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Abstract

Background: Few population-based studies of vegetarians have been published. Thus we compared self-
reported vegetarians to non-vegetarians in a representative sample of British Columbia (BC) adults, weighted to
reflect the BC population.

Methods: Questionnaires, 24-hr recalls and anthropometric measures were completed during in-person
interviews with 1817 community-dwelling residents, 19—84 years, recruited using a population-based health
registry. Vegetarian status was self-defined. ANOVA with age as a covariate was used to analyze continuous
variables, and chi-square was used for categorical variables. Supplement intakes were compared using the Mann-
Whitney test.

Results: Approximately 6% (n = 106) stated that they were vegetarian, and most did not adhere rigidly to a flesh-
free diet. Vegetarians were more likely female (71% vs. 49%), single, of low-income status, and tended to be
younger. Female vegetarians had lower BMI than non-vegetarians (23.1 + 0.7 (mean * SE) vs. 25.7 + 0.2 kg/m?),
and also had lower waist circumference (75.0 + 1.5 vs. 79.8 + 0.5 cm). Male vegetarians and non-vegetarians had
similar BMI (25.9 £ 0.8 vs. 26.7 + 0.2 kg/m2) and waist circumference (92.5 £ 2.3 vs. 91.7 £ 0.4 cm). Female
vegetarians were more physically active (69% vs. 42% active >4/wk) while male vegetarians were more likely to
use nutritive supplements (71% vs. 51%). Energy intakes were similar, but vegetarians reported higher % energy
as carbohydrate (56% vs. 50%), and lower % protein (men only; 13% vs. 17%) or % fat (women only; 27% vs. 33%).
Vegetarians had higher fiber, magnesium and potassium intakes. For several other nutrients, differences by
vegetarian status differed by gender. The prevalence of inadequate magnesium intake (% below Estimated Average
Requirement) was lower in vegetarians than non-vegetarians (15% vs. 34%). Female vegetarians also had a lower
prevalence of inadequate thiamin, folate, vitamin B; and C intakes. Vegetarians were more likely than non-
vegetarians to consider various health conditions and food/nutrition concerns when choosing foods.

Conclusion: In this population-based study, evidence was obtained to indicate that vegetarians appear more
'health conscious' than non-vegetarians, although specific differences were not always consistent by gender.
Additional population-based studies are required to determine if the observed gender differences exist in other
populations.
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Background

Interest in the dietary habits of vegetarians emerges from
research suggesting that vegetarians have a lower preva-
lence of various chronic diseases that currently plague the
developed world [1,2]. It has been hypothesized that
these findings are due to vegetarians' dietary habits, which
more closely follow recommendations for healthy eating
[3], and also to their lower BMI [4]. Recently, however, it
has been found that mortality rates did not differ among
vegetarians and similar 'health conscious' omnivores [5,6]
despite vegetarians' lower age-adjusted BMI [5-7]. This
suggests that other lifestyle behaviors commonly
observed in health conscious individuals may be respon-
sible for the observed beneficial health effects. Yet, it is
important to note that the majority of reports of vegetari-
ans' dietary intakes and lifestyle behaviors are from con-
venience samples.

Few population-based studies have examined vegetarians'
dietary intake and habits. Kennedy and coworkers used
population representative data from the Continuing Sur-
vey of Food Intakes by Individuals (CSFII) to gain insights
into the dietary patterns of vegetarians [8]. Specifically,
they compared the intakes of those who consumed meat
on data collection days to those who did not. However,
many of those who did not consume meat were likely not
'vegetarian' as the proportion of those grouped as vegetar-
ian by this method (15%) was much higher than those
who self-identified as vegetarian in the same sample
(2.5%) [9].

CSFII data were also analyzed to compare self-identified
vegetarians to non-vegetarians [9]. Adult vegetarians were
found to have lower BMI as well as lower intakes of total
fat, saturated fat and cholesterol and higher intakes of
fiber and fruits [9]. However, differences by gender or age
were not examined, and if age or gender differences in the
prevalence of vegetarian status exist, as has been observed
in other population representative studies of vegetarians
[10], these could confound the results. For example, if
vegetarians were more likely than non-vegetarians to be
younger and female this could impact group BMIs and
intakes of nutrients that differ by gender or age. In addi-
tion, differences in lifestyle behaviors were not assessed.
This could be important to consider as it has been sug-
gested that other lifestyle behaviors may be the determi-
nant of differences observed in health conditions by
vegetarian status [5,6].

Thus, the aim of the present analysis was to describe and
compare the demographics, lifestyle behaviors, dietary
intake, nutritive supplement use, and food and nutrition
concerns of male and female self-defined vegetarians and
non-vegetarians from a population-based representative
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sample of adults from the province of British Columbia,
Canada.

Methods

The data used for this analysis were collected as part of the
British Columbia Nutrition Survey (BCNS). Details of the
methodology used for the BCNS including sampling strat-
egies, survey instruments, and data entry and analysis are
described in detail elsewhere [11], and are summarized
below.

Participants

Adults aged 19 to 84 years living in BC were recruited for
the BCNS using the BC Health Registry - a central reposi-
tory of individuals who receive health services in BC.
Exclusion criteria included those living in care or correc-
tional facilities, military bases, or Indian Reserves, as well
as pregnant and lactating women. Less than 3% of the
population was excluded on these grounds. The sample
was stratified by age, sex and geographical region. The
study protocol was approved by the University of British
Columbia's Behavioral Research Ethics Board, and written
informed consent was obtained from all participants.

Measures

The BCNS included a 24-hour recall; questions on food
habits and choices, physical activity and demographics;
and anthropometric measurements.

24-Hour Recall

To obtain information on dietary intake each individual
completed a 24-hour recall conducted by personal inter-
view using the open-ended, multiple-pass technique for
which each participant recalled all foods and beverages
consumed on the previous day (midnight to midnight).
Food models and household measures were used to esti-
mate portion sizes. In one third of the sample, a second
24-hour recall was conducted on a different weekday at
least one week following the first recall. Supplement data
were also obtained during the 24-hour recall. Participants
were first asked whether they took any nutritional supple-
ments yesterday followed by a question about whether
they took any supplements within the past month that
differed from the ones taken yesterday. The frequency
(daily, weekly or monthly) and the number or amount of
each supplement were also recorded. When possible,
brand names and the drug identification number (DIN)
were recorded.

Food and Nutrition Habits

Participants were read a list of health-related reasons for
choosing and avoiding foods to determine nutrition and
food concerns. Vegetarian status was assessed by asking
participants if they considered themselves to be a vegetar-
ian. Those who answered 'yes' were also asked if they ever
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ate animal products including dairy, eggs, fish/seafood,
poultry and red meat.

Physical Activity

Questions from previously validated instruments were
asked to obtain information on physical activity, includ-
ing the frequency of mild, moderate and strenuous activ-
ity; and motivational readiness for exercise [12,13].

Demographic Questionnaire
Questions regarding age, gender, marital status, education
and income were asked to characterize the sample.

Anthropometrics

Weight, without shoes, hats or any heavy clothing or
items, was measured using a weekly calibrated electronic
scale. Height was measured using a setsquare and measur-
ing tape, and girths were assessed using a measuring tape.
Weight and height were measured and recorded once;
waist circumferences was measured and recorded at least
twice. BMI was calculated from weight and height (kg/
m?2).

Procedure

Eligible residents who chose not to participate were asked
to complete a non-response questionnaire to determine if
non-responders differed from those who agreed to partic-
ipate. Those who agreed to participate were interviewed in
person by trained interviewers. Interviews lasted approxi-
mately 90 minutes and most took place in participants'
homes.

Analysis

Response rate

In a large population survey such as the BCNS, the
response rate depends on whether individuals that could
not be contacted (unresolved cases) were eligible to par-
ticipate in the survey. Lower and upper bounds for the
response rate can be calculated based on the assumption
that all unresolved cases are eligible (lower bound), or
that all unresolved cases are ineligible (upper bound).

Nutrient intake data

All data were sent to the Bureau of Nutritional Sciences at
Health Canada and were entered into the Nutrition Sur-
vey System, a software program that uses the Canadian
Nutrient File and a recipe database adapted from the
United States Department of Agriculture CSFII. The Cana-
dian Nutrient File was updated to reflect fortification of
grain products with folic acid that began in Canada in
1998. Data on nutritional supplements were entered
using the DIN or by name and/or nutrient content. The
method of estimating the distribution of usual intakes
from food sources alone and from food sources and sup-
plements used the data from duplicate 24-hour recalls to
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remove within-person variability from population distri-
butions of nutrient intakes, yielding an adjusted distribu-
tion of usual intakes for age-sex groups [11,14]. Then the
monthly supplement data were expressed per day and
added to the adjusted usual intake distribution. The pro-
portion of this distribution that fell below the Estimated
Average Requirement (EAR) was used to estimate the
prevalence of inadequate nutrient intakes in an age-sex
group, for nutrients with an EAR and a symmetrical
requirement distribution [14]. This analysis could not be
conducted for vitamin A as the EAR is expressed in new
Retinol Activity Equivalents, whereas intake data were in
Retinol Equivalents. Food intake data were also expressed
as number of servings from the food groups included in
Canada's Food Guide to Healthy Eating (CFGHE).

Statistical analysis

All data were weighted to reflect the BC population based
on gender, age, and geographical region, and were ana-
lyzed using the Statistical Package for Social Sciences
(SPSS; v11.0, Chicago, 11l., 2002). One-way ANOVA with
age as a covariate was used to analyze parametric data
(demographics, nutrient intakes) and Chi-square analysis
was used to analyze categorical data (lifestyle behaviors,
supplement usage, nutrition concerns) between vegetari-
ans and non-vegetarians. The Mann-Whitney test was
used to compare differences by vegetarian status in sup-
plemental nutrient intake as the data were not normally
distributed. Non-parametric tests were also applied to
nutrient intake data that were not normally distributed.
However, findings did not differ from those of parametric
analysis and thus ANOVA was applied to all nutrients for
consistency, and because ANOVA allowed consideration
of effects of covariates. The data were also examined to
assess whether demographic differences between vegetar-
ians and non-vegetarians (other than age and sex) may
have influenced the results. The significance level was set
at p = 0.05 for all statistical measures.

Results

Response rate lower and upper bounds were 42% and
52%, respectively [11]. Approximately 66% of those who
declined to participate completed the non-respondent
survey. Using this information, it was found that BCNS
participants were less likely to smoke (17% vs. 23%) and
more likely to use vitamin/mineral supplements (66% vs.
60%) and hold university degrees than non-participants
(14% vs. 9%). However, in comparison to the general BC
population, BCNS participants had a similar prevalence of
smoking, although study participants were more educated
(21% vs. 13% completed university) and more men were
married (64% vs. 55%). Because of the difference in edu-
cational attainment between survey participants and the
population, the effect of this variable on nutrient intakes
was examined. Educational attainment was associated
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Table I: Participant demographics by vegetarian status

Non-vegetarian (n = Vegetarian (n = 106) Test Statistic! P value
1711)
Age (years, mean * SE) 448 + 0.4 415+ 18 F=3.63 0.057
Age Group x%=9.80 0.020
19 — 30 years 24.8% 38.1%
31 — 50 years 40.9% 31.4%
50 — 70 years 24.3% 20.0%
71+ years 10.1% 10.5%
Sex (% female) 49.2% 70.8% x2=18.58 <0.001
Marital status x2=17.55 0.001
Single 22.5% 35.2%
Married 62.7% 50.5%
Widowed 5.3% 10.5%
Divorced/separated 9.5% 3.8%
Education level x2=0.45 0.800
Secondary or less 33.3% 32.1%
Technical or some university 47.6% 46.2%
University graduate 19.1% 21.7%
Low income 22.8% 37.2% x2=9.28 0.002
Weight (kg, mean + SE)
Men 83.1 £ 0.6 822 %30 F=0.10 0.754
Women 679 £ 0.6 625+ 18 F=7.92 0.005
BMI (kg/m?2, mean + SE)
Men 26.7+0.2 259108 F=0.8I 0.346
Women 25.7+02 23.1 £0.7 F=13.66 <0.001
BMI category — men x%=0.92 0.821
Underweight (< 18) 0.2% 0.0%
Normal weight (18-<25) 48.8% 51.6%
Overweight (= 25-<30) 31.6% 35.5%
Obese (= 30) 19.4% 12.9%
BMI category — women 2= 1634 0.001
Underweight (< 18) 1.1% 0.0%
Normal weight (18-<25) 59.6% 83.1%
Overweight (= 25-<30) 21.2% 12.7%
Obese (= 30) 18.1% 4.2%
Waist Circ. (cm, mean * SE)
Men 917+ 04 925+23 F=0.11 0.740
Women 79.8 £ 05 750% 1.5 F=19.66 0.002
Health Condition — Men (% yes)
Diabetes 5.5 32 x2=0.3I 0.580
Heart disease 6.1 19.4 x%=8.59 0.003
Stroke 0.8 32 x2=1.99 0.158
High blood pressure 11.6 6.5 x2=0.79 0.375
High cholesterol 14.7 9.7 x2= 0.6l 0.434
Cancer 45 6.5 x%=0.27 0.606
Osteoporosis 0.7 0.0 x%2=0.22 0.643
None of the above 70.9 63.3 x2=0.8I 0.370
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Table I: Participant demographics by vegetarian status (Continued)
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Health Condition — Women (% yes)

Diabetes 49
Heart disease 37
Stroke 1.9
High blood pressure 15.3
High cholesterol 11.3
Cancer 8.3
Osteoporosis 6.1

None of the above 67.7

1.3 x2=1.97 0.160
4.0 x2=0.02 0.889
0.0 x2=145 0.228
6.7 x2=4.15 0.042
6.8 2= 144 0.230
1.3 x2=4.70 0.030
8.0 x?=0.44 0.506
784 xX2=3.62 0.057

I Statistical analysis consisted of ANOVA (vegetarian versus non-vegetarian, with age as a covariate) for continuous variables. Chi-square analysis

was used for categorical variables.

only with the intakes of vitamin C and vitamin B,,: it
appeared that those with more education had higher
intakes of vitamin C and lower intakes of vitamin B, [11].

Of the 1817 participants, 5.8% (n = 106) identified them-
selves as vegetarian. Those who identified themselves as
vegetarian were asked if they 'ever' ate various animal
products. It appeared that the majority of self-identified
vegetarians did not adhere rigidly to a vegetarian dietary
pattern: In terms of tissue protein, 74.9% consumed fish
and/or seafood at least occasionally, while 57.6% con-
sumed poultry and 22.4% consumed red meat at least
occasionally. Dairy products were used at least occasion-
ally by 97.3% and eggs by 92.3%.

Demographics

The demographic characteristics of vegetarian and non-
vegetarian participants are presented in Table 1. Vegetari-
ans tended to be younger than non-vegetarians (p =
0.057), and the age group distribution differed signifi-
cantly, with more vegetarians falling in the 19 to 30 year
range. Groups differed in sex distribution with women
representing over 70% of vegetarians and half of non-veg-
etarians. Although the majority of both groups was mar-
ried, there was a significant difference in marital status
distribution, with vegetarians more likely to be single. In
addition, vegetarians were significantly more likely to be
of low income status although there were no differences
in education level. Accordingly, data were examined to
assess the effects of marital status and income status.

Female vegetarians had a significantly lower mean age-
adjusted body weight and mean BMI than non-vegetari-
ans, as well as a lower waist circumference. Low income
status and marital status did not affect these variables. In
addition, vegetarian women were significantly less likely
to be classified as overweight or obese (17% vs. 40%).
Conversely, for males, weight, BMI, and BMI category dis-
tribution were very similar between vegetarians and non-
vegetarians, with approximately 50% of both groups clas-

sified as overweight or obese. There were no significant
differences in age-adjusted waist circumference between
vegetarian and non-vegetarian men.

The prevalence of certain health conditions differed by
vegetarian status. Male vegetarians had a higher preva-
lence of heart disease while female non-vegetarians were
more likely to report cancer and hypertension.

Lifestyle behaviors

Female vegetarians were more likely than non-vegetarians
to report moderate to strenuous physical activity four or
more times weekly (69% vs. 42%, y2=21.69, p < 0.001),
and more women vegetarians than non-vegetarians were
in the 'action' or 'maintenance' stages of motivational
readiness for exercise (76% vs. 53%, y2 = 21.67, p <
0.001). Although single women in the sample as a whole
were more active than women who were married, wid-
owed, divorced or separated, when age was considered
marital status did not affect physical activity level. Low
income status was not associated with physical activity in
women. In contrast, male vegetarians and non-vegetari-
ans did not differ in the amount of weekly exercise: the
majority of both groups participated in moderate to stren-
uous physical activity less than four times a week (55% vs.
52% respectively, x2 = 0.18, p = 0.913). Men were also
similar in terms of the distribution of the stage of motiva-
tional readiness for exercise (y2=1.78, p < 0.776). On the
other hand, smoking status differed between vegetarians
and non-vegetarians for both men (3% vs. 18%, %2 =4.15,
p <0.05) and women (0% vs. 18%, x2=15.85, p<0.001).

Supplement use and intakes

The majority of all groups reported nutritive supplement
use. Among men, significantly more vegetarians than
non-vegetarians reported using supplements (71% vs.
51%, y2 = 4.76, p = 0.029). However, for women, the
difference was not significant with 76% of vegetarians and
68% of non-vegetarians reporting supplement use (2 =
1.88, p = 0.170). On the other hand, female vegetarians
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who used supplements reported using a higher number of
supplements than non-vegetarians (3.5 + 0.4 (mean + SE)
vs. 2.3 + 0.1, F = 15.33, p < 0.001), while the numbers
used by males were similar (1.3 + 0.4 vs. 1.5 + 0.1, F =
0.40, p = 0.53).

The proportion of individuals using supplements of many
nutrients differed significantly by vegetarian status (data
not shown). More vegetarians than non-vegetarians of
both sexes used a supplement containing the B vitamins.
However, for other nutrients, the results were split along
gender lines: more female vegetarians used supplements
of all other vitamins/minerals except for vitamin E and
calcium; whereas among males, there were no additional
significant differences by vegetarian status.

Differences in supplemental nutrient intake were also evi-
dent between vegetarians and non-vegetarians who used
supplements (data not shown). Among women, vegetari-
ans had significantly higher median supplemental intakes
of calcium, iron, magnesium, potassium, niacin, folic acid
and vitamins A, D and B,,. Among men, vegetarians had
a significantly higher median supplemental intake of vita-
min C.

Energy and nutrient intakes

Age-adjusted energy and nutrient intakes from food are
presented by vegetarian status and gender (see Additional
File 1). Income status did not affect nutrient intakes [11].
There were no significant differences in energy intake
between vegetarians and non-vegetarians, but energy dis-
tribution differed significantly by vegetarian status for
both sexes. Compared to non-vegetarians, both male and
female vegetarians consumed significantly more energy as
carbohydrate. Among men, vegetarians had a significantly
lower proportion of energy from protein. Conversely,
female vegetarians had a significantly lower percentage of
energy from fat.

Male and female vegetarians had significantly higher
intakes of fiber, magnesium and potassium. Female vege-
tarians had significantly higher intakes of carbohydrate
(g), phosphorus, thiamin, pantothenic acid, vitamin By,
and folate and lower intakes of saturated fat and sodium.
Conversely, male vegetarians had significantly higher
intakes of vitamin C and calcium, and lower intakes of
protein (g), niacin and cholesterol.

The prevalence of inadequate intakes of selected nutrients
by vegetarian status and gender are shown in Figure 1.
These data are based on combined intake from food plus
supplements. No differences were observed in the preva-
lence of inadequate intakes of vitamin B, or zinc, but sig-
nificantly more non-vegetarians had intakes below the
EAR for magnesium in both men and women. There were
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also significant differences for both genders in the preva-
lence of inadequacies for thiamin, although in both cases
the prevalence of inadequacy was <10%: for men, more
vegetarians were below the EAR, while for women, non-
vegetarians were more likely to be below the EAR. Female
non-vegetarians were also significantly more likely to be
below the EAR for vitamin C, vitamin B, and folate.

Intake based on Canada's Food Guide to Healthy Eating
Analyses of dietary intake based on servings of CFGHE
food groups by vegetarian status and gender, adjusted for
age, are presented in Table 2. Vegetarians of both genders
had a significantly higher number of servings of fruits and
vegetables. Only female vegetarians had a significantly
higher number of servings of grain products while only
male vegetarians had a significantly higher number of
servings of milk products and a significantly lower
number of servings of meat and alternatives.

The proportions of participants meeting the minimum
number of CFGHE servings by vegetarian status and gen-
der are also displayed in Table 2. Vegetarians of both gen-
ders were less likely to meet the minimum
recommendations for meat and alternatives. Among
women, vegetarians were more likely to meet the mini-
mum servings of grain products, while among men, vege-
tarians were more likely to meet recommendations for
fruits and vegetables as well as milk products.

Food and nutrition concerns

For both genders, vegetarians were significantly more
likely to report 'maintaining/improving health' as a con-
sideration when choosing/avoiding foods than non-vege-
tarians (men: 100% vs. 65%, p < 0.001; women: 93% vs.
77%, p = 0.001). Male vegetarians were more likely than
non-vegetarians to also consider heart disease (77% vs.
38%, p < 0.001) and high blood pressure (45% vs. 25%,
p = 0.013) when choosing/avoiding foods. Female vege-
tarians were more likely than non-vegetarians to also con-
sider cancer (41% vs. 30%, p = 0.05), osteoporosis (61%
vs. 38%, p < 0.001) and food allergies/intolerances (43%
vs. 30%, p = 0.026), and were less likely than non-vegetar-
ians to consider weight gain (46% vs. 61%, p = 0.013)
when choosing/avoiding foods. Finally, more non-vege-
tarians than vegetarians reported that they did not con-
sider any of the aforementioned factors (maintaining/
improving health, heart disease, cancer, osteoporosis,
high blood pressure, weight gain, food allergies/intoler-
ances) when choosing/avoiding foods (men: 26% vs. 0%,
p = 0.001; women: 12% vs. 1%, p = 0.004).

Vegetarians of both genders were more likely than non-
vegetarians to report choosing foods because of the nutri-
ents they contain (men: 73% vs. 53%, p = 0.025; women:
88% vs. 68%, p < 0.001), and to report avoiding foods
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because of their fat content (men: 77% vs. 59%, p =0.041;
women: 84% vs. 72%, p = 0.023). Male vegetarians were
more likely than non-vegetarians to also consider the type
of fat (63% vs. 36%, p = 0.003) and the amount of unsatu-
rated fat (63% vs. 28%, p < 0.001) when choosing foods
and to avoid foods because of their cholesterol (55% vs.
36%, p = 0.032) and saturated fat (58% vs. 38%, p =
0.021) content. Female vegetarians were more likely than
non-vegetarians to also report avoiding foods because of
their salt content (57% vs. 45%, p = 0.043). On the other
hand, more non-vegetarians than vegetarians reported
that, when choosing foods, they did not consider any of
nutrient content, type of fat, amount of unsaturated fat, or
fiber content (men: 34% vs. 16%, p = 0.035; women: 19%
vs. 3%, p < 0.001). When avoiding foods, more female
non-vegetarians reported that they did not consider any of

the fat, salt, cholesterol, sugar or saturated fat content
(16% vs. 5%, 0 = 0.014).

Discussion

The purpose of this study was to examine and compare
the dietary habits and lifestyle behaviors of self-defined
vegetarians and non-vegetarians from a population-based
representative sample of BC adults. Approximately 6% of
the sample, weighted to reflect the BC population,
reported being vegetarian. The findings of this study sug-
gest that the dietary habits, lifestyle behaviors, and food-
choice motivations of self-defined vegetarians differ from
those of non-vegetarians, and that there may be variation
between men and women which has not previously been
examined in population-based studies.
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Table 2: Canada's Food Guide servings and percentage of participants meeting minimum recommendations by vegetarian status and

gender.
Food Group Servings (Mean + SE) % Meeting Recommendation
Non-vegetarian Vegetarian Non-vegetarian Vegetarian

Grain Products!

d 7.7+0.16 7.9 £0.8I 70.5 67.7

Q 5.0 £ 0.09 5.9+ 0.31* 455 57.3*
Fruit and Vegetables!

d 53+0.13 7.3 £ 0.70% 455 64.5%

Q 45+0.12 5.6 + 0.40%** 34.0 40.0
Milk and Milk Products?

d 1.7 £ 0.06 3.0 £ 0.29%F* 335 67.7%%%

Q 1.4 +0.04 1.5+0.14 253 333
Meat and Alternatives?

d 45+0.12 1.9 £ 0.6+ 78.1 5.6+

Q 2.7 £0.07 2.6 +0.24 57.8 45.3*

*p <0.05 *p<0.0l,**p<0.00l
I'Minimum serving recommendation is 5 servings.
2 Minimum serving recommendation is 2 servings.

3 Minimum serving recommendation is 2 servings; servings calculated as 50 g equivalent

Several aspects of our results warrant additional consider-
ation, one of which is the small proportion of self-identi-
fied vegetarians who adhered rigidly to diets free from
animal flesh. Occasional use of seafood, poultry, or meat
by a majority of those who consider themselves to be veg-
etarian has also been reported in other studies [9,15]. If a
strict definition of vegetarianism had been used, the prev-
alence in our study would be less than 1.5% rather than
close to 6%. Despite basing our analysis on respondents'
self-definition, we still observed a number of differences
in nutrient intake and lifestyle behavior. At some level,
this validates respondents' self-identification as
vegetarian.

Evidence for a higher level of 'health consciousness'
among vegetarians in our sample was provided by find-
ings of increased use of nutrient supplements, higher
intakes of several nutrients (fiber, magnesium, potas-
sium), higher intakes of fruits and vegetables, a consider-
ably lower prevalence of smoking, and among women,
higher physical activity and a lower BMI. Many of these
findings have been reported in other studies, although
most reports from convenience samples have not found
differences in smoking or exercise behavior by vegetarian
status [7,16-21]. It is likely that convenience sampling
resulted in recruitment of more 'health conscious' partici-
pants and therefore did not detect differences. Thus our
findings provide population-level support for the concept

that vegetarians have healthier lifestyle practices than the
general population of non-vegetarians.

Vegetarians were also more likely to consider 'maintain-
ing/improving health' when choosing/avoiding foods, to
choose foods for the nutrients they contain and to avoid
foods for their fat content. These findings provide addi-
tional evidence of health consciousness, and are consist-
ent with research reporting that health concerns and
benefits are a primary reason for adopting a vegetarian
lifestyle [22,23], although we did not assess motivation
for adopting a vegetarian diet. They are also consistent
with a population-based study in the Netherlands that
found vegetarians were more likely to report health con-
siderations when purchasing food [10]. That study, how-
ever, did not report nutrient intakes.

A novel aspect of our analysis was that, in addition to
assessing differences in nutrient intakes, we also com-
pared the prevalence of inadequate nutrient intakes using
the EAR cut-point method [14]. As assessed by the propor-
tions with total usual nutrient intakes below the EAR, veg-
etarians were less likely to have an inadequate intake of
magnesium, and female vegetarians were also less likely
to have inadequate intakes of folate, vitamin C, thiamin
and vitamin B,. Although there were no differences by
vegetarian status in the proportions with zinc intakes
below the EAR, this may not be an accurate reflection of
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zinc adequacy, as the requirement for dietary zinc may be
as much as 50% greater for vegetarians [24]. Similarly,
iron requirements of vegetarians are estimated to be 80%
greater than those of non-vegetarians [24]. However, the
adequacy of iron intakes was not assessed in our study
because the iron requirement distribution is skewed, and
therefore the EAR cut-point method cannot be used to
estimate the prevalence of inadequacy [14]. Finally,
although adequacy of vitamin B, intakes is often identi-
fied as a concern for vegetarians, in our sample the preva-
lence of inadequate intakes was similar by vegetarian
status. This is likely due to the fact that almost all vegetar-
ians used dairy products and eggs, as well as to the high
prevalence of B vitamin supplementation among
vegetarians.

Although our vegetarian sample was small, our results
provide suggestive evidence of gender differences. For
example, vegetarian women had a lower age-adjusted BMI
and waist circumference, and a lower prevalence of over-
weight/obesity, while no differences were seen between
vegetarian and non-vegetarian men. This may have been
due to the higher frequency of physical activity reported
by vegetarian women (but not men), as energy intake did
not differ by vegetarian status for either sex. Reports from
convenience samples often suggest that vegetarians have
lower BMI and/or a lower rate of obesity [2,7,22,25-27].
Conversely, other convenience samples, in which energy
intakes and physical activity were similar between
vegetarians and non-vegetarians, did not detect differ-
ences in BMI between groups [16-19,28,29]. In the popu-
lation-based CSFII, self-identified vegetarians had lower
energy intakes and age-adjusted BMI [9]. However, a
major limitation of that report was that analyses were not
conducted by gender. Accordingly, if vegetarians were
more likely to be female, as observed in our sample and
another population-based sample [10], vegetarians' mean
energy intake and BMI would appear to be lower because
of women's lower mean energy intakes and BMI.

The distribution of macronutrient intakes also provided
suggestive evidence of gender differences. Carbohydrate
as a percentage of energy was higher among vegetarians,
as was also found in the CSFII vegetarian analysis [9] and
the majority of convenience sample studies
[18,22,26,27,30,31]. Other studies have also reported
lower percentage energy from fat [8,9,22,27,32] and pro-
tein [8,18,22,27,28,30-32]. In our sample, only male veg-
etarians had a lower proportion of energy from protein
and only female vegetarians consumed less energy from
fat.

We also observed gender differences in motivations for
choosing/avoiding foods. Only male vegetarians were
more likely to report considering heart disease and high

http://www.ijbnpa.org/content/2/1/4

blood pressure when choosing/avoiding foods and to
report avoiding foods because of their cholesterol or satu-
rated fat content. This is consistent with the higher preva-
lence of heart disease among the male vegetarians in our
sample, who we speculate may have chosen to follow a
vegetarian diet as a result of heart disease. Because we did
not assess motivation for adopting a vegetarian diet, this
cannot be ascertained, and in any case, the study's cross-
sectional design precludes causal inferences. Female vege-
tarians, on the other hand, were not more concerned
about heart disease, but were more likely to consider can-
cer, osteoporosis and food allergies/intolerances when
choosing/avoiding foods and to avoid foods because of
their salt content. They were also less likely to consider
weight gain when choosing/avoiding foods. It has been
suggested that some young women may adopt a vegetar-
ian lifestyle in an effort to lose weight [33,34]; however,
this does not appear to be true for our population-based
sample.

While our findings suggest that variation by gender may
exist in vegetarians' dietary habits and lifestyle behaviors,
the study limitations should be acknowledged. First,
although the sample was considered representative of the
province of British Columbia, it was not nationally repre-
sentative, which means that inferences cannot be made
about the Canadian population. Also, the response rate,
although typical of other studies of this kind, was not
optimal. Second, the absolute number of self-identified
vegetarians was small and therefore caution must be used
when interpreting the apparent gender differences. We
had limited power to detect gender-by-vegetarian status
interactions. Finally, data on dietary intake and lifestyle
behaviors were based on self-reports, and it is known that
dietary intakes are underreported [35]. This would be
problematic if differences existed in the extent of underre-
porting by vegetarian status. However, based on similar
reported energy intakes of the two groups, it appears
unlikely that differential underreporting occurred.

We do not believe that our observations of higher 'health
consciousness' among vegetarians were confounded by
other differences between vegetarian and non-vegetarian
groups. First, although the prevalence of vegetarianism
was higher among women than men, we conducted anal-
yses separately by gender. Second, vegetarians tended to
be younger than non-vegetarians, so age was included as
a covariate in nutrient intake and anthropometric analy-
ses. Third, although vegetarians were more likely to be sin-
gle and to report low-income status, consideration of
these differences did not affect our observations.

Conclusion
Taken together, these population-based findings add fur-
ther support to the concept that adult vegetarians are
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more health-conscious than non-vegetarians, and that
this difference extends to food choice and nutrition con-
cerns. Additional population-based studies comparing
dietary habits and lifestyle behaviors by vegetarian status
and gender are needed to determine if gender differences
observed in our representative sample exist in other pop-
ulations in the developed world.
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