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Abstract

This study compared the dietary and anthropometric profile of 24 ovo-lacto-vegetarian and 3t
omnivorous female adolescents, between 15 and 18 years old. Weight, height and skinfolds we
measured. Food frequency questionnaires and a three day food record were used for dietary asse
ment. Vegetarians presented subscapular, suprailiac and midaxillary skinfolds statistically higher the
omnivores, but the percent body fat was not different. The vegetarian diet provided smaller amoun
of energy than that of the omnivorep (< 0.05) andonly 17% of the vegetarians was able to reach
the recommended allowance for protein. Regarding calcium, 83% of the vegetarians and 69% of tt
omnivores ate less than 2/3 of the recommended allowances and a significantly higher percentage
vegetarians presented low ingestion of iron, riboflavin, and niacin than omnivpresQ.05). It was
concluded that the intake of vegetarians was lower in fat and cholesterol, and less adequate
micronutrients than the omnivores ones. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

Vegetarian diets have been studied, mainly as to their potential benefits in preventin
chronic diseases, such as obesity, hypertension, coronary disease, diabetes mellitus, bre
and colon cancer among others [1,2,3,4,5]. However, the implications of the different type
of eating patterns are difficult to interpret, because in addition to diet, other factors relate
to lifestyle, also have an influence on nutritional status [6].

Seventh-Day Adventists are an excellent population in which to study the health effect:
of vegetarianism, because the Church actively promotes the adoption of a lacto-ovc
vegetarian diet; it is not a requirement for membership and approximately 40% to 50% o
them are vegetarians [7,8]. At the same time, potential confounding factors, such as cigaret
smoking and alcohol intake are avoided as these are proscribed by the Church [9]. |
accordance with Fonnebo [10], due to all the aforesaid causes, morbidity and mortalit
among those devoted to this religion are 50% lower than in the general population. Nevel
theless, this has only been verified when the individuals follow Church’s rules, including the
vegetarian diet, from adolescence.

However, the counterpart to the positive implications that adopting vegetarianism cal
bring during periods of fast growth, such as adolescence, is that vegetarians are at increas
risk for insufficient intakes of energy and some nutrients [11]. Besides, the high content o
anti-nutritional factors of the vegetarian diet, such as phytates and oxalates, is related to tl
low bioavailability of minerals of this diet [12,13]. This is seen in the inadequate dietary and
anthropometric profiles detected among vegetarian children and adolescents [14,15,1¢
According to Soares [17] and Messina & Messina [18], the nutritional implications of the
vegetarian eating pattern, at different physiologic phases of individuals and population
deserve more studies. Therefore, the purpose of this research was to compare the nutritiol
status of vegetarian and omnivorous Seventh-Day Adventist adolescent girls.

2. Methods
2.1. Subjects

The study was done with 60 female adolescents, 24 vegetarian and 36 omnivorou
Seventh-Day Adventists, between 15 to 18 years old, who studied at the Adventist Institut
of Learning of Sa Paulo city, Brazil. They were recruited using posters fixed in the campus
noticeboards and through word spread in the class rooms. None of the adolescents was o
special diet to lose weight. This research was conducted with the approval of the Feder.
University of Rio de Janeiro, and with the individual consent of each voluntary adolescent’s
parents before participating of any assessment. The data were collected between April a
November 1997.

The adolescents who followed a vegetarian diet for at least one year were classified
vegetarians. The vegetarian diet included milk, dairy products and eggs. Poultry and fis
were consumed less often than once every fifteen days. The omnivorous adolescents
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meat, including poultry and fish, at least once a week. These criteria have been previous
described by other authors [19,20,21,22,23,24,25].

2.2. Sexual maturation

In order to judge the stage of sexual maturation, each adolescent self-evaluated tt
development of her secondary sexual characteristics through the illustrations proposed |
Tanner [26] for breast development and by Van Wieringeal. [27] for pubic hair growth.

2.3. Anthropometric assessment

Anthropometric measurements included: height, weight, skinfold thicknesses, all mea
sured by the same anthropometrist. Height was measured using a Harpenden stadiome
with adolescents in a orthostatic position and barefooted. They were not wearing any arche
tiaras or hairpins and their height was recorded to the nearest 0.1 cm. Body weight we
measured with the adolescents in an upright position, wearing lycra shorts and top, bar
footed. A digital Personal Line scale, model PL 150, with a 100g precision and a capacit)
of up to 150 kg was used and the weight was recorded to the nearest 0.1 kg. Skinfol
thicknesses were measured in nine anatomic sites: biceps, triceps, suprailiac, subscapu
midaxillary, vertical abdominal, medial calf, chest, and mid thigh, according to the technique
described by Pollock & Wilmore [28], using a Lange skinfold caliper. Three measurements
were made for each skinfold, and the mean was used as a final result, expressed
millimeters.

The percentage of body fat was estimated according to Durnin & Rahaman [29] for
adolescents under 16 years old, and Durnin & Womersley [30] for those between 16 and 1
years old. The body mass index—BMI (weight in kg/height if) mvas calculated.

The nutritional diagnostic criteria proposed by the World Health Organization [31] were
used, which state that adolescents between the 5th and 85th percentile of BMI-for-age are
normal weight, those who are below this cut-off value are thinness, those above the 85t
percentile are at risk of overweight, and adolescents above this cut-off value Sith
percentile for both triceps and subscapular skinfolds are obese. The height/age (H/A) inde
was assessed in accordance with the National Center for Health Statistics guidelines—NCF
[32], as established by the WHO [31].

2.4. Physical activity

Physical activity was surveyed through questions that included the time spent in dail
activities, and timing and frequency of the physical exercises done. Those adolescents wi
carried out a physical activity at least three times a week, for minimum of 30 minutes
accumulated throughout the day, as recommended by the American College of Spor
Medicine [33], were classified as physically active. The different types of physical activities
were grouped by intensity into three categories: light, moderate and intense, according |
FAO/WHO/UNU [34].
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2.5. Dietary assessment

For qualitative dietary assessment, subjects were requested to answer a food frequer
questionnaire (FFQ). Categories for frequency response to each item on this questionna
were: daily, 4 to 6 times, 2 to 3 times and once a week. For quantitative assessment,
three-day food record was used, including one weekend day. All records were filled in by tht
adolescents and checked at the time they were handed in, in order to make sure that t
information about the different foods had been properly described, according to previou
studies [14,24,35]. The household measures were converted into grams, using theeBoare:
al. [36] and Pinheircet al. [37] tables.

The nutritional composition of the diets was analyzed using the Nutrition Support
Program of the Center for Informatics in Health of the Escola Paulista de Medicina, Sa
Paulo, Brazil—version 2.0/CIS-EPM [38]. The composition of the foods and preparations
frequently consumed by Seventh-Day Adventists which were not contained in the softwar
was obtained from information given by the food industry. The average of the three record
was used to compare food ingestion between vegetarians and omnivores. The consumpti
of energy, animal protein, iron, thiamin, riboflavin, niacin and ascorbic acid was comparec
with the Recommended Dietary Allowances [39]. As far as total proteins are concerned, th
values corrected by protein digestibility of the Brazilian diet were used, as suggested b
Vannucchiet al., referred to the FAO/WHO/UNU [34]. The macronutrients, expressed as a
percentage of the total energy ingestion, were compared to the values established by t
World Health Organization [40]. Calcium ingestion was compared to the values recom:
mended by the Institute of Medicine [41]. The nutritional interviews and analyses were
conducted by a registered dietician.

Because group mean intakes sometimes obscure unacceptably low or high intakes, t
consumption of nutrients was distributed in three defined categories: inferior to 2/3 (very
inadequate ingestion), from 2/3 to 3/3 (inadequate ingestion) and at or above the dietal
recommendations (adequate ingestion) [42]. The daily energy expenditure was individuall
estimated, using equations proposed by FAO/OMS/UNU [34] and multiplied by an activity
coefficient in accordance with the NRC/RDA [39].

2.6. Statistical analysis

Statistical analyses were carried out using the TRUE EPISTAT software, version 2.0. Ir
order to compare the anthropometric variables between omnivorous and vegetarian adole
cents, the parametric Studentgest was used. In relation to dietary variables, the non
parametric Mann-Whitney test was usétlgtatistics), given the great variability of the data.
Fisher's exact test was used to determine whether there were any differences between d
patterns for the percentages of subjects in each defined category of nutrient intake. Tt
results have been expressed in means and standard deviation. All tests were conside
significant atp < 0.05.
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Table 1
Anthropometric parameters of vegetarian and omnivorous adolescents (mean and standard deviation)
Vegetarians (n= 24) Omnivores (= 36) p-value
Height (m) 1.60+ 0.05 1.60+ 0.05 0.262
Weight (kg) 57.68+ 7.88 57.00+ 8.83 0.377
Body mass index (kg/f) 23.93+ 3.04 21.90+ 2.85 0.227
Skinfold thicknesses (mm):
Triceps 22.21+ 7.45 21.30+ 6.81 0.314
Subscapular 17.73 7.70 13.80+ 4.80 0.009
Suprailiac 24.18+- 9.51 20.00+ 8.42 0.040
Chest 9.59+ 5.02 8.10+ 2.75 0.065
Midaxillary 13.91+ 7.04 10.70* 4.72 0.020
Vertical abdominal 21.26- 10.48 19.20+ 6.78 0.185
Mid thigh 32.13+ 7.16 30.50+ 7.57 0.202
Calf 19.67+ 5.84 18.60+ 5.83 0.238
Biceps 10.16+ 3.85 9.50+ 3.55 0.261
Sum of 9 Skinfolds 170.7% 55.28 151.60+ 44.67 0.073
% Body fat 31.08+ 4.78 29.78+ 4.10 0.132
3. Results

Among vegetarian adolescents, 11 (45.9%) had followed a lacto-ovo-vegetarian diet fo
their entire lives, 8 (33.3%) had adopted a vegetarian diet for at least 1 year, and 5 (20.8%
had poultry or fish less than once every fifteen days. All of them had already reache
menarche and stages M4 and P4 of breast and pubic hair development, respectively. T
mean age for menarche was 12.42 year$.32 years among vegetarians and 12+07.14
years among omnivorous (difference not statistically significant).

Table 1 shows that vegetarian adolescents presented higher average values than
omnivores in all anthropometric parameters assessed, except height. Subscapular, suprail
and midaxillary skinfold thicknesses were statistically higher.

It has been verified that 6 (20.8%) of the vegetarians and 6 (16.7%) of the omnivores wer
overweight; however one of the overweight vegetarians was obese. Yet, 19 (79.2%) c
vegetarians and 30 (83.3%) of omnivores were within of normal range of BMI, and none of
the adolescents was thinness.

Only one vegetarian was below the 3rd percentile of the NCHS guidelines for H/A, while
all the omnivores had adequate stature.

Regarding regular physical activity, the total time spent weekly on physical exercise wa:
on average 3.42- 1.94 hours, and 4.3% 1.75 hours by vegetarians and omnivorous,
respectively; the difference is not statistically significant. It has become evident that only
44.4% of the vegetarian and 31.8% of the omnivorous adolescents exercised with adeque
frequency and duration of training. Besides, 57.1% of the vegetarians and all of the
omnivores carried out moderate intensity activities.

Table 2 shows that, compared to the omnivores, a larger percentage of vegetarial
consumed lettuce, beans, rice, whole wheat bread and banana daily, however a smal
percentage reported having cheese, chocolate, sweets and natural juices in their diets.

The three-day food record revealed that vegetarians consumed significantly lowe
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Table 2
Food intake patterns of vegetarian and omnivorous adolescents

Type of food  Percentage consuming the food item

Vegetarians (n= 24) Omnivores (n= 32)

Daily 4 to 6/week 2 to 3/week 1/week Daily 4 to 6/week 2 to 3/week 1/week
Meat 0 0 0 0 12 6 34 29
Poultry 0 0 0 0 0 12 41 41
Milk 48 0 20 14 56 6 12 0
Cheese 0 0 36 7 12 19 19 29
Eggs 0 0 8 12 3 0 12 25
Lettuce 72 16 0 7 28 28 19 12
Black beans 56 8 8 0 52 24 19 3
Banana 64 16 0 0 20 24 28 6
Whole rice 40 0 8 7 0 0 12 6
Whole bread 72 0 24 0 20 32 19 12
Margarine 0 0 8 0 20 28 34 6
Soft drinks 0 0 16 35 20 19 19 29
Natural juices 28 0 40 28 49 19 24 0
Gluten 0 0 56 44 0 0 12 18
Sweets 16 20 0 0 60 25 12 0
Chocolate 16 0 28 7 28 6 24 12

amounts of energy, protein, fat, and cholesterol than omnivores. As to the energy contribt
tions of the percentage of macronutrients, the vegetarians’ diet was characterized by
statistically smaller content of protein and fat and a higher content of carbohydrate than the
of the omnivores (Table 3).

It has been verified that the energy consumption of 71% of the vegetarians and 66% of tr
omnivorous was below their calculated individual requirements. Regarding animal proteir
ingestion, it can be observed that all vegetarians had less than 67% of the recommendatic
(Fig. 1). In addition, 33% of the vegetarians had very inadequate diets, even considering tot
proteins. As far as the omnivores are concerned, 28% had a very low intake of animal prote
and only 6% of total proteins. It must be emphasized that a significantly higher percentag
of vegetarians consumed very low amounts of total protgns (0.05) andanimal proteins
(p < 0.0001)than omnivores.

Table 3 shows that vegetarians ingested smaller amounts of iron and niacin than omn
vores. On Fig. 2, it is shown that none of the vegetarians and only 3% of the omnivorous ha
diets providing adequate amount of calcium, and 83% of the first and 69% of the latel
ingested less than 2/3 of the dietary recommendations. Regarding iron, 96% of the vegete
ians and 88% of the omnivoroup (< 0.05) ingested amounts below the recommended
allowances (Fig. 2).

4. Discussion

As shown by Tojoet al. [43], in adolescence chronological age is less relevant to, and
physiological age is more representative of the adolescents’ development. All participants
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Table 3
Daily intake of energy, dietary fiber and nutrients by adolescents (mean and standard deviation), according t
eating pattern

Vegetarians (n= 24) Omnivores (n= 32) p-value

Energy (kcal) 1,721 457 2,115+ 601 0.021
Protein (g) 51.3+ 18.2 74.4+ 22.5 <0.0001
Total protein (% total 11.8+ 2.2 14.5+ 3.1 <0.001

energy)
Total protein (g kg™ %) 0.93+ 0.33 1.39+ 0.45 <0.0001
Animal protein (g) 12.0+ 6.6 42.8+ 19.2 <0.0001
Animal protein (g- kg™ 0.22+ 0.12 0.80+ 0.37 <0.0001
Carbohydrate (g) 2746 71.0 293.5+91.1 0.306
Carbohydrate (% total 65.9+ 5.2 55.9+ 7.4 <0.0001

energy)
Total Fat (9) 45.8+ 16.2 714+ 27.1 <0.0001
Total Fat (% total energy) 22385.0 29.7 5.6 <0.0001
Cholesterol (mg) 66.4 42.4 192.1+ 93.4 <0.01
Dietary fiber (g) 22.3t 9.1 19.3£ 6.6 0.095
Thiamin (mg) 0.87+ 0.73 0.87+ 0.52 0.410
Thiamin (mg- 1000 kcal *)* 0.42 + 0.25 0.40+ 0.23 0.470
Riboflavin (mg) 0.95+ 0.60 1.06+ 0.48 0.256
Riboflavin (mg- 1000 0.44+0.23 0.48+ 0.15 0.121

kcal~ )
Niacin (mg) 8.21+ 5.82 12.25+ 7.46 <0.001
Niacin (mg- 1000 kcal *)* 3.84+2.08 5.65+ 2.31 0.020
Ascorbic acid (mg) 113.2 78.7 83.0+ 71.8 0.080
Calcium (mg) 664.4- 292.9 716.8- 275.4 0.143
Iron (mg) 7.62+ 3.23 10.53+ 3.21 <0.01

* Average daily amount of vitamins consumed per 1000 kcal of energy.

the present study were considered to be post-pubescent, because they were already
advanced stages of the sexual maturation process, confirmed by the occurrence of menarc
Therefore, they were in the lineal growth final phase. Vegetarians and omnivorous reporte
the occurrence of the menarche at similar ages, as also observed by Pewedkyl4],
however differing from Sanchez, Kissinger & Phillips [44] and Kissinger & Sanchez [45],
who described that menarche occurred later among vegetarians. In addition, the menarc
mean age of the adolescents of the present study were lower than the Brazilian average of
years and 2 months, obtained by the National Research on Health and Nutrition/INAN [46]

Differences in stature between vegetarians and omnivores were not seen, yet the adole
cents assessed were shorter than the North American adolescents of the same age range
eating pattern, studied by Sabateal. [47]. These authors revealed that as of the age of 15,
vegetarian Seventh-Day Adventists girls were 2.1 cm taller than omnivorous girls on
average. Sabatet al. [19] have verified that the vegetarian diet could interfere with the
stature gain of pre-adolescents only, probably due to the delay of the beginning of pubert
However, in accordance with the same authors, the stature of vegetarians is not impaire
because they continued growing until the end of adolescence and they can reach a fir
heights that are similar those of omnivorous girls.

In the present research, only one vegetarian was below the 3rd percentile of the height/a
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Vegetarians
100%%
' 17%
B0%
60% 50%
40%+

20%-
17— — .
Total Protein Animal Protein
Omnivores
100%-
0% 34%
[ 63%
60%-{
38%
40%|
20%| 3%
28%
Total Protein Animal Protein

M Ingestion < 2/3 O Ingestion from 2/3 to 3/3 O Adequate ingestion

Fig. 1. Percentage of vegetarians and omnivorous adolescents according to recommendations for protein
g-kg - day * (FAO/OMS/UNU, 1985).

of NCHS guidelines, thus corroborating the findings of Tayter & Stanek [48], who observed
vegetarian and omnivorous adolescents with adequate statures in accordance with this sa
referential. These results ratify those of Sabeteal [19], as they refer to the lifestyle
adopted by Adventists, which assures proper lineal growth.

In general, considering skinfolds thickness it has been verified that vegetarians prese
more adiposity than omnivores, and the subscapular, suprailiac and midaxillary skinfold
were statistically higher in the former. Regarding BMI, the similar values found for vege-
tarians are in disagreement with those of Taber & Cook [49] and Janelle & Barr [50], who
found that vegetarians had lower values than non-vegetarians. Nevertheless, our results
in accordance with those of Dwyeat al. [51], who state that a vegetarian diet cannot
automatically be associated with leanness.

In this way, the growing interest in prevention of overweight in adolescence [52] must be
extended also to vegetarians, because adolescents with high BMI have great chances
becoming overweight adults, and they have a high risk of developing chronic disease:
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Fig. 2. Percentage of vegetarians and omnivorous adolescents according to recommendations for micronutriel
(NRC/RDA, 1989; IOM/DRI, 1997; IOM/DRI, 1998).

However, BMI cannot fully express the body composition [53]. Thus, the percent body fat
estimation has shown that some adolescents, even those considered within the normal rar
of BMI, could have already presented high level of body fatness. Tayter & Stanek [48] founc
a larger percentage of vegetarians than of omnivores (30% versus 10%) obese by tl
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weight/stature indicator. These authors discuss the importance of exploring in more deta
physical activity as well, in an attempt to understand the reasons that lead vegetarians, wl|
generally eat low energy density diets, to be overweight.

In the present study, a small number of adolescents performed regular physical exercis
The omnivorous individuals who had carried out some kind of physical exercise, performe
moderate intensity activities. These activities are much more likely to be conducted over
longer period of time than high intensity activities, allowing for a daily energy expenditure
which is proper to the maintenance of body weight [54]. Therefore, this factor can be
contribute to the lower adiposity observed in omnivorous. Nevertheless, the questionnair
applied aimed only to characterize the regular pattern of physical activity, and not tc
investigate in depth daily energy expenditure and its relationship with the nutritional statu:
of the adolescents.

Among ovo-lacto-vegetarian adolescents, there is a high risk of nutritional inadequacy
mainly in the girls [11,55].

Messina & Messina [18] showed that generally no differences are found in the energ
consumption of adolescents with different eating patterns. In the present research, howev
vegetarians’ energy ingestion was statistically lower than that of omnivorous, as large
percentage of vegetarians did not reach 2/3 of their requirements, similarly to verified b
others authors [35,48,56,57]. The low energy supply of vegetarians’ diet is related to th
predominance of vegetables, which usually contain large amounts of dietary fiber and a lo
lipid contents, which means low energy density [5,58]. As a matter of fact, a larger
percentage of vegetarians ate fruit and vegetables daily, while fewer ate sweets, margarir
soft drinks and chocolate, characterized by the high energy value, similar to the findings c
Neumark-Sztaineet al. [59]. Furthermore, it is believed that the underreporting food intake
could be a plausible explanation for the lower energy intakes, particularly with the vegetar
ians subjects who may have been trying to give an impression of following a healthier die
[57].

Krondl [60] found that energy intakes are closely correlated with dietary quality of protein
and micronutrients. We observed total and animal proteins ingestion to be extremely lov
among vegetarians, while 63% of omnivores met the protein recommended allowances.

The percentage of total energy intake from macronutrients and the intake of cholestert
was different between vegetarians and omnivores. Nevertheless, both groups were within tl
normal range established by WHO [40]. The dietary profile of vegetarians in the presen
study was more adequate than that described by Harman & Parnell [9] and Shultz & Lekler
[61], since these authors observed that vegetarians exceeded 30% of total energy intake
fat. In relation to dietary fiber, previous researches show that vegetarians have an extreme
low consumption, only reaching2g a day [14,48,56,62].

The ingestion of thiamin, riboflavin and ascorbic acid was similar in both groups studied,
but most vegetarians consumed statistically lower amounts of niacin than omnivores, i
contrast with the findings of Perslat al. [14], who stated that vegetarian and omnivorous
adolescents consume similar amounts of niacin, but different amount of thiamin and ribo
flavin.

Regarding calcium, none of the vegetarians reached dietary reference intakes [41
emphasizing that most of them (83%) effectively ingested very low amout2£3(of the
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recommendations). Nevertheless, omnivores’ consumption was not much different, sinc
69% of them also had very inadequate diets. This can be explained by the low percentage
adolescents who consumed calcium rich foods, such as cheese, for example, daily. It is wor
emphasizing that vegetarians as well as omnivores can be subject to a lack of calciur
because in addition to the low ingestion of this nutrient, there is an interference by one o
more of the factors which are negatively associated with its bioavailability [63]. Phytates,
oxalates and other antinutritional factors, found in vegetables, impair intestinal absorption c
calcium, while the high ingestion of sulfur amino acids, mainly present in meats, increase
its urinary excretion [63].

It was observed that a statistically higher percentage of vegetarians had diets which did n
contain the recommended dietary allowances of iron. Similar results were obtained b
Abdullaet al. [64] and Harman & Parnell [9]. In addition to the low iron ingestion, two other
factors are matters of concern in the vegetarian diet: the first one has to do with the absen
of heme iron—which has a high bioavailability; and the second one is that Adventists do no
consume fruit after their main meals. They believe that salty food must not be eaten togeth:
with sweet foods [65], thus neglecting an important source of vitamin C, which would help
in the absorption of non-heme iron in the diet. In accordance with Alexastdar [22] the
coexistence of these factors that increases the chances of iron deficiency. However, tl
prevalence of iron deficiency anemia apparently is not different between vegetarians ar
non-vegetarians [35,66].

In conclusion, this study suggests that dietary inadequacies were present among vegetar
and omnivorous adolescent girls. Although the vegetarian diets were lower in fat anc
cholesterol than the omnivorous ones, which is associated with a reduced risk of coronal
and vascular diseases, particular attention must be given to the vegetarian consumption
iron, protein, riboflavin and niacin. Information on ways to optimize intake and absorption
needs to be disseminated to vegetarians in aiming at preventing the onset and the aggravat
of nutritional problems and to allow a better life quality.
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