Nutrients 2014, 6, 2523-2539; doi:10.3390/nu6072523
OPEN ACCESS

nutrients
ISSN 2072-6643
www.mdpi.com/journal/nutrients
Article

Evaluation of a Validated Food Frequency Questionnaire for
Self-Defined Vegans in the United States
Patricia Dyett 1, Sujatha Rajaram 2,*, Ella H. Haddad 2 and Joan Sabate 2
1

2

Department of Agricultural Economics and Extension, University of the West Indies,
St. Augustine, Trinidad and Tobago; E-Mail: patricia.dyett@sta.uwi.edu
School of Public Health, Loma Linda University, Loma Linda, CA 92350, USA;
E-Mails: ehaddad@llu.edu (E.H.H.); jsabate@llu.edu (J.S.)

* Author to whom correspondence should be addressed; E-Mail: srajaram@llu.edu;
Tel.: 1-909-558-4598; Fax: 1-909-558-4095.
Received: 19 March 2014; in revised form: 20 June 2014 / Accepted: 27 June 2014 /
Published: 8 July 2014

Abstract: This study aimed to develop and validate a de novo food frequency
questionnaire for self-defined vegans in the United States. Diet histories from pilot samples
of vegans and a modified ‘Block Method’ using seven selected nutrients of concern in
vegan diet patterns, were employed to generate the questionnaire food list. Food frequency
responses of 100 vegans from 19 different U.S. states were obtained via completed mailed
questionnaires and compared to multiple telephone-conducted diet recall interviews.
Computerized diet analyses were performed. Correlation coefficients, t-tests, rank,
cross-tabulations, and probability tests were used to validate and compare intake estimates
and dietary reference intake (DRI) assessment trends between the two methods. A 369-item
vegan-specific questionnaire was developed with 252 listed food frequency items.
Calorie-adjusted correlation coefficients ranged from r = 0.374 to 0.600 (p < 0.001) for all
analyzed nutrients except calcium. Estimates, ranks, trends and higher-level participant
percentile placements for Vitamin B12 were similar with both methods. Questionnaire
intakes were higher than recalls for most other nutrients. Both methods demonstrated
similar trends in DRI adequacy assessment (e.g., significantly inadequate vitamin D intake
among vegans). This vegan-specific questionnaire can be a useful assessment tool for
health screening initiatives in U.S. vegan communities.
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1. Introduction
Interest in the vegetarian lifestyle has increased significantly in parts of North America over recent
decades [1,2], attributed largely to the beneficial health effects of plant-based diets [3–6]. With this
increasing trend, careful consideration should be given to efficient assessment and surveillance of
vegetarian diet patterns, particularly with respect to specific nutrient profiles. Over the years, several
important benefits of vegetarian diets has been identified, as well as specific components of plant-based
diets that may account for these benefits [7,8]. It is, therefore, no surprise that the position of the
American Dietetic Association suggests that such diets, when appropriately planned, are healthful,
nutritionally adequate, and provide health benefits in the prevention and treatment of certain diseases [9].
Despite the health and nutritional benefits however, there remains concern of specific nutrient
inadequacy, particularly for vegans who practice an exclusively plant food diet void of all animal
products. Some nutrients seem to be of more concern than others: protein, n-3 fatty acids, calcium,
zinc, iron, vitamin D and vitamin B12 [7,8]. These important nutrient concerns justify the need for
appropriate nutrition assessment methods specific to the vegan population.
Apart from direct clinical or biochemical measures, which are lacking for many nutrients, the most
common tools of nutrition assessment are indirect and include the food record, diet histories, 24-h diet
recalls, and food frequency questionnaires (FFQs). Among these, the FFQ emerges as an effective,
easily administered, inexpensive tool [10,11]. Many FFQs have been developed or modified to assess
adequacy of nutrient and diet patterns, and to determine association between diet and chronic disease
risk [12–16]. To the best of our knowledge, no study has developed or validated a FFQ specific to
vegan diet assessment in the United States.
We therefore proposed that a well-developed FFQ specific to the vegan population could produce
performance outcomes comparable to other methods of nutrition assessment and thus can be effectively
used by health and nutrition professionals in addressing the nutrient-related concerns of the plant based
diet patterns among the region’s vegan clientele.
2. Experimental Section
The study had three phases: (i) development of a quantitative FFQ with appropriate food list,
portion size options, and frequency options, obtained from a pilot sample of U.S. vegans and using
a modified version of the Block Method [10], along with support questions; (ii) relative validation of
the FFQ by comparing intakes of protein, n-3 fatty acids, iron, calcium, zinc, vitamin B12 and vitamin D,
with repeated 24-h diet recalls; and (iii) comparison of the dietary assessment data with relevant
Dietary Reference Intake (DRI) values to compare trends between methods. Approval for the study
proposal was obtained from the Institutional Review Board of Loma Linda University, Loma Linda,
CA, USA, where the study was conducted.
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2.1. Questionnaire Development
2.1.1. Pilot Sample of Vegans
Recruitment was done via the Vegetarian Resource Group, a non-profit organization based in
Maryland, USA, which is comprised of members practicing a vegetarian lifestyle and committed to
educating the public on vegetarianism. Recruitment resulted in a convenience sample of 50 self-defined
vegans who volunteered to provide diet histories. Based on these, the major contributing food sources
in their diets for proteins, n-3 fatty acids, vitamin B12, vitamin D, calcium, iron and zinc were ascertained.
Though self-defined, the pilot sample met our minimum study criteria of consuming no meat, fish, or
poultry and using dairy products or eggs less than once per month.
2.1.2. Food List
From the collective food data obtained from the pilot sample of vegans, 330 single foods were
reported as being used on a regular basis (>twice/month). The 330 foods were entered into the
Nutrition Data System for Research (NDS-R) Database version 4.06_34, Regents of the University of
Minnesota (Minneapolis, Minnesota, USA). A modified version of the Block Method [10,17] was used
to generate a list of foods that contributed 80% of each nutrient of interest. Of the initial 330 single
foods, 180 single foods were identified as contributing intake of 80% of each of the nutrients of
interest. These foods formed the basis for the vegan food list. A focus group of dietitians and public
health professionals were then consulted concerning the list generated. Modifications and additions to
the food list were made accordingly and generated the following food list categories: (1) peas and
beans; (2) nuts, seeds, nut butters; (3) vegetarian meat analogs, cheese and egg substitutes, mixed
foods such as vegan lasagna; (4) fats, oils and salad dressings; (5) breads; (6) cooked cereals and
grains; (7) ready-to-eat cereals; (8) leafy vegetables; (9) non-leafy vegetables; (10) fruits and fruit
juices; (11) milk substitutes; other beverages such as herbal teas, coffee, and alcohol; (12) salty snacks
such as potato chips and popcorn; (13) desserts, sweets, and sweeteners. A total of 252 listed
close-ended food item questions were generated among the categories. For example, under the cooked
cereal category, specific cereal types were listed such as oatmeal, barley, spelt, etc. Food frequency
sub-questions of an open-ended nature were also included (e.g., three spaces for other cooked cereals
used). Support questions on supplement use, demographics, anthropometrics, health status, meal
practices, and lifestyle, were also included. The modified list was then entered into the NDS-R version
5.0_35, to benefit from additional listings of vegetarian meat analogs found in the updated diet
analysis program.
2.1.3. Questionnaire Format
The general format of the questionnaire was then addressed to include instructions, portion size
options, frequency options, and support questions. Apart from typical questionnaire instructions, the
food frequency section of the questionnaire was introduced with the instruction that all intake
responses should reflect consumption patterns over the past nine months. This was in an effort to
capture vegan intake patterns from both long-standing and recently practicing vegans.
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Food frequency question portions were selected and coded based on the three most frequently
reported portion sizes for each food item among the pilot sample. For example, the most frequently
reported portion sizes for nuts and seeds were 1/8 cup, 1/4 cup, and 1/2 cup. Each of these unit
measures was given a weight factor with the middle portion as the reference weight. Therefore, for
nuts, the middle portion unit, (1/4 cup) was coded and given a weight of [2 = 1], 1/8 cup was given a
code and weight of [1 = 0.5] and 1/2 cup was given a code and weight of [3 = 2]. Six frequency
options were also derived from most frequently reported pilot survey frequencies. This falls within
typical frequency ranges of other food frequency questionnaires [18]. These were coded as follows:
[4 = 0] for never or rarely; [5 = 0.75] for two to four times per month; [6 = 2.5] for two to three times
per week; [7 = 5] for four to six times per week; [8 = 7] for once per day; and [9 = 14] for two to three
or more times per day. While the latter option indicated a wide range of two to three or more times per
day, it was coded for twice per day since two times per day was the most frequently reported
frequency in the pilot survey.
To enhance interpretation from food frequency estimates, and to capture possible screening tool
properties, support questions on vitamin, mineral, and herbal supplement intake, demographics,
anthropometrics, self-reported diagnosed health status, lifestyle, and meal practices, were also included
in the questionnaire. Some of these included both open-ended and closed-ended questionnaire format.
The questionnaire was then pilot-tested on a sub-sample (n = 10) of the fifty vegans. Final
modifications were then made to the content and format of the questionnaire.
2.2. Validation of the FFQ
2.2.1. Validation Study Sample
To arrive at the sample size, we first established correlation criteria. Because previous
studies demonstrate that correlation coefficients for validation studies usually fall within the range
of 0.3 to 0.7 [18–20], we assessed correlation between the FFQ and the diet recalls using a hypothesis
of HO: r < 0.3 and HA: r > 0.3. Therefore the minimum sample size was calculated to be n = 91 for a
desired lower limit of one-sided 95% confidence interval at r = 0.3 and a population correlation
of 0.45.
The target population was generated from telephone, email, and post mail address contact lists
provided by the Vegetarian Resource Group, other vegetarian organizations, churches, and recruitment
fliers posted at the host university. All persons on the generated list were mailed consent forms and
questionnaires. Based on returned consent forms and questionnaire responses, participants were
included in the analysis if they were within the age range of 25 to 75 years and met the study’s vegan
criteria. Vegans were defined as individuals who consumed no meat, fish, or poultry, and who
consumed dairy products or eggs less than once per month. A convenience sample of vegans was
selected from across 19 U.S. States.
2.2.2. Nutrient Intake Data from the FFQ and Diet Recalls
The questionnaire administration at baseline was followed by three non-consecutive, unannounced
telephone diet recalls over a nine-month period. Questionnaires were completed and returned within a
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three week period. Analyzed dietary intake data from the food frequency responses were obtained
from the Nutrition Data Systems for Research software version 5.0_35. Food frequency questionnaire
intake data were entered along with diet recall data into a statistical analysis program and calculated
as follows:
FFQ nutrient intake score per day = (coded PF × coded FF × WF per question)/7

(1)

where “PF” represents portion factor, “FF” represents frequency factor, and “WF” represents weight
factor per food frequency question which is the unit amount of the nutrient for the middle portion
size option.
Two weekday recalls and one weekend recall were obtained from each subject in the spring,
summer, and fall to capture seasonal foods. Two trained diet interviewers collected the recall data via
telephone and prompted for specific information such as number and size of utensil, cup, spoon, etc.
that the respondents used per food item reported. Nutrient analyses for the diet recalls were then
performed with the NDS-R version 5.0_35. To obtain an appropriate ratio of weekend days to
weekdays as referred to by other researchers [21], a weighted mean intake was computed from the
three diet recalls in order to represent intake over a week. The weighted average intake per day was
then calculated as follows:
Weighted diet recall average for each nutrient per day =
(2)
(WE × 2 + WD × 5/2 + WD × 5/2)/7
where “WE” represents weekend intake of nutrients and “WD” represents weekday intakes.
2.2.3. Statistical Validation
The nutrient intakes from the two assessment methods were log-transformed to improve normality
using natural loge(ln(x + 1)) and adjusted for energy using the residual regression method with energy
intake as the independent variable and nutrient intakes as the dependent variables. Pearson’s
correlation coefficients and standardized correlations (crude intake) were used for analyses between
methods. Signed-ranks tests, quartile ranking, and cross-tabulation of participant intake percentile
placement agreements were used to analyze the untransformed intake estimates in order to evaluate
whether FFQ and diet recall intakes were similarly ranked per each nutrient and participant. Paired
samples t-tests were also used to compare transformed intake estimates between methods. The
Predictive Analytics SoftWare (PASW) Statistical Package, version 18.0 software (SPSS Incorporated,
Chicago, IL, USA) was used for all analyses.
2.3. Dietary Reference Intake Comparison
One-sample t-tests were used to compare mean nutrient intake from the two methods against the
mean of the most recent Dietary Reference Intake (DRI) values based on age and sex of the study
participants [22,23]. For protein, vitamin B12, iron, zinc, calcium, and vitamin D, the DRI used was the
mean of the Recommended Dietary Allowances (RDA) value for the study group. For n-3 fatty acids,
the mean of the Adequate Intake (AI) value was used. Prevalence of adequacy was also estimated for
relevant nutrients using the probability approach, also referred to as the Estimated Average
Requirement (EAR) cut-point method [23]. EAR is the average daily nutrient intake level estimated to
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meet the requirements of half the healthy people in a group; and the EAR cut-point method has been
used to identify the percentage of subjects with intakes below or above the EAR value (used as the
cut-point) for the nutrient [24].
3. Results
3.1. The Vegan Questionnaire
A final 369-item questionnaire was produced, containing 13 food list categories, 252 close-ended
food item questions, 49 open-ended food list sub-questions among the categories, three portion size
options, six frequency options, and 68 support questions. The food frequency questionnaire for vegans
is included in the Supplementary Information.
3.2. Questionnaire Validation
From an original convenience sample of 132 recruited vegans, 15 questionnaires were not
returned; eight participants discontinued the study for personal reasons; two did not meet the vegan
criteria, and seven were lost to follow-up after the first diet recall. Therefore, 100 subjects (24 males
and 76 females) satisfactorily completed both the questionnaire and the 24-h recalls. Table 1 describes
the characteristics of the validation phase participants.
Table 1. Demographic data for vegan study participants.
Vegan Years a, b

<1
(n = 5)

1–3
(n = 19)

4–10
(n = 42)

>10
(n = 33)

Blank c
(n)

Totals
(n)

30
4
5
3

25
4
2
2

1
-

71
13
10
6

5
32
4
1

2
25
5
1

-

7
71
17
4

21
14
7

9
16
8

1

44
37
19

0
6
12
24

1
7
12
13

-

6
18
28
47

Race
Caucasian
Black
Asian
Other

5
0
0
0

11
4
3
1
BMI b

<18.5
18.5–24.9
25–29.9
>30

0
4
1
0

0
10
7
2
Age

25–39
40–59
60–75

2
2
1

12
5
2
Education b

High school
Some college
Bachelor’s
Graduate level
a

1
2
0
2

4
3
4
8

The length of time the participant has been a vegan; b Missing data for one participant; c Participant left the
vegan years item blank on the survey.

Nutrients 2014, 6

2529

Table 2 presents energy-adjusted and non-adjusted correlation coefficients comparing log-transformed
and standardized nutrient intake values from the questionnaire for vegans and three 24-h diet recalls.
Pearson’s correlation coefficients improved for all the nutrients when adjusted for energy, and were
relatively high for six of the nutrients of interest (r = 0.374 to r = 0.600). With the standardized
correlation analysis, four of the seven nutrients of interest were significantly correlated at r > 0.305.
Calcium intake estimates between the two assessment methods were not significantly correlated.
Table 2. Correlation coefficients for nutrient intakes from the vegan food frequency
questionnaires (FFQ) and three 24-h diet recalls.
Nutrients
Protein (g)
n-3 FA (g)
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin D (µg)
Vitamin B12 (µg)

Non-Adjusted
Correlations ab
0.365
0.501
0.128
0.371
0.399
0.391
0.335

p-Values
<0.001
<0.001
0.206
<0.001
<0.001
0.001
0.001

Kcal-Adjusted
Correlations ac
0.374
0.600
0.191
0.449
0.506
0.464
0.403

p-Values
<0.001
<0.001
0.057
<0.001
<0.001
<0.001
<0.001

Standardized
Correlations d
0.291
0.468
−0.031
0.296
0.332
0.305
0.339

p-Values
0.003
<0.001
0.758
0.003
0.001
0.002
0.001

n = 100; a Nutrient intakes have been log-transformed using loge to improve normality; b Pearson
r correlations for nutrient values unadjusted for energy; c Pearson r correlations for energy-adjusted nutrients
using the residual regression method; d Standardized (z score) correlation coefficients of crude nutrient
intakes between methods.

Table 3 shows untransformed intake results from the signed-ranks test and quartile ranking. From
the signed ranks test it was observed that for six of the nutrients, FFQ intake significantly exceeded
DR intake for more than 60 participants; and for about 50 vegans there was no significant difference in
vitamin B12 intake. Quartile rankings showed that each intake percentile cut point was higher for the
FFQ than the DR for all nutrients except for the 50th percentile of vitamin B12 intake.
Table 3. Comparison of nutrient intakes between the vegan FFQ and three 24-h diet recalls
using signed ranks test and quartile ranking for evaluation.
Signed Ranks Test for DR-FFQ a
Nutrient
Protein (g)

n-3 FA (g)

Calcium (mg)

Ranking b

N

Mean Rank

Negative

76

56.49

Positive

24

31.54

p-Value

FFQ Intake Quartiles c

DR Intake Quartiles c

25th

50th

75th

25th

50th

75th

<0.001

57.31

80.51

124.24

45.19

57.13

69.46

-

-

-

-

-

-

-

Ties

0

-

-

-

-

-

-

-

-

Negative

76

53.89

<0.001

1.81

3.29

4.69

1.17

2.16

3.27

Positive

24

39.75

-

-

-

-

-

-

-

Ties

0

-

-

-

-

-

-

-

-

Negative

84

54.23

<0.001

755.46

1051.64

1764.32

477.77

623.77

861.80

Positive

16

30.94

-

-

-

-

-

-

-

Ties

0

-

-

-

-

-

-

-

-
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Table 3. Cont.

Signed Ranks Test for DR-FFQ a
Nutrient
Iron (mg)

Zinc (mg)

Vitamin D (µg)

Vitamin B12
(µg)

Ranking b

N

Mean Rank

Negative

75

54.72

Positive

25

37.84

Ties

0

Negative
Positive

FFQ Intake Quartiles c

p-Value

DR Intake Quartiles c

25th

50th

75th

25th

50th

75th

<0.001

17.12

21.20

32.31

13.58

17.34

21.57

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

76

56.82

<0.001

9.02

11.72

17.05

6.51

8.32

11.68

24

30.50

-

-

-

-

-

-

-

Ties

0

-

-

-

-

-

-

-

-

Negative

61

52.24

0.013

0.77

1.99

3.30

0.43

1.48

2.69

Positive

38

46.41

-

-

-

-

-

-

-

Ties

1

-

-

-

-

-

-

-

-

Negative

51

49.73

0.970

1.22

2.15

5.13

1.14

2.72

4.44

Positive

49

51.31

-

-

-

-

-

-

-

Ties

0

-

-

-

-

-

-

-

-

a

n = 100; degrees of freedom = 99; Rank for crude diet recall nutrient intake minus crude food frequency questionnaire nutrient intake;
b

Ranking: Negative Ranks mean diet recall nutrient intake < questionnaire nutrient intake; Positive Ranks mean diet recall nutrient intake >

questionnaire nutrient intake; Ties mean diet recall nutrient intake = questionnaire nutrient intake; c Crude nutrient intake values from
FFQ and diet recalls used for quartile cut point assessment.

Table 4. Nutrient intake comparisons for the vegan FFQ and diet recalls using cross-tabulated
participant percentile placement summaries and paired samples t-tests for evaluation.
Participant Interquartile Intake
Nutrients

Paired Differences b

Placement Agreements for FFQ vs. DR a
<25th

25th–50th

50th–75th

>75th

Mean c

SD

p-Value

95% CI Limits

Protein (g)

12

7

8

8

0.36

0.55

<0.001

0.25

0.47

n-3 FA (g)

10

9

9

12

0.32

0.53

<0.001

0.21

0.42

Calcium (mg)

10

6

7

5

0.63

0.78

<0.001

0.47

0.78

Iron (mg)

13

10

6

10

0.28

0.48

<0.001

0.18

0.37

Zinc (mg)

10

7

3

13

0.34

0.47

<0.001

0.24

0.43

Vitamin D (µg)

13

8

11

12

0.16

63

0.012

0.04

0.29

Vitamin B12 (µg)

7

4

8

12

−0.02

0.77

0.835

−0.17

0.14

n =100; degrees of freedom = 99;

a

Number of similarly placed vegan participants between the FFQ and diet recalls based on

interquartile cross-tabulations summarized from the diagonal plane;
c

b

FFQ intake minus Diet Recall intake for the selected nutrients;

Mean difference between loge-transformed intakes for FFQ minus diet recall.

In Table 4 the paired samples t-test also demonstrated no significant difference in estimated intake
for vitamin B12 between the FFQ and the diet recalls (p = 0.835); and for all other nutrients the FFQ
intakes were significantly higher than those of the diet recalls. For each of the nutrients, the
cross-tabulations for similarly placed vegan participants within intake percentiles on the diagonal plane
showed similarities for less than 45 of 100 participants between methods. Calcium and vitamin B12
cross-tabulations had the least similarities while n-3 fatty acids and vitamin D had the most (Table 4).
However, from the quartile totals for the FFQ and DR (not shown), it was observed that for calcium,
protein, iron, and zinc, participants were evenly distributed (n = 25) among each quartile for both
methods; n-3 fatty acids had agreement in totals for the 4th quartile; vitamin D demonstrated
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agreement in totals for the 1st and 2nd quartiles; and for vitamin B12, quartile totals agreement was
observed for the 3rd and 4th quartiles.
3.3. Dietary Reference Intake Trends
Although actual intake estimates were significantly different between the two assessment methods
for most of the nutrients, both assessment methods showed similar intake trends when compared to the
Dietary Reference Intake recommendations. In Table 5, one sample t-tests showed that mean vitamin
D intake among the vegans was significantly lower than the mean recommended intake for both
assessment methods. However, both methods demonstrated a trend of intakes higher than the DRI
values for most of the other nutrients. Two exceptions were noted with the diet recalls: where calcium
was observed to be significantly lower than the DRI value and zinc intake was not significantly
different from the DRI recommendation. The probability approach showed that 100% of the study
sample demonstrated inadequate intakes of vitamin D via both assessment methods; and 74%
demonstrated inadequate intakes of calcium via the diet recalls (Table 5).
Table 5. Comparison of mean nutrient intake trends from the vegan FFQ and three 24-h
diet recalls with Dietary Reference Intake values using one sample t-test and probability
approach for evaluation.
FFQ vs. DRI One Sample t-Test Values

Nutrients

FFQ Intake

Protein (g)
n-3 FA (g) f
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin D (µg)
Vitamin B12 (µg)

a

94.74
4.01
1520.28
25.94
13.92
2.28
3.31

b

SE

DRI

5.35
0.29
152.81
1.42
0.73
0.18
0.31

48.40
1.22
1048.00
13.30
8.72
15.15
2.40

Mean

c

SE

46.34
2.79
472.28
12.64
5.20
−12.87
0.91

5.37
0.29
153.97
1.51
0.76
0.20
0.31

p-Value
<0.001
<0.001
0.003
<0.001
<0.001
<0.001
0.004

Probability Approach
EAR d

% Adequacy e

42.70
-848.00
6.88
7.42
10.00
2.00

89
-65
99
86
0
51

Diet Recalls vs. DRI One Sample t-Test Values
Nutrients

DR Intake

Protein (g)
n-3 FA (g)
Calcium (mg)
Iron (mg)
Zinc (mg)
Vitamin D (µg)
Vitamin B12 (µg)

60.44
2.65
681.93
18.39
9.27
1.82
3.24

g

SE

DRI b

Mean h

SE

p-value

EAR d

% Adequacy e

2.28
0.25
30.41
0.73
0.40
0.16
0.27

48.40
1.22
1048.00
13.30
8.72
15.15
2.40

12.04
1.43
−366.07
5.08
0.55
−13.33
0.84

2.24
0.25
32.63
0.89
0.39
0.19
0.27

<0.001
<0.001
<0.001
<0.001
0.166
<0.001
0.003

42.70
-848.00
6.88
7.42
10.00
2.00

77
-26
98
62
0
62

n =100; degrees of freedom = 99; a FFQ intake represents the antilog of the log-transformed nutrient intake scores from the FFQ; b DRI
represents the antilog of the log-transformed Dietary Reference Intake value for each nutrient based on age and gender for all subjects;
using either Recommended Dietary Allowances (RDA) or Adequate Intakes (AI) where applicable: Protein (RDA); n-3 FA (AI);
Calcium (RDA); Iron (RDA); Zinc (RDA); vitamin D (RDA); vitamin B (RDA);

c

Mean difference between FFQ intakes and DRI

d

values; Mean Estimated Average Requirement (EAR) cut point values based on age and gender of participants; e Percentage of vegans
with crude nutrient intakes above the EAR values for the probability approach;
available;

g

f

No Estimated Average Requirement reference value

DR intake represents the antilog of the log-transformed nutrient intakes from 3 weighted diet recalls;

between diet recall intakes and DRI values.

h

Mean difference
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4. Discussion
Our study accomplished the de novo development of the first food frequency questionnaire specific
to vegan diet patterns in the United States. An overall evaluation of the questionnaire highlights the
successful genesis of this target-tailored nutrition health screening tool with an initial food list of items
that were regularly consumed by the piloted vegans and which contributed 80% of selected nutrients of
particular concern in the vegan diet since no animal products are used: protein, n-3 fatty acids, vitamin B12,
vitamin D, calcium, iron, and zinc. Nutrient intake from the FFQ demonstrated moderate to high
relative validity for most of the nutrients of interest when correlated with intakes from repeated 24-h
diet recalls, though actual intake estimates from the FFQ were higher. When intake estimations were
compared to DRI recommendations, the trend observed by both assessment methods was that the
majority of vegans were found to have inadequate intakes of vitamin D, but adequate intakes for most
other nutrients. Specific evaluation of the choice, development, validation, and performance of the
vegan questionnaire, are discussed in the following sections.
4.1. Evaluation of the Choice of Intake Assessment Tool
Assessment of nutrient intake can include the use of biochemical measures as well as computation
of the energy and nutrient content of foods using values obtained from food composition tables,
computer based diet analysis programs, or even direct chemical food analysis in a laboratory [25].
Common diet assessment methods that facilitate nutrient intake estimations are diet records, FFQ, diet
histories, and 24-h recalls. Because we desired a method or instrument that would be particularly
unique to vegans, the FFQ emerged as the only assessment instrument that can be crafted or
manipulated in such a way as to capture reported intakes relevant to the target population.
4.2. Evaluation of the De Novo Development of the Vegan FFQ
Various studies have used FFQs along with other assessment methods for evaluating different
aspects of the vegan lifestyle. The majority of these have been primarily generic or modified questionnaires
used not just for vegans but for other vegetarian and omnivorous diet groups as well [26–29]. The
importance of designing questionnaires specific to a target population has been shown [30–32]. This
approach is particularly important when targeting the vegan population because of their unique diet
patterns and their use of certain foods other than fruits and vegetables, which are not habitually
consumed by other diet groups [33]. Some of these foods include meat analogs, cheese, and egg
substitutes, and alternative milk products like soy, rice and almond milks, non-dairy salad dressings,
and particular cereal brands [34].
4.2.1. Food List Development
To compile the food list for the questionnaire, a modification of the method developed by
Block et al. [10] was used. Our study looked for an 80% nutrient contribution instead of 90%
contribution, since we were dealing with a more limited list of nutrient contributors due to the absence
of animal products. According to Willett [35], a further modification includes tallying foods reported
via open-ended methods in a sample of the study population. This serves to capture information
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regarding familiar names or descriptions of foods, particularly for ethnic or unique diet groups, and a
tally of portion size can simultaneously be made. For our study, a mean portion size was obtained for
each food item used in the vegan sample from a tally of the reported portion sizes. Since some items in
a collapsed group might be more frequently consumed than others in the same grouping, we chose not
to have too many food groupings, as this can be a challenge for respondents to estimate [35,36]. In fact
after pilot testing, and focus group consultation, the original food list in our study was expanded by
using more individual line items under most of the food groupings. As such we anticipated a higher
degree of intake overestimation than underestimation due to the number of single line items and
sub-divisions in the FFQ as opposed to groupings [18]. This may account for the higher intake
estimates observed in the FFQ when compared to the 24-h recalls. However, some research has shown
that validity of a FFQ is increasingly comparative to diet recalls as the number of food and beverage
items on the FFQ food list increases [37,38].
4.2.2. Questionnaire Format
For the frequency and portion size sections of the questionnaire, quantitative options were used
since estimated intake calculations were being made. The semi-quantitative format was not used
because we felt that respondents who used portion sizes other than the pre-determined ones, would
have had additional mental calculations to perform and, thereby, lower the degree of accuracy in
estimations. It has been shown that using standard or pre-determined portions rather than reported
portion size data can serve to simplify questionnaires and decrease cost of data collection [39]. The
vegan questionnaire was structured for ease of coding. As such, a close-ended frequency format
instead of a participant-reported frequency format was used. It cannot be fully determined whether this
may have impacted the study results as some researchers are of the opinion that using participant-reported
frequencies may yield higher coefficients and better quartile agreements than close-ended, pre-coded
frequency categories [40]. Our study demonstrated fairly high correlation coefficients and high
agreement among quartile totals. With respect to the frequency options, it was surmised that since
individuals typically do not use an item more than three to four times per day, we used a range
of six options, with “two to three+ times/day” as the highest frequency option, and “Never or Rarely”
as the lowest frequency. Questions on demographics, lifestyle, health, and meal patterns, were also
included in the questionnaire to add qualitative support for quantitative evaluation and validation outcomes.
4.3. Evaluation of the FFQ Validation with Diet Recalls
The reference method used in the study was repeated 24-h diet recalls. This was used in an attempt
to capture habitual intake without the recording bias and burden as is often observed with the use of
diet records [35]. Although diet recalls may tend to share common errors with FFQs in terms of
memory and the same food composition table used for both, other studies have reported acceptable use
of the diet recall as an instrument of reference comparison [41–44]. The nutrient intake values for both
the FFQ and the diet recalls in our study were adjusted for energy since this can help to reduce a
reasonable degree of some measurement error [45,46]. Standardized correlation analysis was also used
in an effort to reduce the correlation attenuation due to between-person variation. However, measurement
error from over-reporting, as is typically seen with questionnaires [45], and under-reporting, as
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commonly occurs with diet recalls [21], may partially account for the low correlation coefficient
values observed for calcium using both the Pearson’s correlation (r = 0.191) and the standardized
correlation analysis (r = −0.031). It was noted that only a few categories of fortified foods were
reported as the main source of calcium from the diet recalls, for this group of vegans. As such, when
some of these participants did not consume such foods on a daily basis, especially when one or more
of those limiting days happened to be a diet recall day, disparity between the diet recalls and the FFQ
was very probable since the FFQ naturally allowed for a more comprehensive report of the typical
calcium-containing foods consumed by the target population. Correlation coefficients are commonly
used in validation or comparison studies; and the moderate to high values observed for the other analyzed
nutrients in our study are comparable with values typically reported for similar studies [18–20,43].
In our study, the paired samples t-tests and the signed rank tests resulted in significantly higher FFQ
nutrient intake values than the diet recall intake values for all the analyzed nutrients, except vitamin B12.
These observed differences may also be explained by over-reporting/under-reporting between
assessment methods. However, the observed intake similarity between methods for vitamin B12 may
have resulted from a more conscious emphasis by this group of vegans to ensure daily and consistent
intake of this nutrient, since among all the nutrients of concern to vegans, vitamin B12 is commonly
known to be the one least available naturally from plant sources. Participant placement agreement
between methods was observed for the highest (3rd and 4th) vitamin B12 intake quartile totals.
4.4. Evaluation of FFQ-Generated DRI Assessment Trends
The vegan diet completely omits food products from the array of animal sources like meat, poultry,
fish, eggs, and dairy that are rich in some of the selected nutrients. Hence the reason for concern that
inadequate intakes of nutrients such as protein, calcium, vitamin D, vitamin B12, n-3 fatty acids, iron,
and zinc may exist within the vegan population since plant foods may not provide adequate amounts of
these nutrients [9,47], or the nutrients may not be as bioavailable from plants due to the inhibiting
presence of inhibitors like phytates, oxalates, and fiber [9,47]. Therefore comparative assessment of
nutrient intake with DRI standards is a necessary health screening endeavor in vegan populations. In
our study, both the FFQ and the diet recalls demonstrated parallel trends in discriminating intake
adequacy when compared to DRI values. Both methods demonstrated 0% adequacy with respect to
vitamin D intake; and both methods demonstrated intakes above standard recommendations for all
other analyzed nutrients, except calcium. Other studies have observed inadequate intake and nutrient
status trends in vegans for calcium and vitamin D [48–50]. However, unlike our findings, some studies
have not been able to observe acceptable proportions of adequacy for vitamin B12 [51], zinc [52], and
n-3 fatty acids [53,54].
4.5. Study Strengths and Limitations
The authors of this study acknowledge limitations associated with conducting a study of this nature.
Participants were selected from a convenience sample, which may not entirely represent the target
population. However, the vegan study sample was obtained from across several different states and
from a diverse background of ethnicities, age groups, genders, health status, meal behaviors,
motivation factors, and lifestyle practices. The participants’ demographic characteristics were also
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comparable to the pilot sample particularly with respect to age, race and gender ratios; but a greater
proportion of the pilot sample practiced veganism for more than 10 years. The final sample size used
in this study was conservative (n = 100). Vegans practice unique dietary and lifestyle habits and
therefore represent a relatively small percent (1.6%) of the U.S. population [1]. The minimum sample
size calculated for our study was 91. There is agreement for the use of sample sizes for validation
studies with 100 or less subjects [18,31,35]. In addition to the size of the sample, the study timeline,
the different time zones, and the available resource allowances facilitated data collection of a
maximum of three diet recalls in our study. Some researchers suggest this is the minimum number of
diet recalls needed to represent usual intake for some nutrients [35,42]. There is support of the use of
three diet replicates per subject in other studies [18,37,41,42,44,55]. However, as was noted by
Streppel and colleagues [44], we also realize that a larger number of recall replicates helps to reduce
the daily variation of infrequently consumed foods. Additionally, only one entry was made per
questionnaire and no reproducibility measures were taken due to study timeline constraints.
Regarding nutrient intake comparison with the DRIs, we realize that use of the EAR cut-point
probability approach is designed only for nutrients with established EAR values. Therefore six of the
seven nutrients of interest were able to be analyzed by this method. Our analyses focused on nutrients
obtained from food intake and did not take into primary account the contribution of various
supplements that may have been taken by some of the vegans. Nonetheless, relevant support questions
on supplement use added qualitative insight. For example, of the vegans who reported on supplement
use, 80 reported never or rarely using vitamin D supplements; while 25 and 38 reported using calcium
or multivitamin supplements respectively, on a regular basis (>2 per week). The use of indirect
methods of nutrient assessment naturally limited our assessment scope, but use of more direct
assessment methods for nutrient intake and status, such as biomarkers for seven nutrients for 100 subjects
from across several different states, was not a feasible option within our study context.
5. Conclusions
Evaluation of the originally developed questionnaire for U.S. vegans demonstrated moderate to
high validity for the majority of analyzed nutrients when compared to multiple 24-h diet recalls. When
compared to the DRIs, both methods found vitamin D intake trends to be below individual requirements
for all the vegan participants. Except for calcium, intake estimates from both methods were found to be
higher than DRI values for all other analyzed nutrients. We conclude that this FFQ can have useful
application for vegans residing in the United States. Our study results also prompt recommendation
that all persons practicing a vegan lifestyle should ensure diets containing adequate natural, fortified,
or supplemental sources of all the vitamins, minerals, and macronutrients of interest; particularly,
vitamin D and calcium. This study demonstrates that carefully developed questionnaires have great
potential for nutrition assessment and health screening within target populations.
Acknowledgments
The authors gratefully acknowledge the assistance of Gemma Gilman for data collection and
management; Karen Jaceldo-Siegl for technical assistance with nutrition analysis; and David Shavlik
and John Kelly for statistical analysis and consultation. Special appreciation is designated to all the

Nutrients 2014, 6

2536

vegan participants who willingly dedicated their time and energy toward making this research possible.
This research was funded by the McLean Endowment Fund, Loma Linda University.
Author Contributions
Dyett was involved in the development and validation of the food frequency questionnaire, the
collection and analysis of data, and the writing and revision of the manuscript. Haddad and Sabate
were involved in developing the questionnaire, interpreting the data, and providing input on the paper.
Rajaram was involved in data interpretation, manuscript review, and revision of the paper.
Conflicts of Interest
The authors declare no conflict of interest.
References
1.

Vegetarianism in America. 2008. Available online: http://www.vegetariantimes.com/features/
archive_of_editorial/667 (accessed on 5 May 2012).
2. Sabate, J.; Duk, A.; Lee, C.L. Publication trends of vegetarian nutrition articles in biomedical
literature; 1966–1995. Am. J. Clin. Nutr. 1999, 70, 601S–607S.
3. Chen, C.W.; Lin, Y.L.; Lin, T.K.; Lin, C.T.; Chen, B.C.; Lin, C.L. Total cardiovascular risk
profile of Taiwanese vegetarians. Eur. J. Clin. Nutr. 2008, 62, 138–144.
4. Lin, C.K.; Lin, D.J.; Yen, C.H.; Chen, S.C.; Chen, C.C.; Wang, T.Y.; Chou, M.C.; Chang, H.R.;
Lee, M.C. Comparison of Renal Function and Other Health Outcomes in Vegetarians versus
Omnivores in Taiwan. J. Health Popul. Nutr. 2010, 28, 470–475.
5. Rajaram, S. The effect of vegetarian diet, plant foods, and phytochemicals on hemostasis and
thrombosis. Am. J. Clin. Nutr. 2003, 78, 552S–558S.
6. Dyett, P.A.; Sabate, J.; Haddad, E.; Rajaram, S.; Shavlik, D. Vegan lifestyle behaviors. An
exploration of congruence with health-related beliefs and assessed health indices. Appetite 2013,
67, 119–124.
7. Craig, W.J. Health Effects of Vegan Diets. Am. J. Clin. Nutr. 2009, 89, 1627S–1633S.
8. Craig, W.J. Nutrition concerns and health effects of vegetarian diets. Nutr. Clin. Pract. 2010, 25,
613–620.
9. Craig, W.J.; Mangels, A.R. American Dietetic Association: Position of the American Dietetic
Association: Vegetarian diets. J. Am. Diet. Assoc. 2009, 109, 1266–1282.
10. Block, G.; Hartman, A.M.; Dresser, C.M.; Carroll, M.D.; Gannon, J.; Gardner, L. A data-based
approach to diet questionnaire design and testing. Am. J. Epidemiol. 1986, 124, 453–469.
11. Subar, A.F.; Thompson, F.E.; Kipnis, V.; Midthune, D.; Hurwitz, P.; McNutt, S.; McIntosh, A.;
Rosenfeld, S. Comparative validation of the Block, Willett, and National Cancer Institute food
frequency questionnaire. Am. J. Epidemiol. 2001, 154, 1089–1099.
12. Coates, R.J.; Eley, J.W.; Block, G.; Gunter, E.W.; Sowell, A.L.; Grossman, C.; Greenberg, R.S.
An evaluation of a food frequency questionnaire for assessing dietary intake of specific carotenoids
and vitamin A among low-income black women. Am. J. Epidemiol. 1999, 134, 658–671.

Nutrients 2014, 6

2537

13. Haines, C.J.; Chung, T.K.; Leung, P.C.; Leung, D.H.; Wong, M.Y.; Lam, L.L. Dietary calcium
intake in postmenopausal Chinese women. Eur. J. Clin. Nutr. 1994, 48, 591–594.
14. Tucker, K.L.; Nianchi, L.A.; Maras, J.; Bermudez, O.I. Adaptation of a food frequency
questionnaire to assess diets of Puerto Rican and non-Hispanic adults. Am. J. Epidemiol. 1998,
148, 507–518.
15. Key, T.; Davey, G. Prevalence of obesity is low in people who do not eat meat. BMJ 1996, 313,
816–817.
16. Wang, Z.; Dang, S.; Yan, H. Nutrient intakes of rural Tibetan mothers: A cross-sectional survey.
BMC Public Health 2010, 10, 801.
17. Subar, A.F.; Midthune, D.; Kulldorff, M.; Brown, C.; Thompson, F.E.; Kipnis, V.; Schatzkin, A.
Evaluation of alternative approaches to assign nutrient values to food groups in food frequency
questionnaires. Am. J. Epidemiol. 2000, 152, 279–286.
18. Cade, J.; Thompson, R.; Burley, V.; Warm, D. Development, validation and utilization of
food-frequency questionnaires—A review. Public Health Nutr. 2002, 5, 567–587.
19. Willett, W.C.; Sampson, L.; Stampfer, M.; Rosner, B.; Bain, C.; Witschi, J.; Hennekens, C.H.;
Speizer, F.E. Reproducibility and validity of a semiquantitative food frequency questionnaire.
Am. J. Epidemiol. 1985, 122, 51–65.
20. Thompson, F.E.; Byers, T. Dietary assessment resource manual. J. Nutr. 1994, 124, 2245S–2317S.
21. Kipnis, V.; Midthune, D.; Freedman, L.S.; Bingham, S.; Schatzin, A.; Subar, A.; Carroll, R.J.
Empirical evidence of correlated biases in dietary assessment instruments and its implications.
Am. J. Epidemiol. 2001, 153, 394–403.
22. Institute of Medicine. 2011 Dietary Reference Intakes for Calcium and Vitamin D; National
Academies Press: Washington, DC, USA, 2011.
23. Institute of Medicine, Food and Nutrition Board. DRI: Dietary Reference Intakes; National
Academies Press: Washington, DC, USA, 2000.
24. Barr, S.I.; Murphy, S.P.; Poos, M.I. Interpreting and using the Dietary Reference Intakes in
dietary assessment of individuals and groups. J. Am. Diet. Assoc. 2002, 102, 780–788.
25. Sabate, J. Estimation of dietary intake: methods and challenges. Med. Clin. 1993, 100, 591–596.
26. Waldmann, A.; Koschizke, J.W.; Leitzmann, C.; Hahn, A. Dietary intakes and lifestyle factors of
a vegan population in Germany: Results from the German Vegan Study. Eur. J. Clin. Nutr. 2003,
57, 947–955.
27. Ho-Pham, L.T.; Nguyen, P.L.; Le, T.T.; Doan, T.A.; Tram, N.T.; Le, T.A.; Nguyen, T.V.
Veganism, bone mineral density, and body composition: a study of Buddhist nuns. Osteoporosis
Int. 2009, 20, 2087–2093.
28. Chan, J.; Jaceldo-Siegl, K.; Fraser, G.E. Serum 25-hydroxy vitamin D status of vegetarians,
partial vegetarians, and nonvegetarians: The Adventist health Study-2. Am. J. Clin. Nutr. 2009,
89, 1686S–1692S.
29. Rosell, M.; Lloyd-Wright, Z.; Appleby, P.N.; Sanders, T.A.B.; Allen, N.E.; Key, T.J. Long chain
n-3 polyunsaturated fatty acids in plasma in British meat-eating, vegetarian, and vegan men.
Am. J. Clin. Nutr. 2005, 82, 327–334.

Nutrients 2014, 6

2538

30. Sevak, L.; Mangtani, P.; McCormack, V.; Bhakta, D.; Kassam-Khamis, T.; dos Santos Silva, I.
Validation of a food frequency questionnaire to assess macro- and micro-nutrient intake among
South Asians in the United Kingdom. Eur. J. Nutr. 2004, 43, 160–168.
31. Rodríguez, M.M.; Méndez, H.; Torún, B.; Schroeder, D.; Stein, A.D. Validation of a
semi-quantitative food-frequency questionnaire for use among adults in Guatemala. Public Health
Nutr. 2002, 5, 691–699.
32. Pakseresht, M.; Sharma, S. Validation of a culturally appropriate quantitative food frequency
questionnaire for Inuvialuit population in the Northwest Territories, Canada. J. Hum. Nutr. Diet.
2010, 23, 75–82.
33. Larsson, C.L.; Johansson, G.K. Young Swedish vegans have different sources of nutrients than
young omnivores. J. Am. Diet. Assoc. 2005, 105, 1438–1441.
34. Dyett, P.; Haddad, E.; Sabate, J. Main food sources of selected nutrients among vegans in the
United States [Abstract]. J. Am. Diet. Assoc. 2004, 104 (Suppl. 2), 60, doi:10.1016/j.jada.2004.05.180.
35. Willett, W. Food-Frequency Methods. In Nutritional Epidemiology, 2nd ed.; Willett, W., Ed.;
Oxford University Press: New York, NY, USA, 1998; pp. 74–100.
36. Subar, A.F.; Thompson, F.E.; Smith, A.F.; Jobe, J.B.; Ziegler, R.G.; Potischman, N.; Schatzkin, A.;
Hartman, A.; Swanson, C.; Kruse, L.; et al. Improving food frequency questionnaires: A
qualitative approach using cognitive interviewing. J. Am. Diet. Assoc. 1995, 95, 781–788.
37. Resnicow, K.; Odom, E.; Wang, T.; Dudley, W.N.; Mitchell, D.; Vaughan, R.; Jackson, A.;
Baranowski, T. Validation of Three Food Frequency Questionnaires and 24-H Recalls with Serum
Carotenoid Levels in a Sample of African-American Adults. Am. J. Epidemiol. 2000, 152,
1072–1080.
38. Jackson, M.D.; Walker, S.P.; Younger, N.M.; Bennett, F.I. Use of a Food Frequency
Questionnaire to Assess Diets of Jamaican Adults: Validation and Correlation with Biomarkers.
Nutr. J. 2011, 10, 28.
39. Clapp, J.A.; McPherson, R.S.; Reed, D.B.; Hsi, B.P. Comparison of a food frequency
questionnaire using reported vs. standard portion sizes for classifying individuals according to
nutrient intake. J. Am. Diet. Assoc. 1991, 91, 316–320.
40. Jain, M.; McLaughlin, J. Validity of nutrient estimates by food frequency questionnaires based
either on exact frequencies or categories. Ann. Epidemiol. 2000, 10, 354–360.
41. Slater, B.; Philippi, S.T.; Fisberg, R.M.; Latorre, M.R. Validation of a semi-quantitative
adolescent food frequency questionnaire applied at a public school in São Paulo, Brazil. Eur. J.
Clin. Nutr. 2003, 57, 629–635.
42. Rockett, H.R.; Breitenbach, M.; Frazier, A.L.; Witschi, J.; Wolf, A.M.; Field, A.E.; Colditz, G.A.
Validation of a youth/adolescent food frequency questionnaire. Prev. Med. 1997, 26, 808–816.
43. Munger, R.G.; Folsom, A.R.; Kushi, L.H.; Kaye, S.A.; Sellers, T.A. Dietary assessment of older
Iowa women with a food frequency questionnaire: Nutrient intake, reproducibility, and
comparison with 24-h dietary recall interviews. Am. J. Epidemiol. 1992, 136, 192–200.
44. Streppel, M.T.; de Vries, J.H.M.; Meijboom, S.; Beckman, M.; de Craen, A.J.M.; Slagboom, P.E.;
Feskens, E.J.M. Relative validity of the food frequency questionnaire used to assess dietary intake
in the Leiden Longevity Study. Nutr. J. 2013, 12, 75.

Nutrients 2014, 6

2539

45. Michels, K.B.; Bingham, S.A.; Luben, R.; Welch, A.A.; Day, N.E. The effect of correlated
measurement error in multivariate models of diet. Am. J. Epidemiol. 2004, 160, 59–67.
46. Liu, L.; Wang, P.P.; Roebothan, B.; Ryan, A.; Tucker, C.S.; Colbourne, J.; Baker, N.; Cotterchio, M.;
Yi, Y.; Sun, G. Assessing the validity of a self-administered food-frequency questionnaire (FFQ)
in the adult population of Newfoundland and Labrador, Canada. Nutr. J. 2013, 12, 49.
47. Rajaram, S.; Dyett, P.A.; Sabate, J. Nutrition and vegetarianism. In Nutritional Concerns of
Women, 2nd ed.; Klimis-Zacas, D., Wolinsky, I., Eds.; CRC Press: Boca Raton, FL, USA, 2004;
pp. 419–456.
48. Herrmann, W.; Obeid, R.; Schorr, H.; Hübner, U.; Geisel, J.; Sand-Hill, M.; Ali, N.; Herrmann, M.
Enhanced bone metabolism in vegetarians—the role of vitamin B12 deficiency. Clin. Chem. Lab.
Med. 2009, 47, 1381–1387.
49. Crowe, F.L.; Steur, M.; Allen, N.E.; Appleby, P.N.; Travis, R.C.; Key, T.J. Plasma concentrations
of 25-hydroxyvitamin D in meat eaters, fish eaters, vegetarians and vegans: results from the
EPIC-Oxford study. Public Health Nutr. 2011, 14, 340–346.
50. Ambroszkiewicz, J.; Klemarczyk, W.; Gajewska, J.; Chełchowska, M.; Franek, E.;
Laskowska-Klita, T. The influence of vegan diet on bone mineral density and biochemical bone
turnover markers. Pediatr. Endocrinol. Diabetes Metab. 2010, 16, 201–204.
51. Gilsing, A.M.J.; Crowe, F.L.; Lloyd-Wright, Z.; Sanders, T.A.B.; Appleby, P.N.; Allen, N.E.;
Key, T.J. Serum concentrations of vitamin B12 and folate in British male omnivores, vegetarians,
and vegans: Results from a crosssectional analysis of the EPIC-Oxford cohort study. Eur. J. Clin.
Nutr. 2010, 64, 933–939.
52. Hunt, J.R. Bioavailability of iron, zinc, and other trace minerals from vegetarian diets. Am. J.
Clin. Nutr. 2003, 78, 633S–639S.
53. Kornsteiner, M.; Singer, I.; Elmadfa, I. Very low n-3 long-chain polyunsaturated fatty acid status
in Austrian vegetarians and vegans. Ann. Nutr. Metab. 2008, 52, 37–47.
54. Li, D. Chemistry behind Vegetarianism. J. Agric. Food Chem. 2011, 59, 777–784.
55. Chiplonkar, S.A.; Tupe, R. Development of a Diet Quality Index with Special Reference to
Micronutrient Adequacy for Adolescent Girls Consuming a Lacto-Vegetarian Diet. J. Am.
Diet. Assoc. 2010, 110, 1256.
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

