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The present study was designed to examine the effects of habitual consumption of Taiwanese vegetarian diets on hormonal secretion, and on lipid

and glycaemic control. Of the ninety-eight healthy female adults recruited from Hualien, Taiwan (aged 31–45 years), forty-nine were Buddhist

lactovegetarians and forty-nine were omnivores. Dietary intakes were measured, and blood levels of nutrients and hormones were analysed. Veg-

etarians consumed less energy, fat and protein, but more fibre than the omnivores. Compared with the omnivores, the vegetarians had, on average,

lower BMI and smaller waist circumference. Except for slightly lower levels of thyroxine (T4) in vegetarians, vegetarians and omnivores both

showed similar levels of triiodothyronine (T3), free T4, thyroid-stimulating hormone, T3:T4 ratio and cortisol. Compared with the omnivores,

the vegetarians had significantly lower levels of fasting insulin (median: 35·3 v. 50·6 pmol/l) and plasma glucose (mean: 4·7 (SE 0·05) v. 4·9

(SE 0·05) mmol/l). Insulin resistance, as calculated by the homeostasis model assessment method, was significantly lower in the vegetarians

than in the omnivores (median: 1·10 v. 1·56), while b-cell function was not different between the two groups. BMI and diet were both independent

predictors for insulin resistance, and contributed 18 and 15 % of the variation in insulin resistance, respectively. In conclusion, Taiwanese veg-

etarians had lower glucose and insulin levels and higher insulin sensitivity than did the omnivores. Diet and lower BMI were partially responsible

for the high insulin sensitivity observed in young Taiwanese vegetarians.

Vegetarian diets: Thyroid hormones: Insulin: Glucagon: Insulin resistance

Both the beneficial and the adverse effects of vegetarian or
plant-based diets on human health have been studied exten-
sively during recent years. Evidence suggests that people
who consume vegetarian diets have lower risks of CHD (Thor-
ogood et al. 1994; Szeto et al. 2004), diabetes (Kawate et al.
1979; Snowdon & Phillips, 1985; Ford & Mokdad, 2001;
VanDam et al. 2002), cancer (Thorogood et al. 1994) and
other chronic diseases than meat eaters. The protective effects
of vegetarian diets are possibly due to the presence of mono-
unsaturated and polyunsaturated fatty acids, soya or vegetable
proteins, fibre, antioxidant vitamins and a variety of phyto-
chemicals (Segasothy & Phillips, 1999), which are largely
found in vegetables, fruits, whole grains, cereals, nuts,
seeds, legumes and soyabeans (Sabate, 2003).

Although some components of Western vegetarian diets
have been identified to have hypocholesterolaemic and hypo-
glycaemic effects, the mechanisms behind these effects remain
unclear. One theory proposes that such diets may induce
alterations in hormone secretion, which in turn regulate lipid
and carbohydrate metabolism and change blood lipid and glu-
cose levels. The interrelationships among diet, hormone levels
(particularly thyroid and pancreatic hormones) and blood lipid
and glucose concentrations have been studied, but are less

clear and less consistent in man than in animals (Forsythe,
1995; Persky et al. 2002; Kuo et al. 2004). For instance, veg-
etarian diets – specifically their soya and vegetable proteins –
have been shown to decrease insulin and increase glucagon
levels in some studies (McCarty, 1999; Kuo et al. 2004),
but to have no effect on these pancreatic hormones or cortisol
concentrations in others (Persky et al. 2002). Elevated plasma
thyroxine (T4) level could be one mechanism responsible for
the hypocholesterolaemic effects of soya protein in animals.
However, the effects of soya proteins on levels of T4, free
T4, triiodothyronine (T3) and thyroid-stimulating hormone
(TSH) are contradictory as reported in hypercholesterolaemic
or diabetic patients (Ham et al. 1993; Jayagopal et al. 2002;
Persky et al. 2002). Interestingly, Poehlman et al. (1988)
found slightly but not significantly lower postprandial T3

levels in vegetarians than in non-vegetarians.
Unlike Western vegetarian diets, which consist mainly of

vegetables, fruits, seeds, nuts, dairy products and eggs, a typi-
cal Taiwanese vegetarian diet includes mainly rice, grains,
vegetables, fruits and significant amounts of soyabeans and
soya products. We have recently reported that Taiwanese
vegans or lactovegetarians have lower BMI, blood pressure,
fasting plasma triacylglycerol, total and LDL-cholesterol
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levels, and LDL oxidizability than matched omnivores (Lu
et al. 2000; Hung et al. 2002). However, it is not yet known
whether the Taiwanese vegetarian diets have the same ben-
eficial effect on disease prevention as do Western vegetarian
diets, or whether the Taiwanese vegetarian diets’ beneficial
effects on lipid and glycaemic control are hormonally
mediated. Therefore, the present study was designed to exam-
ine the effects of Taiwanese vegetarian diets on hormone
levels and its possible connection to hypolipidaemic and hypo-
glycaemic effects observed in our vegetarian subjects (Lu et al.
2000; Hung et al. 2002). Furthermore, the prevalence of dia-
betes in Taiwan has increased drastically from 4·9 to 9·2 %
between 1985 and 1996 (Chang et al. 2000; Chou et al.
2001), which makes diabetes and CVD the leading causes of
death in Taiwan. Thus, the present study may provide suppor-
tive evidence for future studies on the protective potential of
Taiwanese vegetarian diets on disease prevention.

Subjects and methods

Subjects

A total of ninety-eight female subjects (forty-nine vegetarians,
forty-nine age-matched omnivores) were recruited from Hua-
lien, a city in eastern Taiwan. These subjects were initially
recruited for an investigation of the effect of Taiwanese veg-
etarian diets on risk factors for heart disease (Lu et al. 2000;
Hung et al. 2002). The majority of the vegetarians were Tzu-
Chi Buddhist nuns; the omnivorous control subjects were
mostly employees of local hospitals in Hualien. To be
included in the present study, participants had to fulfil the fol-
lowing criteria: (i) aged between 31 and 45 years; (ii) preme-
nopausal; (iii) within 120 % of ideal body weight; (iv) no
history of chronic disease (heart disease, diabetes mellitus,
cancer, hypertension, renal disease); (v) no alcohol intake
and no cigarette smoking. About 147 potential subjects were
re-screened to find the ninety-eight who completed the
study. Among the vegetarians, seven were vegans and forty-
two were lactovegetarians who ingested less than 240 ml
low-fat or skimmed milk daily. The average history of veg-
etarian practice was 8 years with a minimum of 2 years.
The study protocol was approved by the National Health
Research Institute, Taiwan, and was explained to the subjects
before they gave their informed consent.

Dietary and clinical assessments

The dietary intake for both groups of subjects was assessed
using a 24 h recall method, supplemented with a semi-quanti-
tative food-frequency questionnaire. Nutrient data were calcu-
lated using a database for Taiwan food composition
(Department of Health, 1998). After an overnight fast of
10–11 h, anthropometric measurements were performed on
each subject, and blood samples were collected. Plasma and
serum were used for routine biochemical assays and measure-
ments of nutrients and hormones.

Laboratory measurements

Fasting plasma glucose was determined by the glucose oxi-
dase method using a Monarch Chemistry 2000 Autoanalyzer

(Instrumentation Laboratory, Oakbrook Terrace, IL, USA).
Serum insulin concentration was determined by RIA (Ho
et al. 1983). Glucagon levels were assayed by RIA using the
DPC double-antibody glucagon kit (Diagnostic Products Cor-
poration, Los Angeles, CA, USA). Serum concentrations of
T3, T4, free T4, TSH and cortisol were measured by chemilu-
minescent enzyme immunoassay using an Immulite automated
analyser (Diagnostic Products Corporation; Bason, 1991).

Insulin sensitivity indices

Insulin sensitivity and b-cell function in the subjects were
established via the homeostasis model assessment (HOMA)
method developed by Matthews et al. (1985), in which fasting
serum insulin (FI, mU/ml) and fasting plasma glucose (FG,
mmol/l) are used:

HOMA–insulin resistance ðHOMA-IRÞ ¼ FI £ FG=22·5

and

b-cell function ð%Þ ¼ 20 £ FI=ðFG 2 3·5Þ:

Low HOMA-IR indicates high insulin sensitivity.

Statistical analyses

Data were analysed using SAS Release 8·2 for Windows (SAS
Institute, Cary, NC, USA). Results are summarized as means
with their standard errors unless otherwise stated. The Ander-
son–Darling test was performed to determine the normality of
the measurements. For normal data, mean differences between
vegetarians and omnivores were compared using Student’s t
test. For non-normal data, in addition to means and standard
errors, median values were calculated and are presented in
parentheses in tables. The Mann–Whitney test, a non-para-
metric procedure, was conducted to compare the median
values between the two dietary groups. Pearson’s correlation
coefficient was used to estimate the relationship between
HOMA-IR or b-cell function and other continuous variables.
Multiple regression analysis was used to determine the inde-
pendent predictors of HOMA-IR and b-cell function. The
levels of insulin resistance and b-cell function were positively
skewed and were log-transformed in the correlation analysis
and the multiple regression analysis. All P values were calcu-
lated on the basis of two-sided tests. The significance level for
each test was set at P,0·01, instead of 0·05, to adjust for the
greater number of tests performed.

Results

Subject characteristics and daily dietary intake data are given
in Table 1. Compared with the omnivores of similar age, the
vegetarians had similar mean height, waist:hip ratio (WHR)
and hip circumference, but had significantly lower mean
weight and waist circumference (WC). BMI was relatively
lower in the vegetarians than in the omnivores (P¼0·025).
Energy intake was slightly less in vegetarians, but the energy:
weight ratio was not different between the two groups. As
shown in Table 1, vegetarians consumed less protein, fat
and saturated fat, but more fibre than the omnivores. The
daily intakes of unsaturated fat (sum of the intakes of oleate,
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linoleate and linolenate) and total carbohydrates were similar
in both diet groups.

As shown in Table 2, vegetarians had significantly lower
fasting serum insulin and plasma glucose levels than did the
omnivores. Insulin:glucagon ratio and HOMA-IR were also
significantly lower in vegetarians compared with the omni-
vores. However, there were no differences in fasting glucagon
concentrations and b-cell function between the two dietary
groups. Table 3 summarizes the serum concentrations of thyr-
oid hormones and cortisol in vegetarians and omnivores. Veg-
etarian diets had no effects on serum T3, free T4, TSH levels
or T3:T4 ratio, but led to a small decrease in T4 concentration
among the vegetarians.

For each of the two dietary groups, Pearson’s correlations
were calculated for BMI, WC and WHR with each of the
following variables: plasma glucose, serum insulin, insulin:
glucagon ratio, HOMA-IR and b-cell function (Table 4).

For both vegetarians and omnivores, BMI was found to corre-
late positively with serum insulin (rveg 0·413; romni 0·323) and
with HOMA-IR (rveg 0·395; romni 0·345). A significant posi-
tive correlation between BMI and insulin:glucagon ratio was
found only in omnivores (r 0·337). b-Cell function was not
significantly correlated with BMI, WC or WHR in either diet-
ary group. The pattern of correlations between BMI and the
variables described earlier was essentially similar to the pat-
tern of correlations between these variables and WC for
both dietary groups. However, there were no statistically sig-
nificant correlations found between these variables and WHR
in either vegetarians or omnivores (data not shown).

Table 5 shows that the percentage increase in HOMA-IR
associated with a one-unit increase in BMI is 7 (i.e.
e0·065 2 1), while adjusting for type of diet in the regression
analysis. As for the effect of diet, the insulin resistance of veg-
etarians was 30 % (i.e. e20·372 2 1), significantly lower than

Table 2. Fasting serum insulin, glucagon, plasma glucose levels, and indices of insulin sensitivity
and b-cell function in vegetarians and omnivores*

(Mean values with their standard errors)

Vegetarians (n 49) Omnivores (n 49)

Variable Mean Median SE Mean Median SE P

Insulin (pmol/l) 37·2 35·3 1·81 56·6 50·6 3·67 ,0·001
Glucagon (ng/l)† 105·4 3·63 109·1 4·22 0·507
Insulin:glucagon† 0·37 0·36 0·02 0·56 0·49 0·05 ,0·001
Glucose (mmol/l) 4·7 0·05 4·9 0·05 ,0·001
HOMA-IR 1·09 1·10 0·06 1·73 1·56 0·11 ,0·001
b-Cell function (%) 94·1 84·5 6·41 118·0 100·2 11·47 0·062

HOMA-IR, homeostasis model assessment–insulin resistance.
* Student’s t test and the Mann–Whitney test were used respectively for normal and non-normal data, where

medians are also shown.
† Subject number: forty vegetarians, thirty-six omnivores.
For details of subjects and procedures, see p. 131.

Table 1. Characteristics and daily dietary intakes of vegetarians and omnivores*

(Mean values with their standard errors)

Vegetarians (n 49) Omnivores (n 49)

Variable Mean Median SE Mean Median SE P

Characteristic
Age (years) 36·6 0·58 36·9 0·64 0·688
Height (cm) 156·9 0·89 158·7 0·70 0·115
Weight (kg) 51·5 0·90 55·4 0·85 0·002
BMI (kg/m2) 20·9 0·35 22·0 0·33 0·025
WC (cm) 64·2 0·70 66·9 0·67 0·007
Hip circumference (cm) 89·2 0·77 91·3 0·73 0·048
WHR 0·72 0·005 0·73 0·005 0·097

Dietary intakes
Energy intake (kJ) 6425 255·3 7122 237·2 0·048
Energy:weight (kJ/kg) 126·7 5·62 129·9 4·86 0·667
Carbohydrates (g) 252·9 10·14 247·7 9·98 0·715
Protein (g) 46·8 2·23 64·5 3·17 ,0·001
Fibre (g) 6·57 5·86 0·50 4·27 3·66 0·45 ,0·001
Fat (g) 38·7 2·65 49·9 2·48 0·003
Saturated fat (g) 8·34 6·78 0·92 16·21 14·69 1·10 ,0·001
Unsaturated fat (g)† 27·2 26·4 1·98 32·1 29·0 1·87 0·060

WC, waist circumference; WHR, waist:hip ratio.
* Student’s t test and the Mann–Whitney test were used respectively for normal and non-normal data, where medians are also shown.
† Unsaturated fat is calculated as the sum of daily intakes of oleate, linoleate and linolenate.
For details of subjects and procedures, see p. 131.
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that of omnivores when BMI was held constant. The incre-
mental coefficients of determination (DR 2) indicated that
BMI alone can explain 18 % of the variation in insulin resist-
ance, and that diet increased the percentage of explained vari-
ation by 15 from 18 to 33 %. The percentage increase in b-cell
function associated with a one-unit increase in BMI was 4,
while controlling for the effect of diet in the regression
model. Although the dietary effect on b-cell function was
not significant in the analysis, the b-cell function of veg-
etarians was estimated to be 12 % lower than that of omni-
vores, when BMI was held constant. The incremental
coefficients of determination indicate that BMI alone could
account for 7 % of the variation in b-cell function, and that
diet increased the percentage of accounted variance by
merely 2.

Discussion

One important finding in the present study is that Taiwanese
vegetarians had significantly lower fasting glucose and insulin
levels, and lower insulin:glucagon ratio, than did the omni-
vores. It is known that insulin levels and insulin:glucagon
ratio are positively correlated with serum cholesterol levels
(Sanchez et al. 1988; Sanchez & Hubbard, 1991). The insulin:
glucagon ratio is also sensitive to the plasma amino acid levels
that are affected by dietary proteins. Several studies (Sanchez
et al. 1983; McCarty, 1999) and our previous report (Hung
et al. 2002) have demonstrated reduced levels of lysine, leu-
cine, valine and phenylalanine, all of which stimulate insulin
release, in people who consume a vegetarian diet or diet
rich in soya protein. Taken together, our data seem to support

Table 3. Serum levels of thyroid hormones and cortisol in vegetarians and omnivores*

(Mean values with their standard errors)

Vegetarians (n 49) Omnivores (n 49)

Hormone Mean Median SE Mean Median SE P

T3 (nmol/l) 1·6 1·61 0·04 1·7 1·64 0·04 0·157
T4 (nmol/l) 101·5 2·47 108·9 2·56 0·042
T3:T4 0·017 0·016 0·001 0·016 0·016 0·000 0·594
Free T4 (pmol/l) 15·3 0·48 15·1 0·40 0·828
TSH (mU/l) 1·1 0·07 1·3 0·09 0·096
Cortisol (nmol/l) 267·4 262·1 14·36 295·9 255·2 19·14 0·516

T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone.
* Student’s t test and the Mann–Whitney test were used respectively for normal and non-normal data, where medians

are also shown.
For details of subjects and procedures, see p. 131.

Table 4. Correlations of log-transformed plasma glucose, serum insulin, insulin:glucagon ratio, homeo-
stasis model assessment–insulin resistance (HOMA-IR) and b-cell function with BMI and waist circum-
ference (WC) in vegetarians (n 49) and omnivores (n 49)

BMI WC

Variable Vegetarians Omnivores Vegetarians Omnivores

Plasma glucose 0·082 0·178 0·055 0·236
Serum insulin 0·413** 0·323* 0·353* 0·362*
Insulin:glucagon† 0·258 0·337* 0·224 0·350*
HOMA-IR 0·395** 0·345* 0·335* 0·392**
b-Cell function 0·262 0·206 0·260 0·197

Significance of Pearson’s correlation coefficients: *P,0·05, **P,0·01.
† Subject number: forty vegetarians, thirty-six omnivores.
For details of subjects and procedures, see p. 131.

Table 5. Multiple regression analysis of log-transformed homeostasis model assessment–insulin resistance (HOMA-IR) and b-cell func-
tion using diet and BMI as independent predictors

Variable Regressioncoefficient (b) SE P Exponential regression coefficient (eb) DR 2

HOMA-IR (n 98)
BMI 0·065 0·017 ,0·001 1·07 0·179
Diet: vegetarian v. omnivore 20·372 0·081 ,0·001 0·70 0·149

b-Cell function (n 98)
BMI 0·043 0·019 0·023 1·04 0·070
Diet: vegetarian v. omnivore 20·132 0·091 0·151 0·88 0·020
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an interrelationship between Taiwanese vegetarian diet,
reduced insulin level and insulin:glucagon ratio, and decreased
blood cholesterol concentration.

Insulin resistance is a fundamental abnormality in the
pathogenesis of type 2 diabetes (Shen et al. 1988; Li et al.
2003) and in the development of atherosclerotic CVD
(Reaven, 1988). In the present study, a significantly lower
insulin resistance, or higher insulin sensitivity, was found in
our young vegetarians than in the omnivores. These results
are similar to those reported recently in a study of older
(.50 years old) Chinese male and female ovo-lactovegetar-
ians in Taiwan (Kuo et al. 2004). In our study, insulin resist-
ance was evaluated by two reliable methods for
normoglycaemic subjects, namely HOMA-IR and fasting insu-
lin level (Monzillo & Hamdy, 2003). The values obtained
from these two methods were well correlated with one another
in either dietary group and in the combined group. Log-trans-
formed HOMA-IR was highly correlated with fasting insulin
levels (r 0·99, n 98). Although the range reported for
HOMA-IR in normal subjects varies (Yeni-Komshian et al.
2000; Ascaso et al. 2001; Kuo et al. 2004), our median
values of HOMA-IR were 1·10 and 1·56 for the vegetarians
and the omnivores, respectively, which are very close to
1·21–1·45, the original values reported for normal subjects
by Matthews et al. (1985).

It is well recognized that obesity is strongly associated with
insulin resistance in normal and diabetic patients (Ludvik et al.
1995; Lemieux et al. 1996). Overweight and obesity are com-
monly determined by the measurement of BMI, WC or WHR.
However, it has been shown that BMI and WC are better pre-
dictors for CVD (Poulio et al. 1994; Zhu et al. 2002) and
better indicators of risk of diabetes (Chan et al. 1994; Kuo
et al. 2002) than WHR. This notion was confirmed by our
findings that BMI and WC, but not WHR, were correlated
with the two insulin resistance indices tested (Table 4). Suit-
able cut-off points of WC for the risk of heart disease or dia-
betes were recently suggested to be 85 cm for Chinese adult
men and 80 cm for Chinese adult women (Li et al. 2002).

In contrast to the Western world, the majority of patients
with type 2 diabetes in Taiwan are non-obese; nevertheless,
insulin resistance exists in both obese and non-obese diabetic
patients in Taiwan (Shen et al. 1988). The multiple regression
analysis revealed that both BMI and diet were independent
predictors of HOMA-IR. As shown in Table 5, BMI and
diet contributed 18 and 15 % of the variation in insulin resist-
ance, respectively. When BMI was held constant, the insulin
resistance of vegetarians was 30 % lower than that of omni-
vores. These data clearly indicate that both the Taiwanese veg-
etarian diet and the lower BMI of the vegetarians play
important roles in lowering insulin resistance, which may con-
sequently reduce the risk of type 2 diabetes in these non-obese
Taiwanese young adults.

Unlike insulin resistance, the HOMA b-cell function – an
index of insulin secretion – was not significantly different
between the two diet groups, and could not be predicted by
diet (Table 5). These findings suggest that the lower fasting
glucose level observed in the vegetarians resulted from the
higher insulin sensitivities in this group than in the omnivores.

Elevated plasma T4 level has been suggested to be respon-
sible for the hypocholesterolaemic effects of soya protein in
animals (Scholz-Ahrens et al. 1990; Forsythe, 1995) and in

some human subjects (Ham et al. 1993; Persky et al. 2002).
However, in the present study, habitual consumption of Tai-
wanese vegetarian diets did not alter thyroid function,
except to cause a small decrease in total T4 levels as compared
with the omnivores. This suggests that the lower cholesterol
levels previously observed in our vegetarians (Lu et al.
2000; Hung et al. 2002) may not have been caused solely
by the soya protein content in the diets, but was rather due
to the combined effects of various food components in the
diet on cholesterol levels. Furthermore, the mechanism
behind the hypolipidaemic effect of Taiwanese vegetarian
diets is probably via pathways on insulin secretion as dis-
cussed earlier, rather than via effects on T4.

It is not clear why T4 levels were lower in the vegetarians
than in the omnivores. Apparently, it is not due to the lower
body weight of the vegetarians since body weight has been
shown to correlate positively with serum T3, but not with T4

(Bray et al. 1976). Although decreased T4 levels could
result from abnormal thyroid function, malnutrition or
increased glucocorticoid concentration, there were no signs
of malnutrition in our subjects, and they all had normal
levels of cortisol, T3, T4, free T4 and TSH.

Dietary factors, such as macro- and micronutrients in the
diet, are known to influence insulin sensitivity. A diet contain-
ing high levels of fat or saturated fat, high n-6:n-3 ratio or high
levels of mono- and disaccharide carbohydrates tend to
decrease insulin sensitivity (Daly et al. 1997; Storlien et al.
2000), while a diet rich in mono- or polyunsaturated fat or
fibre may increase insulin sensitivity in normoglycaemic sub-
jects (Fukagawa et al. 1990; Storlien et al. 2000). As Table 1
shows, the Taiwanese vegetarian diet is not only low in fat and
saturated fat, it is also high in fibre. These characteristics of
the diet may be partially responsible for the higher insulin sen-
sitivity observed in Taiwanese vegetarians as compared with
the omnivores. Micronutrients, including Mg, Cr, V, Zn, Cu
and antioxidant vitamins C and E, have also been shown to
change insulin sensitivity by affecting insulin synthesis,
release and action (Anderson, 2000). These micronutrients
are rich in plant-based diets. We did not measure contents
of these trace minerals of the diets in the present study; how-
ever, intakes of vitamin C and E were not significantly differ-
ent between the two groups as previously reported (Lu et al.
2000).

In addition to the macro- and micronutrients, a plant-based
diet containing vegetables, fruits, nuts, soya products and
whole grains also provides a variety of phytochemicals. The
additive and synergistic effects of these phytochemicals
were reported to have anti-cancer, anti-heart disease activities
(Heber, 2004). However, separate studies are required to
examine the effects of the phytochemicals on hormone metab-
olism and disease prevention.

The potential of a purely vegetarian diet or an increased
consumption of plant foods to reduce the risks of type 2 dia-
betes and CVD has been examined and supported by a number
of long-term cohort studies conducted in Western countries
(Snowdon & Phillips, 1985; Ford & Mokdad, 2001; vanDam
et al. 2002). Our data clearly indicate that Taiwanese vegan
and lactovegetarian diets also have effects on lowering insulin
resistance and may also have potential effects in reducing the
risk of type 2 diabetes in our healthy young adults. Positive
effects of plant foods in the treatment of diabetes have also
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been reported. A diet high in carbohydrates and fibre but low
in fat has been shown to lead to improved blood sugar, choles-
terol and triacylglycerol levels (Barnard et al. 1983) and, in
some cases, to reductions in insulin and oral hypoglycaemic
agent used in type 2 diabetic patients (Nicholson et al.
1999; Jenkins et al. 2003).

Taiwanese vegetarian diets consist mainly of rice, grains,
vegetables, fruits, a significant amount of soyabeans and
many varieties of soyabean products. This makes the Taiwa-
nese dietary pattern different from Western vegetarian diets,
which contain more nuts, seeds, dairy products and eggs.
Analysis of our diets reveals that the daily protein intake of
Taiwanese vegetarians, 47 g/d or 0·91 g/kg, is higher than
the Dietary Reference Intake in both Taiwan and the USA
of 0·9 and 0·8 g/kg, respectively. The higher protein consump-
tion is probably a direct result of the high levels of soya and
vegetable proteins, as well as the small amount of milk con-
tained in the diet. Our omnivores consume 64·5 g protein/d
or 1·16 g protein/kg, which is acceptable for that age group.
The energy sources of both vegetarian and omnivorous diets
may be compared as follows. Protein, total fat, saturated fat
and polyunsaturated fat for the vegetarian diet, as a percentage
of energy, are 12·2, 22·7, 4·9 and 11·5, respectively; and for
the omnivorous diet are 15·2, 26·4, 8·6 and 9·5, respectively.
Although there are obvious differences between the two
groups, the percentage energy from total fat in both (22·7
and 26·4) is within the international nutritional recommen-
dation of 20–30 for women; the percentage energy from satu-
rated fat (4·9 and 8·6) also fits the recommendation of ,10.
The percentage energy from polyunsaturated fat (11·5 and
9·5) is close to the international recommendation of 6–10,
but the vegetarians’ intake is slightly higher. The polyunsatu-
rated fat:saturated fat ratio is 1·1 in omnivorous diets and 2·3
in vegetarian diets, which is higher than the value of 1·0–1·7
reported in Western vegetarian diets (Sacks et al. 1985;
Draper et al. 1993).

Based on the main components of Taiwanese vegetarian
diets and their known effects on reducing lipids, blood glucose
and other risk factors related to CVD and diabetes, Taiwanese
vegetarian diets have promising potential benefits for the pre-
vention and treatment of diabetes and CVD. This possibility
must be explored further in non-diabetic and diabetic patients
in Taiwan.

In conclusion, our data suggest that Taiwanese vegetarian
diets consumed by healthy young female vegetarians signifi-
cantly lower levels of fasting plasma glucose and serum insu-
lin, and significantly decrease HOMA-IR. Thus, the
Taiwanese vegetarian diet may have significant clinical impli-
cations, as future studies may demonstrate its potential not
only to prevent but also to treat type 2 diabetes and its
complications.

Acknowledgements

This research was supported by grants from National Health
Research Institute, Taiwan (DOH 85 86-HR-527 to P.-C. H.)
and from Tzu-Chi University, Taiwan (TCMRC 8601 to H.-
F. C.) The authors are grateful to the Tzu-Chi Buddhist nuns
and the control subjects who participated in this study. We
also thank Alice Wang for editorial assistance.

References

Anderson RA (2000) Role of dietary factors: micronutrients. Nutr Rev

58, S10–S11.

Ascaso JF, Romero P, Real JT, Priego A, Valdecabres C & Carmena

R (2001) Insulin resistance quantification by fasting insulin plasma

values and HOMA index in a non-diabetic population. Med Clin

(Barc) 117, 530–533.

Barnard RJ, Massey MR, Cherny S, O’Brien LT & Pritikin N (1983)

Long-term use of a high-complex-carbohydrate, high-fiber, low-fat

diet and exercise in the treatment of NIDDM patients. Diabetes

Care 6, 268–273.

Bason AL (1991) The immulite automated immunoassay system.

J Clin Immunoassay 14, 83–88.

Bray GA, Fisher DA & Chopra IJ (1976) Relation of thyroid hor-

mones to body-weight. Lancet 1, 1206–1208.

Chan JM, Rimm EB, Colditz GA, Stampfer MJ & Willett W (1994)

Obesity, fat distribution, and weight gain as risk factors for clinical

diabetes in men. Diabetes Care 17, 961–969.

Chang C, Lu F, Yang YC, Wu JS, Wu TJ, Chen MS, Chuan LM &

Tai TY (2000) Epidemiologic study of type 2 diabetes in

Taiwan. Diabetes Res Clin Pract 50, Suppl. 2, S49–S59.

Chou P, Li CL & Tsai ST (2001) Epidemiology of type 2 diabetes in

Taiwan. Diabetes Res Clin Pract 54, Suppl. 1, S29–S35.

Daly ME, Vale C, Walker M, Alberti KG & Mathers JC (1997) Diet-

ary carbohydrates and insulin sensitivity: a review of the evidence

and clinical implications. Am J Clin Nutr 66, 1072–1085.

Department of Health (1998) Taiwan Nutrient Databases. Taipei,

Taiwan: Department of Health, Executive Yuan.

Draper A, Lewis J, Malhotra N & Wheeler TLE (1993) The energy

and nutrient intakes of different types of vegetarian: a case for sup-

plements?" Br J Nutr 69, 3–19.

Ford ES & Mokdad AH (2001) Fruit and vegetable consumption and

diabetes mellitus incidence among US adults. Prev Med 32, 33–39.

Forsythe WA III (1995) Soy protein, thyroid regulation and choles-

terol. J Nutr 125, Suppl., 619S–623S.

Fukagawa NK, Anderson JW, Hageman G, Young VR & Minaker KL

(1990) High-carbohydrate, high-fiber diets increase peripheral

insulin sensitivity in healthy young and old adults. Am J Clin

Nutr 52, 524–528.

Ham JO, Chapman KM, Essex-Sorlie D, Bakhit RM, Prabhudesai M,

Winter L, Edman JW Jr & Potter SM (1993) Endocrinological

response to soy protein and fiber in mildly hypercholesterolemic

men. Nutr Res 13, 873–884.

Heber D (2004) Vegetables, fruits and phytoestrogens in the preven-

tion of diseases. J Postgrad Med 50, 145–149.

Ho LT, Chang BY, Lin SH, Lu ZA, Lin WH, Huang MH, Hsiao LL,

Hung SH & Chou CK (1983) Development and validation of a new

radioimmunoassay of insulin semi-synthetic human tracer. Proc

Natl Sci Counc ROC 7, 9–15.

Hung CJ, Huang PO, Lu SC, Li YH, Huang HB, Lin BF, Chang SJ &

Chou HF (2002) Plasma homocysteine levels in Taiwanese veg-

etarians are higher than those of omnivores. J Nutr 132, 152–158.

Jayagopal V, Albertazzi P, Kilpatrick ES, Howarth EM, Jennings PE,

Hepburn DA & Atkin SL (2002) Beneficial effects of soy phytoes-

trogen intake in postmenopausal women with type 2 diabetes. Dia-

betes Care 25, 1709–1714.

Jenkins DJA, Kendall CWC, Marchi A, Jenkins AL, Augustin LSA,

Ludwig DS, Barnard ND & Anderson JW (2003) Type 2

diabetes and the vegetarian diet. Am J Clin Nutr 78, Suppl.,

610S–616S.

Kawate R, Yamakido M, Nishimoto Y, Bennett PH, Hamman RF &

Knowler WC (1979) Diabetes mellitus and its vascular compli-

cations in Japanese migrants on the Island of Hawaii. Diabetes

Care 2, 161–170.

Kuo CS, Hwu CM, Chiang SC, Hsiao LC, Weih MJ, Kao WY, Lee

SH, Kwok CF & Ho LT (2002) Waist circumference predicts

C.-J. Hung et al.134

https://doi.org/10.1079/BJN
20051588  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN20051588


insulin resistance in offspring of diabetic patients. Diabetes Nutr

Metab 15, 101–108.

Kuo CS, Lai NS, Ho LT & Lin CL (2004) Insulin sensitivity in Chi-

nese ovo-lactovegetarians compared with omnivores. Eur J Clin

Nutr 58, 312–316.

Lemieux S, Prud’homme D, Bouchard C, Tremblay A & Despres JP

(1996) A single threshold value of waist girth identifies normal-

weight and overweight subjects with excess visceral adipose

tissue. Am J Clin Nutr 64, 685–693.

Li CL, Tsai ST & Chou P (2003) Relative role of insulin resistance

and b-cell dysfunction in the progression to type 2 diabetes -

The Kinmen study. Diabetes Res Clin Pract 59, 225–232.

Li G, Chen X, Jang Y, Wang J, Xing X, Yang W & Hu Y (2002)

Obesity, coronary heart disease risk factors and diabetes in Chi-

nese: an approach to the criteria of obesity in the Chinese popu-

lation. Obes Rev 3, 167–172.

Lu SC, Wu WH, Lee CA, Chou HF, Lee HR & Huang PO (2000)

LDL of Taiwanese vegetarians are less oxidizable than those of

omnivores. J Nutr 130, 1591–1596.

Ludvik B, Nolan JJ, Baloga J, Sacks D & Olefsky J (1995) Effect of

obesity on insulin resistance in normal subjects and patients with

NIDDM. Diabetes 44, 1121–1125.

McCarty MF (1999) Vegan proteins may reduce risk of cancer, obes-

ity, and cardiovascular disease by promoting increased glucagon

activity. Med Hypotheses 53, 459–485.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF &

Turner RC (1985) Homeostasis model assessment: insulin resist-

ance and b-cell function from fasting plasma glucose and insulin

concentrations in man. Diabetologia 28, 412–419.

Monzillo LU & Hamdy O (2003) Evaluation of insulin sensitivity in

clinical practice and in research settings. Nutr Rev 61, 397–412.

Nicholson AS, Sklar M, Barnard ND, Gore S, Sullivan R &

Browning S (1999) Toward improved management of NIDDM: a

randomized controlled, pilot intervention using a low fat,

vegetarian diet. Prev Med 29, 87–91.

Persky VW, Turyk ME, Wang L, Freels S, Chatterton R Jr, Barnes S,

Erdman J Jr, Sepkovic DW, Bradlow HL & Potter S (2002) Effect

of soy protein on endogenous hormones in postmenopausal

women. Am J Clin Nutr 75, 145–153.

Poehlman ET, Arciero PJ, Melby CL & Badylak SF (1988) Resting

metabolic rate and postprandial thermogenesis in vegetarians and

nonvegetarians. Am J Clin Nutr 48, 209–213.

Poulio MC, Despres JP, Lemieux S, Moorjani S, Bouchard C, Trem-

blay A, Nadeau A & Lupien PJ (1994) Waist circumference and

abdominal sagittal diameter: best simple anthropometric indexes

of abdominal visceral adipose tissue accumulation and related car-

diovascular risk in men and women. Am J Cardiol 73, 460–468.

Reaven GM (1988) Role of insulin resistance in human disease. Dia-

betes 37, 1595–1607.

Sabate J (2003) The contribution of vegetarian diets to health and dis-

ease: a paradigm shift? Am J Clin Nutr 78, Suppl., 502S–507S.

Sacks FM, Ornish D, Rosner B, McLanahan S, Castelli WP & Kass

EH (1985) Plasma lipoprotein levels in vegetarians. J Am Med

Assoc 254, 1337–1341.

Sanchez A, Horning MC & Wingeleth DC (1983) Plasma amino acids

in humans fed plant proteins. Nutr Rep Int 28, 497–507.

Sanchez A & Hubbard RW (1991) Plasma amino acids and the insu-

lin/glucagon ratio as an explanation for the dietary protein modu-

lation of atherosclerosis. Med Hypotheses 35, 324–329.

Sanchez A, Hubbard RW, Smit E & Hilton GF (1988) Testing a

mechanism of control in human cholesterol metabolism: relation

of arginine and glycine to insulin and glucagon. Atherosclerosis

71, 87–92.

Scholz-Ahrens KE, Hagemeister H, Unshelm J, Agergaard N & Barth

CA (1990) Response of hormones modulating plasma cholesterol

to dietary casein or soy protein in minipigs. J Nutr 120,

1387–1392.

Segasothy M & Phillips PA (1999) Vegetarian diet: panacea for

modern lifestyle diseases? Q J Med 92, 531–544.

Shen DC, Kao SW, Shian LR, Fuh MT, Wu DA, Chen YDI & Reaven

GM (1988) Insulin secretion and insulin action in Taiwanese with

type 2 diabetes. Diabetes Res Clin Pract 4, 289–293.

Snowdon DA & Phillips RL (1985) Does a vegetarian diet reduce the

occurrence of diabetes? Am J Public Health 75, 507–512.

Storlien LH, Tapsell LC & Calvert GD (2000) Role of dietary factors:

macronutrients. Nutr Rev 58, Suppl., S7–S9.

Szeto YT, Kwok TCY & Benzie FF (2004) Effects of a long-term

vegetarian diet on biomarkers of antioxidant status and cardiovas-

cular disease risk. Nutrition 20, 863–866.

Thorogood M, Mann J, Appleby P & McPherson K (1994) Risk of

death from cancer and ischemic heart disease in meat and non-

meat eaters. BMJ 308, 1667–1670.

vanDam RM, Rimm EB, Willett WC, Stampfer MJ & Hu FB (2002)

Dietary patterns and risk for type 2 diabetes mellitus in US men.

Ann Intern Med 136, 201–209.

Yeni-Komshian H, Carantoni M, Abbas F & Reaven GM (2000)

Relationship between several surrogate estimates of insulin resist-

ance and quantification of insulin-mediated glucose disposal in 490

healthy nondiabetic volunteers. Diabetes Care 23, 171–175.

Zhu SK, Wang ZM, Heshka S, Heo M, Faith MS & Heymsfield SB

(2002) Waist circumference and obesity-associated risk factors

among whites in the third National Health and Nutrition Examin-

ation Survey: clinical action thresholds. Am J Clin Nutr 76,

743–749.

Higher insulin sensitivity in vegetarians 135

https://doi.org/10.1079/BJN
20051588  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN20051588

