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Abstract

The present study examines the prevalence and characteristics of vegetarians in the Taiwanese elderly. We analysed data from the Elderly
Nutrition and Health Survey in Taiwan (1999-2000), which used a multi-staged, stratified, clustered probability sampling design. Community-
dwelling elderly (72 1071), aged 65 years and older, were included. Sociodemographic, anthropometric, lifestyle and metabolic variables,
and eating habits were obtained through household interviews and health examinations. Nutrient intake was assessed using a 24 h dietary
recall. Multivariable logistic regression analysis was performed to examine factors significantly and independently associated with veg-
etarian status and to estimate the OR of the hypertension and the metabolic syndrome (MS) for vegetarians compared with omnivores.
About 25% of the Taiwanese elderly persons were vegetarians. Systolic pressure (OR 1-01, 95% CI 1, 1-02, P=0-038), female sex (OR
5-02, 95% CI 311, 81, P<0:001), smoking status (P=0-034; current smoker (OR 0-45, 95% CI 0-24, 0-85, P=0-014)) and regular exercise
(OR 1:87,95% CI 1-37, 2:56, P<0:001) were independently associated with vegetarian status among Taiwanese elderly persons. Vegetarians
consumed significantly lower daily total energy (P<<0-001), lower cholesterol (P=0-002), a higher percentage of fat as PUFA (P=0-022),
higher Ca (P<0-001) and higher crude fibres (P=0-041) compared with omnivores. Between the two vegetarian diets, ovo- or lacto-
vegetarian diets contained more beneficial micronutrients, such as K, Ca and Mg, and higher crude fibres than vegan diets (all P<0-05).
The likelihood of having hypertension and the MS was not significantly different between vegetarians and omnivores as examined by sex-
or multivariate-adjusted logistic regression.
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According to the American Dietetic Association, a vegetarian
diet is defined as a diet that does not contain meat or seafood

D Accumulating evidence

or products containing those foods
suggests that vegetarian diets are associated with a lower rate
of CHD and hypertension in Western countries>~%. However,
the features of a vegetarian diet or a vegetarian lifestyle that
are responsible for the blood pressure (BP)-lowering effect
remain poorly understood”. Vegetarianism and religions
are strongly linked. In Taiwan, many of the followers of
vegetarianism, also known as ‘su vegetarians’, are religious
followers of Buddhism. Thus, it is likely that these vegetarians
not only adopt a vegetarian diet but also live a lifestyle that is
very different from omnivores.

‘Su vegetarians’ strictly adhere to a vegan diet and comple-
tely omit all foods of animal sources, as well as fetid veg-
etables, such as garlic and shallots. The modern ‘su
vegetarian’ diet allows dairy products and/or eggs (i.e. lacto-
vegetarians or ovo-lacto vegetarians). According to the find-
ings from the 1993-6 Nutrition and Health Survey in
Taiwan, the proportion of vegetarians in individuals whose
age was 65 years and above was sizeable; 3 and 20-1% in
male elderly and female elderly, respectively. It is thus of
interest to unveil the sociodemographic and lifestyle charac-
teristics of elderly vegetarians in Taiwan.

Taiwanese diets include rice (as the staple food),
vegetables, fruits, seafood, meat and poultry®. The only

Abbreviations: BP, blood pressure; GLM, generalised linear model; JNC, Joint National Committee; MS, metabolic syndrome.
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difference with a Taiwanese vegetarian diet is that seafood,
meat and poultry in the usual Taiwanese diet are substituted
with soyabeans and soya prOdUCtS(G). Although meal pattern
and cooking methods of Taiwanese vegetarian diets are simi-
lar to usual Taiwanese diets, Taiwanese who were on an ovo-
lacto-vegetarian diet had a better cardiovascular risk profile
(e.g. lower total cholesterol, LDL-cholesterol and C-reactive
protein levels, and higher homocysteine levels) than their
omnivore counterparts, according to a study analysing a con-
venience sample of 198 healthy adults”. In addition, Taiwa-
nese vegetarians were found to be more insulin-sensitive
than omnivores in middle-aged or young adults®”. However,
contradicting to evidence from Western countries, vegetarian
diets were not associated with hypertension status in a study
investigating factors associated with hypertension in elderly
persons in Southern Taiwan'®
demonstrated that Taiwanese elderly vegetarians had meta-

bolic characteristics that were not significantly different from
an

. Moreover, a recent study

the omnivores

In the light of the inconclusiveness of the available evidence
with respect to the beneficial effects of Taiwanese vegetarian
diets, it is important to seek evidence from a well-representative
sample. Therefore, the purpose of this population-based study
was fourfold: (1) to estimate the prevalence of different types
of vegetarians in the Taiwanese elderly population, (2) to
examine the sociodemographic, lifestyle and metabolic
characteristics of elderly vegetarians in Taiwan, (3) to deter-
mine the likelihood (i.e. OR) of hypertension for vegetarians
compared with those who are not vegetarians after adjusting
for potential confounders and (4) to determine the OR of
the metabolic syndrome (MS) for vegetarians compared with
those who are not vegetarians after adjusting for potential
confounders.

Methods
Study sample

We analysed data from the Elderly Nutrition and Health Survey
in Taiwan (1999-2000), which used a multi-staged, stratified,
clustered probability sampling design*'®. Briefly, probabil-
ities were determined based on the age—sex and residence
stratum of eligible subjects. The target population was elderly
(=065 years old) Taiwanese nationals, who were residing in
private residences in Taiwan. For the purpose of this survey,
Taiwan was divided into a total of thirteen strata according
to geographical locations. A total of thirty-nine city districts
or townships were chosen from the thirteen strata using prob-
ability proportional to size sampling. From each of the above
townships or city districts, two villages (or street blocks) were
chosen, resulting in a total of seventy-eight villages or street
blocks. The survey comprised of two parts: a household inter-
view and a health examination. A total of 3509 elderly persons
were contacted for the household interview and 1937 persons
completed the interviews, resulting in a response rate of
55:2%. A total of 4606 elderly persons were invited to attend
the health examination, and among these, 2432 persons com-
pleted the health examinations, resulting in a response rate of

52:8%. A total of 1568 persons had both interview and health
examination data. All participants provided written informed
consent.

The original study from which the information was used in
the present study had ethical approval from the Institutional
Review Board of the Academia Sinica, Taiwan.

Female respondents had a slightly lower proportion of
individuals who were =75 years old than female non-
respondents, but there was no difference in educational
levels or ancestral origins, whereas male respondents had
fewer Fukienese and Mainlanders and higher Hakka and
aboriginal people, but there was no difference in age or
education compared with male non-respondents’?. Among
them, 456 had missing data and were excluded from the
present analysis.

Variables

Vegetarians were identified from the respondents’ responses
to three household interview questions. The first question
was: ‘are you eating a vegetarian diet?” Respondents who
selected ‘yes’ as the answer to this question were referred to
as ‘vegetarians’. Because some of the Taiwanese eat vegetarian
diets 2d/month (the first and the fifteenth days of the lunar
month) and some people eat vegetarian diets only for break-
fast, those who responded ‘yes’ on the first question were
inquired about two other questions: ‘on average, how many
days in a month do you eat a vegetarian diet?” and ‘how
many meals/d do you eat a vegetarian diet” Those who ate
three vegetarian meals/d and 30d a month were defined as
‘consistent vegetarians’, whereas those who ate at least thirty
vegetarian meals a month but less than ninety meals were
referred to as ‘part-time vegetarians’. Consequently, forty-
one individuals who ate 1-29 vegetarian meals/month were
excluded from the present analysis, resulting in a final
sample of 1071 persons.

One question inquiring about the type of vegetarian diets
(vegan, lacto-vegetarian, ovo-vegetarian and ovo-lacto-
vegetarian) that the subjects ate was used to define the type
of vegetarian diets.

Sociodemographic variables that were analysed in the pre-
sent study included age (years), sex, marital status, edu-
cational level, employment status and monthly income in
1000 NT (New Taiwan dollar; approximately £22).

Anthropometric data included body height (cm), weight
(kg), BMI (kg/mz) and waist circumference (cm). Weight
was measured using the SECA 707 continuous display elec-
tronic scale (SECA Medical Scales and Measuring Systems,
Hamburg, Germany) and height was measured using the
SECA 220 height rod (SECA Medical Scales and Measuring
Systems). BMI was calculated using the formula weight (kg)/
height® (m?). Waist circumference was measured horizontally
at the level of the natural waist, which was identified as the
level of the hollow moulding of the trunk when the trunk
was concaved laterally.

Lifestyle factors included smoking, alcohol consumption
and exercise habits. These lifestyle variables were operation-

ally defined according to a published report™®. Lifetime
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consumption of pack years was used to categorise cigarette
smoking. One ‘pack-year’ corresponds to a consumption of
twenty cigarettes/d for 1 year. Subjects were categorised into
three categories: never smoked (<1 pack-year); past smoker
(=1 pack-year); current smoker (=1 pack-year). Past smokers
were those who had stopped smoking =1 month before the
interview. Alcohol consumption was defined as the weekly
consumption of beer, wine and hard liquor converted to
grams of alcohol. Alcohol consumption was divided into
two categories: no consumption and consumption of alcohol
(=8g/week). Exercise was defined as a significant physical
activity that was performed for at least 30 min/week.

BP measurements included systolic BP and diastolic BP. BP
was measured at the right arm after the subject had rested for
at least 5 min, using the Omega 1400 Non-invasive BP Monitor
(Invivo Research, Inc., Orlando, FL, USA) and cuffs of appro-
priate sizes by well-trained personnel. The subject’s arm was
placed at the heart level. A total of three measurements
were taken from each subject. If the second and third
measurements differed by more than 10mmHg, a fourth
measurement was taken. Systolic BP was defined as the aver-
age of three or four systolic BP readings. Diastolic BP was
defined as the average of three or four diastolic BP readings.

Metabolic risk profile, including fasting blood glucose, total
cholesterol, LDL-cholesterol, HDL-cholesterol, TAG, total cho-
lesterol:HDL-cholesterol, and LDL-cholesterol:HDL-cholesterol,
were also analysed.

Nutrient intake was examined using a 24h dietary recall,
which included an individual recall of types and amounts of
foods consumed within 24 h before the interview, and a cook-
ing method recall by the household cook. Flash cards for oils
and spices added to the dishes, and food piece models of
twelve Chinese food items and abstract models of size and
shapes were used to estimate portion size. The interviewers
cross-validated the recall data with other members of the
household whenever possible, to ensure the accuracy of the
nutrient intake reported by the elderly™®. Nutrient intakes
that were analysed included macronutrients (protein, carbo-
hydrates and fat) — for the percentage of energy from protein,
carbohydrates and fat — SFA, PUFA, micronutrients (Na, K, Ca
and Mg), cholesterol and fibre (dietary fibre and crude fibre).

Hypertension was defined using the Joint National Commit-
tee on Prevention, Detection, Evaluation and Treatment of
High Blood Pressure (JNC VID'> cut-off point of 140 mmHg
and above for systolic BP and/or 90 mmHg and above for dias-
tolic BP, and also if the subject was on antihypertensive
medication.

The MS was defined according to the National Cholesterol
Education Program Adult Treatment Panel III criteria®,
with modified Asian cut-offs for waist circumferences”” and
a modified cut-off for fasting glucose™® as follows: (1)
abdominal obesity (i.e. waist circumference =90cm in men
and =80cm in women), (2) hypertriacylglycerolaemia (i.e.
=1500mg/D), (3) low HDL-cholesterol (i.e. <400mg/l in
men and <500mg/l in women), (4) high BP (ie. =130/
=85mmHg) or treatment of previously diagnosed hyperten-
sion and (5) high fasting glucose (i.e. =1000mg/]) or treat-
ment of previously diagnosed type 2 diabetes. Individuals

who had any three of the above components of the MS
were defined as individuals with the MS.

Statistical analysis

Statistical analyses were performed using the Statistical Pack-
age for the Social Sciences, version 16.0 (SPSS, Inc., Chicago,
IL, USA). Continuous variables are presented as medians and
25th—75th percentiles. Categorical variables are presented as
frequencies. To reduce the effect that under-reporting of
energy might have on estimates of nutrient intakes”, the
energy-adjusted amounts of macro- and micronutrient intakes
were used. To this end, the residual method using regression
analysis was used®”. Nutrients and energy were log-trans-
formed before tested by regression. Energy-adjusted nutrient
intake was calculated as a + b, where a is the residual for a
subject from the regression model with nutrient intake as
the dependent variable and total energy intake as the inde-
pendent variable, and b is the expected nutrient intake for a
person with mean energy intake™®.

The differences in sample characteristics between veg-
etarians and omnivores were compared using the y ? test, Fish-
er’s exact test, independent ¢ test and Mann—Whitney U test.
Intakes of nutrients as well as metabolic profiles between
diet groups were compared. Because data were not normally
distributed (Kolmogorov—Smirnov test: P<<0-05), comparisons
of nutrients between groups were thus examined by the gen-
eralised linear model (GLM). Sex was adjusted in all GLM
models. Pairwise comparisons of the estimated marginal
means were made, and a P value <0:05 was considered as
statistically significant. The Bonferroni method was used to
adjust the observed significance levels for the fact that multiple
contrasts were being tested.

Multivariable logistic regression analysis was performed to
examine significant markers of vegetarian status. Logistic
regression was used to examine the risk (OR) of hypertension
and the MS, and associated 95% CI in vegetarians compared
with omnivores. Multivariable logistic regression modelling
was used to adjust all risk estimates for covariates. The signifi-
cance level was set at P<0-05.

Results

Of the 1071 respondents, 802 (74:9%) were omnivores and
269 (25-1%) were vegetarians, including forty-one (3-8 %) con-
sistent vegetarians and 228 (21:3%) part-time vegetarians.
Among men, only 81% were vegetarians, whereas 41:1% of
the women were vegetarians. Of the 269 vegetarians, eighty-
three (30-9 %) persons were vegans and 186 (69-1%) persons
were ovo-lactovegetarians (n 7), lacto-vegetarians (7 122) or
ovo-lacto-vegetarians (72 57). Because the numbers of subjects
who adopted an ovo-vegetarian or an ovo-lacto-vegetarian
diet were small, the above-mentioned three types of veg-
etarian diets were collapsed into one category (ovo- or
lacto-vegetarians).

In terms of the sex distribution between groups, 40-5% of
the omnivores were female, whereas 84-4 % of the vegetarians
were female (P<0-001). As can be seen in Table 1, among the
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Table 1. Distribution of sample characteristics according to the type of diets consumed and sex
(Median values and 25th—75th percentiles)

Men Women
Omnivores (n 477) Vegetarians (n 42) Omnivores (n 325) Vegetarians (n 227)
25th—75th 25th—-75th 25th—-75th 25th—75th
Median percentiles Median percentiles P Median percentiles Median  percentiles P
Age (years) 71 68-75 72 67-76-5 0-775* 71 67-75 71 67-76 0-269*
BMI (kg/m?) 23-3 21.2-26 229 21.3-255 0.777% 24.2 21.5-26 241 21-3-27 0-2761
Systolic pressure 132-3 119-3—-146-4 129-3 117.4-145.9  0-761% 136 121.9-153-3 139-5 125-156 0-083t
(mmHg)
Diastolic pressure 76-5 69-4—-84-1 752 67-9-79-8 0-122t 757 67-4—82 75 67.7-81-5 0-834*
(mmHg)
Waist (cm) 86-2 79-2-92-6 87-2 80-2-91-3 0-8061 815 75-4-88-5 82.3 74-6—-89-6 01771
Marital statust 0-162 0-647
Yes
n 446 42 322 226
% 93-5 100 991 99-6
No
n 31 0 3 1
% 6-5 0 0-9 0-4
Educationt 1.000 0-007
High school and below
n 418 37 315 227
% 87-6 88-1 96-9 100
College and above
n 59 5 10 0
% 124 119 31 0
Monthly income 1-000 0-112
(1000 NT)t
Below 20
n 406 36 312 224
% 851 85.7 96 98-7
Above 20
n 71 6 13 3
% 14.9 14.3 4 1.3
Employmenti} 0-364 0-539
Yes
n 61 8 21 11
% 12.8 19 6-5 4.8
No
n 416 34 304 216
% 87.2 81 93.5 95.2
Smoking groupt 0-317 0-004
Current smoker
n 180 11 17 4
% 37.7 26-2 5.2 1.8
Non-smoker
n 180 18 299 223
% 377 42.9 92 982
Past smoker
n 117 13 9 0
% 24.5 31 2.8 0
Exercise groupt 0-605 <0-001
Yes
n 258 25 134 129
% 541 59.5 41.2 56-8
No
n 219 17 191 98
% 45.9 40-5 58-8 43-2
Alcohol consumptiont 0-667 0-284
Yes
n 99 7 12 4
% 20-8 16-7 37 1.8
No
n 378 35 313 223
% 79-2 83-3 96-3 98-2

NT, New Taiwan dollars; 1000 NT = approximately £22.
*Group comparison by the Mann—Whitney U test.

1 Group comparison by the independent  test.

+ Group comparison by the x? test.
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Table 2. Nutrient intakes in subjects according to the type of diets consumed*

(Median values and 25th—75th percentiles)

Omnivores (n 802)

Vegetarians (n 269)

Median 25th—75th percentiles Median 25th—75th percentiles Pt
Nutrient intake
Energy (kJ/d) 6548-3 4807-4-9154.-8 5423-6 3928.9-7282.7 <0-001
Carbohydrates (%) 56-8 46-4-65-5 57-8 48-5-66-4 0-224
Protein (%) 16-2 13-4-19-8 16-2 12.8-20-0 0-543
Fat (%) 25-4 17-4-35-1 246 16-6-33.7 0-092
Fat as SFA (%) 28-8 23-5-33.9 27.2 21.6-32.9 1-000
Fat as PUFA (%) 29-6 22.4-38-9 329 24.2-41.9 0-022
Na (mg/d) 3867-5 2534-6009-9 3761-0 2489-5-6044-7 0-509
K (mg/d) 2074-2 1518-9-2918-9 2168-8 1609-1-3187-4 0-109
Ca (mg/d) 439-4 238-1-853-8 588-3 305-1-1088-5 <0-001
Mg (mg/d) 206-9 162-275-7 230-4 163-8—-300-6 0-106
Cholesterol (mg/d) 174-6 102-6—-289-9 1421 70-4—-245-9 0-002
Fibre (g/d)
Dietary fibre 16-7 11.2-24.7 18-8 12.5-26-1 0-103
Crude fibre 3-8 2.5-5.7 41 2.8-6-1 0-041

*Test by the generalised linear model.
1 Sex-adjusted.

male participants, omnivores and vegetarians were not signifi-
cantly different in any one of the sample characteristics. In the
female participants, vegetarians had a significantly lower level
of education (P=0-007), a lower smoking rate (P=0-004) and
a higher percentage of persons who regularly exercised
(P<0:001) compared with omnivores.

Multivariable logistic regression analysis revealed that systo-
lic pressure (OR 1-01, 95% CI 1, 1:02, P=0-038), female sex
(OR 502, 95% CI 311, 81, P<0-001), smoking status
(P=0-034; current smoker (OR 0:45, 95% CI 0-24, 0-85,
P=0:014)) and regular exercise (OR 1:87, 95% CI 1:37, 2:50,
P<0001) were independently and significantly associated
with vegetarian status, but not with age, BMI, waist circumfer-
ence, diastolic pressure, marital status, education, income,
alcohol consumption and employment status (all 7>0-05).

In terms of sex-adjusted comparisons of macro- and micro-
nutrient intakes between vegetarians and omnivores, GLM
analyses revealed that vegetarians consumed significantly
lower daily total energy (P<0:001) and cholesterol
(P=0-002), a higher percentage of fat as PUFA (P=0-022),
Ca (P<0-001) and crude fibres (P=0-041) than omnivores
(Table 2). The percentage of total energy from each key nutri-
ent was not significantly different between vegetarians and
omnivores (all P>0-05; Table 2).

As indicated by the tests for trend, in the male sample, daily
total energy (P=0031) and cholesterol intake (P=0-005)
decreased and intakes of Ca (P=0-011), Mg (P=0-022), dietary
fibres (P=0-026) and crude fibres (P=0:036) increased as the
frequency of vegetarian diets increased (Table 3). In the
female sample, daily total energy (P=0:014) and cholesterol
intake (P=0-004) decreased and intakes of fat as PUFA
(P=0-007) and Ca (P=0-012) increased, as the frequency of
vegetarian diets increased (Table 4).

The two types of vegetarian diets were then compared with
non-vegetarian diets by means of the GLM. The three diet
groups differ significantly in daily total energy intake, percen-
tage of fat as PUFA, Na, K, Ca, Mg, cholesterol and crude fibres

(all P<0-05; Table 5). Post hoc comparisons revealed that ovo-
or lacto-vegetarians and vegans consumed significantly lower
daily total energy than omnivores (P=0-005 and 0-015,
respectively). Vegan diets had a significantly higher percen-
tage of PUFA (P=0-002 and 0-023, respectively) and higher
Na content (P=0-049 and 0-021, respectively) than both ovo-
or lacto-vegetarian diets and non-vegetarian diets. Ovo- or
lacto-vegetarians consumed significantly higher K, Ca, Mg
and crude fibres than omnivores and vegans (all P<0-05;
Table 5). Ovo- or lacto-vegetarians consumed significantly
lower cholesterol than omnivores (P=0-027).

In terms of the metabolic profile, GLM analyses revealed
that vegetarians and omnivores were comparable in all meta-
bolic indicators (all P>0-05). Similarly, all metabolic factors
were not significantly different among omnivores, ovo- or
lacto-vegetarians and vegans (all P>0-05). Omnivores, part-
time vegetarians and full-time vegetarians were also compar-
able in all metabolic factors (all P>0-05).

The prevalence rates of hypertension were 54-4, 58:3 and
56-1% in omnivores, part-time vegetarians and consistent veg-
etarians, respectively. The prevalence rates of hypertension
for ovo- or lacto-vegetarians and vegans were 57-5 and 59 %,
respectively. The likelihood of hypertension was not signifi-
cantly different between vegetarians and omnivores as exam-
ined by unadjusted, sex-adjusted or multivariate-adjusted (sex,
smoking and exercise) logistic regression models (P=0-301,
0-789 and 0-877, respectively; Table 6). The likelihood of
hypertension was also comparable among consistent veg-
etarians, part-time vegetarians and omnivores, as examined
by unadjusted or sex-adjusted logistic regression models (all
P>0-05; Table 6). Similarly, the likelihood of hypertension
was not significantly different among vegans, ovo- or lacto-
vegetarians and omnivores, as examined by unadjusted or
sex-adjusted logistic regression models (all P>0-05; Table 6).

The prevalence rates of the MS were 39-4, 52-6 and 43-9% in
omnivores, part-time vegetarians and consistent vegetarians,
respectively. The prevalence rates of the MS for ovo- or
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Table 3. Intakes of nutrients among male omnivores, part-time vegetarians and consistent vegetarians

(Median values and 25th—75th percentiles)

Omnivores (n 477)

Part-time vegetarians (n 32)

Consistent vegetarians (n 10)

Median 25th—75th percentiles Median 25th—75th percentiles Median 25th—75th percentiles P
Nutrient intake
Energy (kJ/d) 72077 5361-4-9529.2 5979-5 4909-8-7934 6024.7 5373-7458-3 0-031
Carbohydrates (%) 571 47-65-5 56-5 47-1-65-4 68 59.5-74.4 0-053
Protein (%) 16-3 13-4-20-1 16-3 13.9-21.2 16-6 11-8-19:9 0-753
Fat (%) 24.9 17.6-34-6 259 17.4-34.7 16-6 11.9-21.2 0-144
Fat as SFA (%) 28-8 23.7-34 28-3 21.8-33:5 19-7 14-28 0-100
Fat as PUFA (%) 29-8 22-6-39-2 337 20-8—-39-9 37-3 16-9-44.7 0-592
Na (mg/d) 4033-4 2696-5-6194-2 3855 2858-6—-6765-3 3007-2 1610-4-4603-9 0-616
K (mg/d) 2005-9 1476-4-2814.-3 2173-3 1635-2992-3 2813-8 2066-1-3414.2 0-085
Ca (mg/d) 4231 234-1-780-2 516-8 302-3-1049-8 745 573-875 0-011
Mg (mg/d) 206-7 161.8-271-2 207-7 176-7-291-4 302-2 253-3-384 0-022
Cholesterol (mg/d) 182.3 108-5-302-4 151-8 85.3-221-8 45.4 22.6-169-7 0-005
Fibre (g/d)
Dietary fibre 16-6 11-241 20-8 10.9-24.5 291 23-1-35 0-026
Crude fibre 3.7 2-4-5.5 4.4 2.2-67 6-4 4.8-8 0-036
*Tests for trend.
lacto-vegetarians and vegans were 484 and 57-8%, respect- Discussion

ively. The unadjusted OR of the MS for vegetarians was 1-62
(CI 123, 214, P=0-001) compared with omnivores (Table
7). After controlling for sex alone, or controlling for sex, smok-
ing group and exercise group, being vegetarian did not have a
significant impact on the incidence of the MS (P=0-426 and
0-491; Table 7). Similarly, the likelihood of the MS was also
comparable among consistent vegetarians, part-time veg-
etarians and omnivores after adjusting for sex (P=0-746 and
0-311; Table 7). The likelihood of the MS was significantly
higher for both vegans (OR 2:11, CI 1-33, 3-34, P=0-001)
and ovo- or lacto-vegetarians (OR 1-44, CI 1-05, 199,
P=0-025) compared with omnivores, as examined by unad-
justed logistic regression. However, the likelihood of the MS
was not significantly different among the three types of diets
for both vegans and ovo- or lacto-vegetarians, after adjusting
for sex (P=0-115 and 0:962, respectively; Table 7).

Nearly one-quarter of the elderly in Taiwan were either part-
time or consistent vegetarians. Approximately 3-8% of the
Taiwanese elderly population described themselves as a con-
sistent follower of a vegetarian diet. Approximately two-thirds
of the vegetarians adopted ovo- or lacto-vegetarian diets.
There was a female predominance in these vegetarians.
Female sex, non-smoking habit and regular exercise were
factors independently associated with vegetarian status
among Taiwanese elderly persons.

Dietary factors have been implicated to play a prominent
role in the pathogenesis of elevated BP?. Of note, in the pre-
sent sample, over 50 % of the elderly persons had a BP level
that met the definition of hypertension. Contradicting previous
findings from research conducted in Western populations,
we found that being on vegetarian diets did not lower the
odds of JNC VII-defined hypertension among Taiwanese

Table 4. Intakes of nutrients among female omnivores, part-time vegetarians and consistent vegetarians

(Median values and 25th—75th percentiles)

Omnivores (n 325)

Part-time vegetarians (n 196)

Consistent vegetarians (n 31)

Median 25th—75th percentiles Median 25th—75th percentiles Median 25th—75th percentiles P
Nutrient intake
Energy (kJ/d) 5941 4041.1-7887-5 5326 3756-1-7418 4771 3371.4—-6479-4 0-014
Carbohydrates (%) 56-5 45.1-65-5 57-4 47-3-66-2 60-9 52.7-69-8 0-145
Protein (%) 16 13:4-19.5 164 13.1-20-3 15.7 11.4-18-6 0-928
Fat (%) 26-4 17-1-36-4 251 17-6-34.7 21-3 14.6-29.-2 0-192
Fat as SFA (%) 291 22.6-33.7 284 22.1-33-4 223 18-3-26-6 0-113
Fat as PUFA (%) 29-3 21.7-38-8 321 24.3-41-5 38-3 25-47-2 0-007
Na (mg/d) 3718-8 2449.3-5861-1 3800-9 2467-3—5941-1 3311-1 2651.2-5948-8 0-719
K (mg/d) 21231 1555-3019-5 21255 1543.3-3145-8 24227 1565.7-3747-1 0-293
Ca (mg/d) 489 247-5-953-9 576-6 264-2—-1085-6 749-2 477-5—-1458-5 0.012
Mg (mg/d) 208 162-1-280-4 223-8 157.2-287-1 2571 201-2-360-2 0-091
Cholesterol (mg/d) 163-6 96-7-267-7 148-3 85-6—259-6 24 0-152.2 0-004
Fibre (g/d)
Dietary fibre 16-8 11.3-25-4 17-3 11.7-24.3 254 16-3—-33-8 0-178
Crude fibre 3-8 2.5-6-0 4 2.7-5-8 53 3.2-7-5 0-059

*Tests for trend.
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Table 5. Intakes of nutrients among omnivores, ovo-lacto-vegetarians and vegans*
(Median values and 25th—75th percentiles)

Omnivores (n 802) Ovo-lacto-vegetarians (n 186) Vegans (n 83)

Median 25th—75th percentiles Median 25th—75th percentiles Median 25th—75th percentiles Pt Pt P§ Pl| .

Nutrient intake %
Energy (kJ/d) 6548-3 4807-4-9154.8 5452.4 3915.6-7437-3 5407-3 3918-3-7134-4 0-001 0-005 0-015 1.000 8
Carbohydrates (%) 56-8 46-4-65-5 57-3 47.7-66-2 59.-3 51-68-3 0-229 -
Protein (%) 16-2 13-4-19-8 16-4 13-6-20-2 15-3 11.6-19-7 0-773 %
Fat (%) 254 17-4-35-1 25-3 16-6-34-9 23 16-6—30-3 0-101 z
Fat as SFA (%) 288 23.5-33.9 284 21.7-34.9 26-1 20-7-30-9 0-469 °
Fat as PUFA (%) 296 22.4-38-9 314 22.7-41-2 35.7 28-3-45-3 0-003 1-000 0-002 0-023 w
Na (mg/d) 3867-5 2534-6009-9 3579-8 2307-8—-5665-3 41244 2924.3-6832-4 0-025 1-000 0-049 0-021 =

K (mg/d) 20742 1518.9-2918.-9 2361-8 1850.7-3279-2 17275 1292.7-2384-3 0-001 0-010 0-180 0-001 g
Ca (mg/d) 439-4 238-1-853-8 694-8 409-7-1186-8 305-4 200-5-649-8 <0-001 <0-001 0-481 <0-001 i
Mg (mg/d) 206-9 162-275-7 2491 183.7-311-5 191 148-7-266-4 0-003 0-017 0-465 0-005 s
Cholesterol (mg/d) 1746 102-6—289-9 151.8 81-259.2 121.9 35.5-232-1 0-008 0-027 0-063 1.000 [}
Fibre (g/d) =
Dietary fibre 16-7 11.2-24.7 19-6 13-1-27-9 16-7 11.7-22.7 0-252 5
Crude fibre 38 2.5-5.7 4.3 3-6-7 39 2.4-5.4 0-003 0-008 0-918 0-008 @

*Test by the generalised linear model.

1 Sex adjusted.

I Post hoc comparison between omnivores and ovo-lacto-vegetarians.
§ Post hoc comparison between omnivores and vegans.

|| Post hoc comparison between ovo-lacto-vegetarians and vegans.
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Table 6. Vegetarian habit in predicting hypertension*
(Odds ratios and 95 % confidence intervals)

OR 95% ClI P

Vegetarians

Unadjusted 1.16 0-88, 1-53 0-301

Sex-adjusted 1-04 0-77, 1-41 0-789

Multivariate-adjustedt 1.02 0-76, 1-39 0-877
Omnivores 1
Consistent vegetarians

Unadjusted 1.07 0-57, 2-02 0-828

Sex-adjusted 0-99 0-52, 1-87 0-965
Part-time vegetarians

Unadjusted 0-87, 1-58 0.288

Sex-adjusted 0.76, 1-45 0-752
Omnivores
Vegans

0-76, 1-92 0-416

Unadjusted 1.21
Sex-adjusted .
Ovo- or lacto-vegetarians

0-68, 1.74 0-736

Unadjusted 1-14 0-82, 1.57 0-435
Sex-adjusted 1.02 0-73, 1-44 0-893
Omnivores 1

*Test by logistic regression.
1 Controlling for sex, smoking group and exercise group.

elderly persons. This result was, however, in accordance with
the findings from a previous study of Taiwanese elderly per-
sons''”. Recommended dietary approaches to lower BP
include weight loss, reduced salt intake, increased K intake
and moderation of alcohol intake®. In addition, it has pre-
viously been suggested that BMI may in part account for the
BP-lowering effect associated with vegetarian diets’®. In the
present study, we did not reveal significant differences in
daily Na intakes between vegetarian and non-vegetarian
diets nor was BMI significantly different between the diet
groups. Surprisingly, vegans had even higher Na intakes
than non-vegetarians. These factors may explain the apparent
lack of association between vegetarian dietary habits and
hypertension.

The MS is not a disease per se. It represents a constellation
of cardiovascular and metabolic risk factors that presumably
predispose individuals to CVD and diabetes. Hence, dietary
approaches to the MS have been focused on individual risk
components. For example, low-fat, low-cholesterol diets,
such as the ‘therapeutic lifestyle changes’ diet recommended
by the National Cholesterol Education Program of the US
National Institutes of Health?®, have been suggested to
lower high blood cholesterol. Plant-based diets also have
been shown to exert lipid-lowering effects®>. However, in
the present study, we did not find significant differences in
the metabolic profile between diet groups. In addition, the
prevalence of the MS was slightly higher in vegetarians
than in omnivores. Moreover, our findings did not provide
evidence to support the beneficial effect of vegetarian diets
on lowering the odds of the National Cholesterol Education
Program Adult Treatment Panel II-defined MS. Because the
present study was cross-sectional in nature, the question of
whether vegetarian diets lack beneficial effects for hyperten-
sion or the MS remains inconclusive.

In the present study, we examined a representative Taiwa-
nese elderly sample and found that vegetarian diets were
not associated with a favourable metabolic profile. These find-
ings were contradictory to those observed in a convenience
sample of Taiwanese vegetarians”, but coincided with those
obtained from a group of elderly people in Taiwan in a
recent studyV. Interestingly enough, we found that veg-
etarian status was associated with a healthier lifestyle (e.g.
exercising regularly and not smoking). As the information
on the duration for eating a vegetarian diet in these subjects
was lacking and the study used a cross-sectional design, the
direction of influence of vegetarian diets on lifestyle habits
remains to be determined.

The features of a vegetarian diet responsible for its ben-
eficial effects, if any, remain to be studied. It has been
suggested that cardiovascular benefits of vegetarian diets
may be associated with lower dietary saturated fat, cholesterol
and animal proteins, and higher dietary fibres™. In addition,
K, Ca, Mg and dietary fibre are beneficial compounds that
could result in lower BP®?. In the present study, vegetarian
diets had higher Ca and fibres compared with non-vegetarian
diets. We also found that intakes of beneficial micronutrients
such as Ca or Mg increased, whereas cholesterol consumption
decreased as the frequency of vegetarian diets increased.
Between the two vegetarian diets, ovo- or lacto-vegetarian
diets contained more beneficial micronutrients, such as K,
Ca and Mg, and higher crude fibres than vegan diets.

The findings of the present study showed that the percen-
tage of dietary carbohydrate consumed by the elderly in
Taiwan was relatively higher than those of Western diets but
lower than those of developing countries®”. The percentage
of energy from carbohydrate was comparable between
vegetarian and non-vegetarian diets. An unfavourable effect
of dietary carbohydrate intake on lipids has been demon-
strated in cross-sectional studies®®*”. Future studies using a
Table 7. Vegetarian habit in predicting the metabolic syndrome*
(Odds ratios and 95 % confidence intervals)

OR 95% Cl P
Vegetarians
Unadjusted 1.62 1.23, 214 0-001
Sex-adjusted 113 0-84, 1.53 0-426
Multivariate-adjustedt 111 0-82, 1-51 0-491
Omnivores 1
Consistent vegetarians
Unadjusted 1.20 0-64, 2-27 0-566
Sex-adjusted 0-90 0-47,1.72 0-746
Part-time vegetarians
Unadjusted 1.71 1.27, 2-30 <0-001
Sex-adjusted 11 0-86, 1-63 0-311
Omnivores 1
Vegans
Unadjusted 2:11 1-33, 3-34 0-001
Sex-adjusted 1.47 0-91, 2:36 0-115
Ovo-lacto-vegetarians
Unadjusted 1.44 1-05, 1-99 0-025
Sex-adjusted 1-01 0-72, 1-42 0-962
Omnivores 1

*Test by logistic regression.
1 Controlling for sex, smoking group and exercise group.
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longitudinal or randomised controlled design should explore
the effect of dietary carbohydrate on lipid profiles.
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Several limitations of the present study must be addressed.
First, under-reporting of intake is one of the major threats to
the validity of dietary assessment'®*”. Because nutrient
intakes were derived from a 24 h dietary recall in the present
study, under-reporting of intake could possibly influence the
results and conclusions drawn from the results. Based
on data from the Nutrition and Health Survey in Taiwan
(1993-0), the average dietary energy consumption was
12294kJ/d®®, which was much higher than the energy
intake reported by the elderly in the present study. It is thus
likely that energy intake was under-reported in this popu-
lation. Nevertheless, we used energy-adjusted amounts of
macro- and micronutrient intakes instead of the absolute
intakes to reduce the effect that under-reporting of energy
might have on estimates of nutrient intakes. Second, due to
the moderate response rate of the Elderly Nutrition and
Health Survey in Taiwan, generalisability of the present
study may be limited. Nevertheless, respondents and
non-respondents showed only slight differences in ancestral
origins in the male sample and age distribution in the
female sample.

In conclusion, female sex and regular exercise were inde-
pendent determinants of vegetarian status among Taiwanese
elderly persons. Being on vegetarian diets neither lowered
the odds of JNC VII-defined hypertension nor did it lower
the likelihood of the National Cholesterol Education Program
Adult Treatment Panel II-defined MS among Taiwanese
elderly persons. Taiwanese elderly vegetarians consumed
lower daily total energy and higher beneficial nutrient com-
pounds such as K, Ca, Mg and fibres than their counterparts.
The present study provides insights into the characteristics
and nutrient intakes of Taiwanese elderly person who eat a
vegetarian diet.
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