would
ffect body weight; were taking estrogen or any other medications
hat could affect weight, blood pressure, serum glucose, or lipid
oncentrations; had a history of alcohol abuse; had used tobacco
ithin the previous 6 mo; had a menstrual period in the preceding
2 mo; or had an unstable medical status. The Georgetown Uni-
ersity institutional review board approved the study, and in-
ormed consent was obtained from volunteers before enrollment.

onetary compensation of $100 was provided for completion of
ll pre- and postintervention measures.

tudy Design

his study was completed in two successive replications. Volun-
eers were randomly assigned, by using a computer-generated
andom number table, to a low-fat vegan diet or the Step II diet for
4 wk. Participants were asked not to alter their exercise habits
uring the intervention period, and activity was measured at base-
ine and at 14-wk with Bouchard’s 3-Day Physical Activity Record
or 24-h intervals on two weekdays and one weekend day on the
ame schedule as the 3-d dietary record. Participants were not
onstrained with regard to their use of vitamin or mineral supple-
ents. However, subjects on the vegan diet were asked to take

upplemental vitamin B12, such as any common multivitamin that
ontains at least 2 �g of vitamin B12, if they chose to continue the
iet after the 14-wk intervention.

ietary Intake

he low-fat vegan diet was designed to provide approximately
0% of energy from fat, 15% from protein, and 75% from carbo-
ydrate and consisted of grains, vegetables, legumes, and fruits,
ith no limit on energy intake or portions. Participants were asked

o exclude animal products, added oils, high-fat processed foods,
vocados, olives, nuts, nut butters, and seeds because these foods
re typically calorie dense. Participants following the Step II diet
ere asked to limit their total fat intake to no more than 60 g/d or
o more than 30% of energy (saturated fat � 7%, polyunsaturated
at � 10%, and monounsaturated fat � 15% of energy) and
holesterol to less than 200 mg/d. The Step II diet was designed to
rovide approximately 15% of energy from protein and 55% from
arbohydrate.

Participants in both groups were encouraged to eat to satiety.
here was no specified limit on energy intake or any attempt to
aintain isocaloric intake between the two groups. Throughout the

4-wk intervention, weekly 1-h meetings were held separately for
ach group and provided participants with group support, nutri-
ional information about their assigned diets, and cooking instruc-
ions. The Step II participants learned to identify and limit fat-rich
oods and learned cooking and shopping methods for limiting fat
ntake. The vegan participants were guided to consume a diet very

TA

SAMPLE V

reakfast Lunch

ran flakes with enriched soy milk
anana

Barley vegetable soup
Soy hotdog with mustard

hole wheat toast with jam Green salad with fat-free vin
range juice, calcium fortified Vegan low-fat animal cracke

Nutritional analysis: energy, 1538 kcal; carbohydrate, 306 g (72% of ca
1 g; cholesterol, 0 mg; vitamin A, 2920 RE; vitamin C, 341 mg; calcium
ow in fat consisting largely of whole-plant foods including fresh t
ruits, vegetables, salads with fat-free dressings, and simple grain
nd bean dishes prepared without added fat. Fat-free cooking
echniques and careful label reading were also taught. Participants
ere allowed to eat whatever they liked within the constraints of

heir prescribed diets. Nutritional instruction did not emphasize
ingle micro- or macronutrients but rather provided information on
ources of all nutrients.

Both groups received a list of allowable food groups and
uitable choices in each food group. For example, the Step II group
as instructed on low-fat choices from the meat, dairy, vegetable,

ruit, and grain groups. The vegan group was given examples of
ow-fat vegetable protein sources, fruits, vegetables, and grains. In
ractice, this led the vegan group to base meals around beans (e.g.,
into, black, and kidney beans), low-fat soy foods (e.g., low-fat
ofu, soy meat analogs, and soymilk), grains (e.g., rice, pasta,
uinoa, barley, and oats), vegetables, and fruit. Typically, the
ecommended Step II diet translated into 6 oz (170 g) of lean meat,
wo to three servings (490 to 735 g) of low-fat dairy products, two
o three servings (200 to 300 g) of vegetables, two servings (200
) of fruit, and five to six servings (200 to 240 g) of grains. The
ecommended vegan diet translated into one to two servings (150
o 300 g) of beans, one to two servings (85 to 170 g) of soy foods,
hree servings (300 g) of vegetables, three servings (300 g) of fruit,
nd five to six servings (200 to 240 g) of grains. A typical vegan
enu is presented in Table I.

For body weight, TEF, and RMR measurements, participants
ere asked to report to the Women’s Exercise Research Center

aboratory of George Washington University within 60 min of
aking and after a 12-h fast. TEF was measured after participants

onsumed a liquid test meal consisting of two cans of Boost Plus
Novartis Medical Health, Inc., Fremont, MI USA). Weight, TEF,
nd RMR were measured at baseline and at 14 wk by an exercise
hysiologist who used the same equipment at both determinations.
ody weight was determined and recorded by a researcher with a
igital scale accurate to 0.1 kg while participants wore undergar-
ents or a swimming suit. After 30 min of quiet supine rest in a

imly lit room, pulse, respiratory rate, and body temperature were
easured. RMR was then measured for 30 min through indirect

alorimetry (Sensormedics Vmax System, Yorba Linda, CA, USA)
sing a ventilated hood system.

Participants were instructed on how to keep a weighed, 3-d
ietary record, including food and supplement use, and were
rovided with food scales. A practice dietary record was com-
leted before the start of the assigned diet and reviewed during an
ndividual meeting with a registered dietitian. Participants then
ompleted baseline (before dietary change) and 14-wk (during the
ssigned diet) dietary records during two weekdays and one week-
nd day for a total of 6 d. Participants were encouraged to attach
ecipes for mixed dishes so each individual food ingredient and
mount could be entered. Most vegan products eaten by subjects
ere included in the Nutritionist V database. For the exceptions,

I.

MENU*

Snack Dinner

Apple Vegetable burrito with black beans, broccoli,
carrots, cauliflower, and mushrooms

e Brown rice
Fruit salad
Chocolate pudding made with rice milk

; fat, 17 g (10% as calories); protein, 66 g (18% as calories); fiber,
mg; iron, 16 mg.
BLE

EGAN

aigrett
rs

lories)
, 962
he research dietitian used the nutritional label and ingredients list
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f foods that were not included in the database to find an approx-
mate match. Each record was reviewed for completeness, and any
uestions about the record were discussed with the subject.

Fruit and vegetable intakes were also specifically examined. A
egistered dietitian, using Nutritionist V 2.0 for Windows 98 (First
ataBank Inc., Hearst Corporation, San Bruno, CA, USA), ana-

yzed dietary records with and without supplements, in addition to
ruit and vegetable intakes. In addition to the 3-d dietary records,
ietary compliance was assessed through 24-h food recalls that
ere administered three times during the study but were not

ubjected to statistical tests. These food recalls offered the research
ietitian an opportunity to identify the rare problems with compli-
nce with the diets (generally due to a lack of knowledge or
nderstanding about a specific food) and offer information and
ncouragement to help the participant to comply fully. The par-
icipant was considered non-compliant if two consecutive food
ecalls showed that she was not following the assigned diet or if
er final 3-d food record showed she was not following the
ssigned diet. Serum lipids were also measured and will be re-
orted in another report, when long-term data are available.

tatistical Methods

ata were analyzed with SAS 8.2 (SAS Institute, Inc., Cary, NC,
SA). Two sets of statistical analyses were conducted on nutrient

ntake. The first examined the similarity of the low-fat vegan diet
nd the Step II diet groups at baseline after random assignment.
he second set of analyses examined changes associated with each
iet. For each participant, 14-wk data were subtracted from base-
ine data to determine the magnitude of change for each measure.
etween-subjects t tests were calculated on these change values to
etermine whether the changes associated with the low-fat vegan
iet were greater than the corresponding changes associated with
he Step II diet. In addition, for each diet group, paired comparison
tests were calculated to determine whether the mean change from
aseline to 14 wk was significantly different from zero. Because
nergy intake was significantly lower for both groups at 14 wk as

TA

BASELINE DEMOGRA

Vega

Baseline

ean age (y) 57.4 � 4.8
ge range (y) 47–71
ace
White, non-Hispanic 22
Black, non-Hispanic 7
White, Hispanic 0

ducation
High school 1
Partial college 5
College graduate 14
Advanced degree 9

ody weight (kg)† 89.3 � 13.4
MI (kg/m2)† 33.6 � 5.2
MR (kcal/d) 1441 � 204
atio of reported energy intake (kcal) to RMR 1774:1441

Mean � standard deviation.
Significance of differences in within-group comparison, P � 0.001.
MI, body mass index; RMR, resting metabolic rate
ompared with baseline, dietary data were presented as nutrient a
ntake per 4.19 MJ (1000 kcal). All tests were conducted with an
level of 0.05.

ESULTS

ifty-nine volunteers completed the study. Participant characteris-
ics are listed in Table II. Of the 64 volunteers who met the
articipation criteria, one participant in the low-fat vegan group
id not begin the diet, and two others dropped out during the trial.
wo participants in the Step II group also dropped out during the
tudy. All statistical analyses were performed on subjects who
ompleted the study. There were no significant demographic dif-
erences between groups or between subjects who completed and
id not complete the study. A series of between-subjects t tests was
alculated for each baseline measurement. These tests established
hat there were no significant differences between groups at base-
ine, including baseline weight and macro- and micronutrient in-
akes between groups.

Within-group comparisons showed that the low-fat vegan
roup significantly increased reported intakes of carbohydrate,
ber, sugar, total vitamin A, �-carotene, thiamin, vitamin B6, folic
cid, vitamin C, magnesium, and potassium and decreased re-
orted intakes of protein, fat, saturated fat, monounsaturated fat,
olyunsaturated fat, cholesterol, vitamin D, vitamin B12, calcium,
hosphorous, selenium, and zinc per 4.19 MJ (1000 kcal). The
tep II group increased mean reported intakes of carbohydrate,
ber, sugar, folate, vitamin C, and potassium and decreased fat,
aturated fat, monounsaturated fat, and cholesterol intakes (Tables
II to V).

Between-group comparisons showed that the low-fat vegan
roup decreased intakes of protein, fat, saturated fat, monounsat-
rated fat, polyunsaturated fat, cholesterol, caffeine, vitamin B12,
nd phosphorous and increased intakes of carbohydrate, fiber, total
itamin A, and �-carotene to a greater degree than did the Step II
roup (Tables III to V).

At baseline, 8 (28%) of the 29 participants in the vegan group

II.

CHARACTERISTICS*

p (n � 29) Step II group (n � 30)

14 wk Baseline 14 wk

55.6 � 6.5
44–73

17
12
1

2
9

10
9

83.5 � 13.5† 86.1 � 12.1 82.3 � 12†
31.5 � 5.3† 32.6 � 3.3 31.2 � 3.5†
1289 � 197† 1392 � 169 1291 � 141†

1408:1289 1762:1392 1424:1291
BLE

PHIC

n grou
nd 8 (27%) of the 30 Step II group participants were taking
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ultivitamin-mineral supplements. At 14 wk, these figures were
even (24%) and seven (23%), respectively. At baseline, seven
25%) vegan participants and five (17%) Step II participants were
aking a calcium supplement. At 14 wk, these figures were four
14%) and four (13%), respectively. Only three participants at
aseline and one at 14 wk were taking single-nutrient supplements
ther than calcium.

With supplements included, within-group analyses indicated
ncreases in total vitamin A, �-carotene, magnesium, and potas-
ium intakes and decreases in phosphorous and selenium intakes in
he vegan group. The Step II group increased intakes of folate,
itamin C, and potassium. Between-group analyses showed that
he vegan group increased total vitamin A, �-carotene, potassium,
nd magnesium intakes and decreased phosphorous intake to a
reater degree than the respective changes in the Step II group
Tables IV and V).

The vegan group increased fruit consumption from a mean of
.0 to 3.1 daily servings (200 to 310 g; P � 0.01) and vegetable
ntake from 1.6 to 2.6 daily servings (160 to 260 g; P � 0.05). The
tep II group increased fruit intake from a mean of 2.1 to 3.2 daily
ervings (210 to 320 g; P � 0.05) but did not significantly change
egetable intake.

Total supplemented vitamin and mineral intakes in relation to
ietary reference intakes and recommended dietary allowances
ere examined (Table VI). These values were assessed to fully
nderstand the effect these dietary changes had on compliance
ith current dietary recommendations. At baseline, fewer than
0% of participants in each group met the recommended intakes
or vitamin D, vitamin K, folic acid, calcium, and magnesium. At
4 wk, fewer than 50% of participants in each group met the

TA

ESTIMATED MEAN MACRONUTRIENT INTAKE PER 4.19

Vegan group (n � 29)

Baseline 14

nergy (MJ/d) 7.42 � 2.39 5.89 �
rotein
Grams per 4.19 MJ (1000 kcal) 41 � 10 30 �
% Total energy 16 � 4 12 �

arbohydrate
Grams per 4.19 MJ (1000 kcal) 133 � 23 195 �
% Total energy 53 � 9 78 �

at
Grams per 4.19 MJ (1000 kcal) 34 � 9 13 �
% Total energy 30 � 8 11 �

aturated fat (g) 11 � 5 2 �
UFA (g) 10 � 3 3 �

UFA (g) 6 � 2 3 �
holesterol (mg) 131 � 62 12 �
iber (g) 12 � 4 22 �
ugar (g) 46 � 15 62 �
affeine (mg) 138 � 118 121 �
lcohol (g) 2.0 � 5.0 2.1 �

Mean � standard deviation. Six days of dietary intake were investigate
ervention.
For each participant, 14-wk data were subtracted from baseline data to

n nutrient intake was measured between the vegan and Step II groups.
P � 0.001, within-group comparison.
P � 0.05, within-group comparison.
P � 0.01, within-group comparison.
UFA, monounsaturated fatty acid; NS, not significant; PUFA, polyunsa
ecommended intakes for vitamin D, vitamin K, folic acid, cal- t
ium, magnesium, and zinc. In addition, at 14 wk, fewer than 50%
f vegan participants met the recommended intakes for vitamin
12, phosphorous, and selenium.

The 3-d dietary records (at baseline and 14 wk) and periodic
4-h food recalls showed a high degree of compliance, and no
articipant was dropped from the study due to non-compliance.
here were no significant differences between baseline activity

evels and 14-wk activity levels in either group according to the
ctivity records. The TEF results were reported elsewhere (Amer-
can Diabetes Association Conference, June 2002). Body weight
as also examined. The vegan group lost significantly more
eight than the Step II group (P � 0.05; Table II).

ISCUSSION

he adoption of a low-fat vegan diet or a Step II diet resulted in
ajor changes in nutrient intake. Among the macronutrients, pro-

ein, saturated fat, total fat, and cholesterol intakes decreased,
hereas carbohydrate and fiber intakes increased (cholesterol in-

ake reported for the low-fat vegan group was mainly artifactual
nd probably overestimated due to the absence in the Nutritionist

database of vegan versions of some common foods). These
hanges were greater than those in the Step II group and were
imilar to differences reported in previous studies of vegan di-
ts.13,14,18,28 Fat intake in the vegan group decreased to levels seen
n other studies using a low-fat vegetarian diet.3 Dramatic de-
reases in fat intake were achieved through weekly education
essions that aided the participants in adhering to the respective
iets. Protein intake also decreased in the vegan group. Although

II.

000 KCAL) OF WOMEN ON VEGAN AND STEP II DIETS*

Step II group (n � 30)
Change between

groups† (P)Baseline 14 wk

7.37 � 1.77 5.96 � 1.5‡ NS

43 � 8 47 � 12 �0.001
17 � 3 18 � 5 �0.001

133 � 20 154 � 22‡ �0.001
53 � 8 62 � 9‡ �0.001

33 � 8 22 � 7‡ �0.001
29 � 7 20 � 6‡ �0.001
10 � 3 6 � 3‡ �0.001
10 � 3 6 � 3‡ �0.001

6 � 3 5 � 3 �0.05
131 � 62 84 � 58‡ �0.001

11 � 4 14 � 5‡ �0.001
51 � 17 59 � 19§ NS
93 � 82 124 � 129 �0.05
2.0 � 4.0 2.7 � 5.5 NS

line is before the diet intervention and 14 weeks is during the diet in-

ine the magnitude of change for each measure. Significance of change

fatty acid.
BLE I

MJ (1

wk

1.78�

5‡
2‡

15‡
6‡

5‡
4‡
2‡
2‡
2‡
24‡
7‡
17‡
78
4.7

d. Base

determ

turated
he vegan group’s protein intake dropped, the average intake of
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1 g (12% of kilocalories) at 14 wk remained within the dietary
eference intake range of 40 to 52 g/d. This range was calculated by
sing the dietary reference intake of 0.8 g/kg of body weight, the
verage height of participants (163 cm), and their calculated ideal
ody weight of 50 to 65 kg (BMI, 18.8 to 24.5 kg/m2), not actual body
eight, as is appropriate for overweight individuals.29 Studies exam-

ning the protein intake of vegans and vegetarians have found similar
esults, with both groups consuming adequate protein.19,23

Decreased intakes of saturated fat and cholesterol have been
30,31

TA

ESTIMATED MEAN VITAMIN INTAKE PER 4.19 MJ (

Vegan group (n � 29)

Baseline 14 wk

otal vitamin A (RE)‡
Food 696 � 499 1239 � 1113#
Food � supplements 850 � 556 1405 � 1107¶

-Carotene (�g)
Food 380 � 588 1042 � 1324¶
Food � supplements 568 � 755 1230 � 1358¶

itamin D (�g)
Food 1.1 � 0.8 0.7 � 0.9#
Food � supplements 2.9 � 3.5 2.9 � 4.9

itamin E (ATE)§
Food 3.0 � 1.1 2.7 � 1.2
Food � supplements 21.1 � 47.9 24.3 � 62.3

itamin K (�g)
Food 47.2 � 57.9 62.4 � 66.5
Food � supplements 52.8 � 60.1 67.6 � 74.3

hiamin (mg)
Food 0.8 � 0.2 1.2 � 0.4�

Food � supplements 2.1 � 4.4 1.5 � 0.7
iboflavin (mg)
Food 0.8 � 0.2 0.8 � 0.2
Food � supplements 2.1 � 4.5 1.1 � 0.6

iacin (mg)
Food 10.5 � 3.6 9.5 � 2.2
Food � supplements 18.1 � 25.4 12.8 � 6.9

itamin B6 (mg)
Food 0.9 � 0.4 1.0 � 0.3#
Food � supplements 4.7 � 13.1 4.9 � 19.1

itamin B12 (�g)
Food 1.9 � 1.4 0.7 � 0.8�

Food � supplements 16.8 � 62.0 20.1 � 95.5
olate (�g)
Food 176 � 88 261 � 108¶
Food � supplements 260 � 213 342 � 216

itamin C (mg)
Food 66 � 41 124 � 60�

Food � supplements 148 � 273 161 � 122

Mean � Standard deviation. Six days of dietary intake were investigate
ention.
For each participant, 14-wk data were subtracted from baseline data to

n nutrient intake was measured between the vegan and Step II groups.
Although the new DRI for vitamin A is in RAEs, the total vitamin A in

eport in RAEs. It includes retinol and carotenoid intakes.
Nutritionist V software does not differentiate between the various forms
urrent DRIs for vitamin E are in milligrams.
P � 0.001, within-group comparison.
P � 0.05, within-group comparison.
P � 0.01, within-group comparison.
TE, �-tocopherol equivalent; DRI, dietary reference intake; NS, not sign
hown to decrease the risk of heart disease. High fiber intake i
as been associated with decreased risks of diabetes,32 cancer,33,34

nd heart disease.35 In comparison with the Step II diet, the overall
acronutrient pattern in the vegan group more closely approxi-
ated that associated with improvements in cardiovascular dis-

ase,3 diabetes,4,5 and hypertension7 in clinical trials and with a
ower risk of cancer in epidemiologic studies.8–10

Notable non-supplemented micronutrient changes in the vegan
roup included increases in total vitamin A, �-carotene, thiamin,
itamin B6, folic acid, vitamin C, magnesium, and potassium

V.

CAL) OF WOMEN ON VEGAN AND STEP II DIETS*

Step II group (n � 30)
Change between

groups† (P)Baseline 14 wk

941 � 918 859 � 463 �0.05
985 � 626 1019 � 557 �0.05

427 � 823 453 � 563 �0.05
443 � 493 595 � 700 �0.05

1.9 � 4.1 1.6 � 2.3 NS
3.5 � 5.1 3.2 � 3.9 NS

4.5 � 6.6 5.6 � 12.4 NS
15.3 � 26.0 16.4 � 36.3 NS

42.7 � 39.3 64.2 � 58.6 NS
42.9 � 40.7 68.2 � 57.8 NS

1.3 � 2.9 1.1 � 0.5 NS
2.2 � 5.1 2.1 � 4.5 NS

1.4 � 3.0 1.0 � 0.3 NS
2.4 � 5.2 2.0 � 4.4 NS

12.2 � 9.5 13.4 � 4.9 NS
15.3 � 10.9 16.8 � 8.8 NS

1.2 � 2.8 1.3 � 0.5 NS
6.5 � 22.7 9.2 � 37.8 NS

2.2 � 1.8 1.9 � 1.4 �0.05
4.4 � 6.0 4.1 � 6.0 NS

161 � 65 217 � 82� NS
209 � 124 267 � 152¶ NS

76 � 47 114 � 54� NS
109 � 91 144 � 97# NS

eline is before the diet intervention and 14 wk is during the diet inter-

ine the magnitude of change for each measure. Significance of change

easured in this study is reported in REs because Nutritionist V does not

tocopherol; so, in the present study, vitamin E was recorded in ATEs.

t; RAE, retinol activity equivalent; RE, retinol equivalent.
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horous, selenium, and zinc intakes. In the Step II group, there
ere increases in non-supplemented micronutrient intakes of folic

cid, vitamin C, and potassium, with no significant decreases in
on-supplemented intakes of the other nutrients studied.

Compared with omnivores, vegetarians tend to have higher
ntakes and serum concentrations of �-carotene36 and total vitamin
.23,36 Vegans and vegetarians typically have lower intakes of
itamin D,14,37 higher intakes of vitamin E,17,23,38 and higher
itamin E serum concentrations21,24 compared with non-
egetarians. In the current study, there were no significant differ-
nces between or within groups in vitamin E intake, probably due
o the limitation of added vegetable oils and nuts in both groups.

The vegan group had a significant increase in thiamin intake
ut no change in riboflavin or niacin intakes. Studies have found
imilar results regarding thiamin when comparing vegan or vege-
arian diets with omnivorous diets,23,38,39 but results on niacin
ntake and serum concentrations have been variable.14,38,40 Folic
cid is critical for healthful pregnancies41,42 and plays a role in
ecreasing serum homocysteine concentrations, a factor of poten-
ial importance in the prevention of cardiovascular disease43 and
lzheimer’s disease.44 Folic acid intakes increased for the vegan
roup, a finding consistent with most studies,16,17,39 and for the
tep II group. Vegans and vegetarians, in general, have higher

ntakes and serum levels of vitamin C than do individuals con-
uming omnivorous diets.12,16,17,21

Calcium intake has usually, but not always, been reported to be
37,45,46

TA

ESTIMATED MEAN MINERAL INTAKE PER 4.19 MJ (

Vegan group (n � 29)

Baseline 14 wk

alcium (mg)
Food 392 � 146 314 � 108§
Food � supplements 494 � 241 409 � 245

ron (mg)
Food 9.5 � 4.7 11.0 � 3.4
Food � supplements 11.7 � 7.6 13.3 � 5.9
agnesium (mg)
Food 151 � 47 172 � 53§
Food � supplements 167 � 62 206 � 106§

hosphorous (mg)
Food 586 � 125 448 � 111‡
Food � supplements 608 � 145 495 � 176�

otassium (mg)
Food 1506 � 461 1804 � 514�

Food � supplements 1543 � 513 1841 � 559§
elenium (mg)
Food 0.05 � 0.06 0.03 � 0.02§
Food � supplements 0.07 � 0.09 0.03 � 0.02§

odium (mg) 1375 � 372 1491 � 499
inc (mg)
Food 4.6 � 1.9 3.4 � 1.1‡
Food � supplements 6.8 � 4.2 5.8 � 4.8

Mean � standard deviation. Six days of dietary intake were investigate
ention.
For each participant, 14 wk data were subtracted from baseline data to

n nutrient intake was measured between the vegan and Step II groups.
P � 0.001, within-group comparison.
P � 0.05, within-group comparison.
P � 0.01, within-group comparison.
S, not significant.
ower among vegans than among omnivores. However, we e
ound no significant difference in the changes between groups,
eflecting the low baseline calcium intake of both groups and the
egan group’s use of leafy greens and fortified foods such as
oymilk and orange juice. Although we found no significant dif-
erence between groups with regard to iron intake, previous studies
ave shown vegetarians and vegans to have higher38,46,47 or low-
r19,20 intakes. Two studies have reported that vegans are no more
ikely than omnivores to have low serum ferritin stores, although
emales are at greater risk of below-normal ferritin values regard-
ess of diet.16,48 Prior studies have reported that vegetarians and
egans have a lower or higher intake of selenium than omni-
ores.28,36,46 Because selenium may be protective against some
ancers, it would be important for vegans following a low-fat
egan diet to be aware of selenium-rich foods. Previous findings
n zinc intake and serum concentrations among vegetarians have
lso been variable.18–20,36,38,45–49

The reported supplement use in this study was much lower than
xpected, given other studies reporting that more than 50% of
dults in the United States use vitamin or mineral supplements.50

ecause supplementation was neither encouraged nor discouraged
n this study, we did not expect a change in supplement usage
etween baseline and 14 wk.

An advantage of the present study is its applicability outside the
esearch setting, because the participants in this study prepared
heir own meals or ate at restaurants with minimal monitoring
weekly meetings). The study also has limitations. Because nutri-

V.

CAL) OF WOMEN ON VEGAN AND STEP II DIETS*

Step II group (n � 30)
Change between

groups† (P)Baseline 14 wk

463 � 365 430 � 202 NS
556 � 402 530 � 299 NS

8.3 � 3.0 9.1 � 2.7 NS
10.3 � 5.3 11.2 � 6.1 NS

153 � 146 161 � 63 NS
174 � 153 185 � 93 NS

550 � 125 555 � 150 �0.001
559 � 137 580 � 162 �0.05

1463 � 370 1760 � 372‡ NS
1483 � 380 1765 � 383‡ NS

0.04 � 0.03 0.24 � 1.07 NS
0.05 � 0.03 0.24 � 1.07 NS
1565 � 547 1473 � 534 NS

6.0 � 6.8 4.5 � 2.4 NS
8.3 � 7.6 6.6 � 4.8 NS

line is before the diet intervention and 14 wk is during the diet inter-

ine the magnitude of change for each measure. Significance of change
BLE

1000 K
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nt intake was analyzed only at baseline and at 14 wk, it may not
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e representative of consumption patterns over the entire 14-wk
eriod. A total of 6 d of dietary intake was recorded, and, although
hat was likely enough time to accurately assess macronutrient
ntake, it may have been too short for an accurate overall micro-
utrient intake profile. It may be difficult to assess selenium intake
ecause nutrient analysis programs do not account for potentially
arge regional variations in the selenium content of soil (and,
ence, of food crops).51 In addition, the food records were ana-
yzed by a research dietitian, which could have influenced partic-
pants in their reporting of “desirable” or “undesirable” foods.

Under-reporting of dietary intake, particularly for food items
hat may seem nutritionally undesirable, is common in individuals
ith higher BMIs.52 The study participants were selected to have
igh BMIs. At baseline, the ratios of energy intake to RMR, a
roxy for the validity measurements of the ratio of energy intake
o energy expenditure, were 1.23 and 1.27 for the vegan and Step
I participants, respectively. These values are consistent with the
atio of energy intake to basal energy expenditure of 1.24 reported
rom the Third National Health and Nutrition Examination Survey
or women in the second BMI tertile (mean BMI, 25.7) who
nswered “yes” to the question, “Are you currently trying to lose
eight?”.53 However, these values fall into the range of cutoff
alues for low energy reporters (�0.9 to �1.28) from papers
eviewed by Livingstone and Black54 and, therefore, indicate that
ome level of under-reporting did occur. If activity is taken into
ccount and the standard Goldberg cutoff physical activity level of
.55 is used to calculate total energy expenditure, then the baseline
stimated ratios of energy intake to energy expenditure are 0.79
nd 0.82 for the vegan and Step II participants, respectively. When

TA

PERCENTAGE OF PARTICIPANTS MEETING THE D

utrient

Vegan group (n � 29)

Baseline 14

SP NSP SP

rotein* 90 55
itamins†
Total vitamin A 72 41 79
Vitamin D 21 0 21
Vitamin K 28 38 35
Thiamin 76 72 90
Riboflavin 66 69 69
Niacin 76 72 45
Vitamin B6 55 45 52
Vitamin B12 72 66 34
Folic Acid 31 14 45
Vitamin C 86 76 90
inerals
Calcium 17 7 7
Iron 97 86 97
Magnesium 31 21 14
Phosphorous 79 76 31
Potassium 69 72 76
Selenium 79 0 28
Zinc 59 21 24

Protein based on a DRI of 0.8 g/kg of ideal body weight. Ideal body w
5 kg (body mass index, 18.8 to 24.5 kg/m2). Therefore, the DRI for pro
Nutritionist V software does not differentiate between the various forms
-tocopherol equivalents. Current DRIs for vitamin E are in milligrams.
RI, dietary reference intake; NSP, non-supplemented; RDA, recommend
sing this physical activity level and assuming weight stability, the t
verage estimated level of under-reporting of caloric intake was
bout 20% in both groups.54

This is an issue in any study relying on self-reported dietary
ntake. However, under-reporting most likely occurred at baseline
nd at 14-wk, so the degree of change in caloric intake should be
ccurate. Moreover, although energy intake tends to be underesti-
ated by individuals with higher BMIs, it appears to be underes-

imated to the same degree in vegans and omnivores.55 Further, we
hose to use a 3-d food record over a food-frequency questionnaire
ecause studies have shown that 3-d food records have a high
egree of validity, especially in populations following a low-fat
ietary intervention program.56 This study, as any study of non-
nstitutionalized individuals, relied on self-reports for assessing
utrient intakes. The 3-d diet records and the periodic 24-h food
ecalls showed a high degree of compliance, and no participant
as dropped from the study due to non-compliance. Evidence of

ompliance in this study comes not only from the diet records and
ood recalls but also from objective changes in body weight
eported here and changes in serum cholesterol and insulin sensi-
ivity to be reported elsewhere. Although both groups participated
oncurrently, there was no attempt to isolate the effects of seasonal
ariation on nutrient intake. The present study was a short-term
ntervention. Investigation of the long-term sustainability and com-
liance of the low-fat vegan and Step II diets and resultant weight
oss is currently underway.

There are clearly many ways to implement low-fat vegan diets.
ecause these diets are defined by what they omit (added fats or
nimal-derived foods) rather than by what they include, they could
mphasize grain products, vegetables, fruit, or legumes. Each of

I.

RDA FOR PROTEIN, VITAMINS, AND MINERALS

Step II group (n � 30)

Baseline 14 wk

NSP SP NSP SP NSP

100 97

55 80 50 77 60
0 30 3 27 7

45 30 47 47 50
83 73 60 83 80
59 80 70 80 73
31 83 73 83 77
45 70 53 77 60
14 73 67 53 40
34 30 13 23 7
86 87 80 93 87

0 30 13 16 13
93 93 87 100 67
14 30 20 13 7
28 73 77 60 53
76 80 77 73 73
0 77 0 73 0
0 60 23 33 7

or this group, based on the average height of 163 cm, would be 50 to
ake of 0.8 g/kg would be 40 to 52 g/d.
tocopherol; so, in the present study, vitamin E was recorded in

tary allowance; SP, supplemented
BLE V

RI OR

wk

eight f
tein int

of �-

ed die
hese food groups would have its own effects on nutrient intake,
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specially for micronutrients. Low-fat vegan diets emphasizing
reen leafy vegetables, beans, and vitamins D- and B12-fortified
hole grain cereals would likely have increased intakes of vitamin
, calcium, phosphorous, and zinc, whereas vegan diets empha-

izing nuts and seeds would likely increase selenium. Similarly,
he use of unrefined grain products increases fiber intake, whereas
he use of refined grains decreases it. Emphasizing beans, meat
lternates, nuts, seeds, some whole grains, and vegetables would
esult in higher protein intakes, whereas the use of fruit, beverages,
nd refined grains would result in lower protein consumption. Our
ntervention group showed the nutrient effects not of vegan diets
enerally but of one set of low-fat vegan dietary guidelines on the
utrient intake of free-living participants interpreting and imple-
enting these guidelines. Other guidelines would be expected to

ead to very different protein and micronutrient profiles.
Research has shown that a diet deriving 10% of calories from

at facilitates weight loss, control of blood pressure, and reversal of
therosclerosis.1,3,4 However, the recommendation of any thera-
eutic diet must be accompanied by attention to nutritional ade-
uacy. Although there is some debate as to whether increasing
arbohydrate intake and decreasing fat intake increases triacyl-
lycerol and glucose levels, most research has shown that low-fat,
igh-carbohydrate diets result in substantial reductions in body
eight. This in turn produces beneficial results on insulin resis-

ance and triacylglycerol formation.57 However, people following
very low-fat diet should incorporate regular physical exercise

nto their lifestyle to prevent increases in triacylglycerol and glu-
ose levels.58

The results of this study show that the adoption of a low-fat
egan diet improves several aspects of macronutrient intakes,
rovided that adequate attention is paid to micronutrient-rich
oods. This would also apply to other low-fat or reduced-calorie
iets. A dietitian or other nutritional professional can provide
mportant guidance to individuals implementing weight-loss pro-
rams. The present study is useful because it helps us to better
nderstand the effects therapeutic low-fat vegan or Step II diets
ave on overall nutrient intake.

Overall, a change from an omnivorous diet to a low-fat vegan
iet led to greater reductions in fat, saturated fat, and cholesterol
ntakes than those reported for the Step II diet. The vegan group
ncreased nutrient density from baseline for total vitamin A,
-carotene, thiamin, vitamin B6, folate, vitamin C, magnesium,
nd potassium. Nutrient density decreased for protein, vitamin D,
itamin B12, calcium, phosphorous, selenium, and zinc on an
on-supplemented low-fat vegan diet. To increase intakes of these
utrients, people following a low-fat vegan diet should emphasize
egumes and whole grains for protein; supplemental sources of
itamin D and B12, such as fortified cereals and soymilk to
ncrease vitamin D and B12 intakes; leafy greens, beans, and
ortified soymilks and juices to increase calcium intake; and whole,
nrefined grains, nuts, and seeds to increase phosphorous, sele-
ium, and zinc intakes. However, the use of self-selected supple-
ents in the present study attenuated many of these reductions.
he Step II diet increased folate, vitamin C, and potassium intakes,
nd there were no significant decreases in micronutrient intakes.
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0. Löwik MRH, Schrijver J, Odink J, van den Berg H, Wedel M. Long-term effects
of a vegetarian diet on the nutritional status of elderly people (Dutch Nutrition
Surveillance System). J Am Coll Nutr 1990;9:600

1. Rauma A-L, Mykkänen H. Antioxidant status in vegetarians versus omnivores.
Nutrition 2000;16:111

2. Hokin BD, Butler T. Cyanocobalamin (vitamin B-12) status in Seventh-day
Adventist ministers in Australia. Am J Clin Nutr 1999;70:576S

3. Nieman DC, Underwood BC, Sherman KM, Arabatzis K, Barbosa JC, Shultz TD.
Dietary status of Seventh-day Adventist vegetarian and non-vegetarian elderly
women. J Am Diet Assoc 1989;89:1763

4. Pronczuk A, Kipervarg Y, Hayes KC. Vegetarians have higher plasma alpha-
tocopherol relative to cholesterol than do nonvegetarians. J Am Coll Nutr

1992;11:50



2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

5

5

5

746 Turner-McGrievy et al. Nutrition Volume 20, Number 9, 2004
5. American Heart Association. Step I and step II diets. AHA scientific position.
Available at: http://www.americanheart.org/presenter.jhtml?identifier�4764.
Accessed February 26, 2003

6. Sun Z, Welty FK, Dolnikowski GG, Lichtenstein AH, Schaefer EJ. Effects of a
National Cholesterol Education Program Step II Diet on apolipoprotein A-IV
metabolism within triacylglycerol-rich lipoproteins and plasma. Am J Clin Nutr
2001;74:308

7. Schaefer EJ, Lamon-Fava S, Ausman LM, et al. Individual variability in lipopro-
tein cholesterol response to National Cholesterol Education Program Step 2 diets.
Am J Clin Nutr 1997;65:823

8. Johannson G, Callmer E, Gustafsson J-Å. Changing from a mixed diet to a
Scandinavian vegetarian diet: effects on nutrient intake, food choice, meal pattern
and cooking methods. Eur J Clin Nutr 1992;46:707

9. Dietitians of Canada. Manual of clinical dietetics, 6th ed. Chicago: American
Dietetic Association, 2000

0. Weggemans RM, Zock PL, Katan MB. Dietary cholesterol from eggs increases
the ratio of total cholesterol to high-density lipoprotein cholesterol in humans: a
meta-analysis. Am J Clin Nutr 2001;73:885

1. Schaefer EJ. Lipoproteins, nutrition, and heart disease. Am J Clin Nutr 2002;75:
191

2. Wolever TM, Hamad S, Gittelsohn J, et al. Low dietary fiber and high protein
intakes associated with newly diagnosed diabetes in a remote aboriginal com-
munity. Am J Clin Nutr 1997;66:1470

3. Greenwald P, Clifford CK, Milner JA. Diet and cancer prevention. Eur J Cancer
2001;37:948

4. Williams GM, Williams CL, Weisburger JH. Diet and cancer prevention: the
fiber first diet. Toxicol Sci 1999;52:72

5. Anderson JW, Hanna TJ, Peng X, Kryscio RJ. Whole grain foods and heart
disease risk. J Am Coll Nutr 2000;19:291S
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