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ABSTRACT 

Background: There is convincing evidence that 
vegetarians have lower incidence of coronary 
heart disease, but there is a debate as to why 
this is the case. Objective: The aim of the study 
was to investigate whether a shift from a mixed 
diet to a lacto-vegetarian diet would lead to a 
decrease in risk for coronary heart diseases in-
dicated by surrogate markers. Design: Twenty 
volunteers participated in the study (4 men and 
16 women, mean age 44 years, range 27 - 61) 
from a town in western Sweden. Clinical exami- 
nations were performed, blood samples were 
drawn and dietary survey, i.e. repeated 24-h re-
calls were carried out before (0 month) and 3, 6 
and 12 months after the change from a mixed 
diet to a lacto-vegetarian diet. A dietician edu- 
cated the volunteers with regard to the vegetar- 
ian dietary regimen, organized and taught the ve- 
getarian cooking courses. Results: The dietary 
shift lead to an increase in the intake of total 
carbohydrates and fibre and a decrease in fat, 
protein and sucrose. The coronary heart disease 
risk markers body weight, body mass index, sys- 
tolic and diastolic blood pressure, total choles- 
terol and low-density lipoptrotein cholesterol de- 
creased significantly. Conclusions: There was a 
decrease in disease risk markers even though 
the ratio polyunsaturated to saturated fatty acids 
was unchanged. The main finding in this study is 
that there was a weight loss, sustained for one 
year, without any recommendation to decrease the 
energy intake or any focus on weight reduction. 
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1. INTRODUCTION 

There is convincing evidence that vegetarians have lower 

incidence of coronary heart disease, largely explained by 
lower low-density lipoprotein (LDL) cholesterol, lower 
prevalence of obesity and probably a healthier lifestyle 
[1]. Plant foods contain many beneficial compounds that, 
acting through multiple mechanisms, provide protection 
against the disease. The foods mainly mentioned are fruits, 
vegetables, whole grains, soy, pulses, antioxidant rich foods 
and foods with a low glycemic index [2]. It may also be im- 
portant that plant foods usually have a low fat content, 
especially saturated fatty acids and transfatty acids. A low 
intake of some foods may also be of importance, such as 
meat, fast foods, alcoholic and some other beverages, sug- 
ary snacks, sweets etc. [3]. Many food components, either 
by their presence or absence, may thus contribute to the 
lower disease incidence in vegetarians. Another theory to 
explain the lower disease incidence is that the various nu- 
trients and phytochemicals are of less importance compa- 
red to the overall lower body weights for vegetarians [4-6]. 
A second reason why this dietary shift is interesting to 
study is that it previously has been shown that it led to a 
decrease in colon cancer risk markers [7,8]. 

The aim of the study was to investigate whether a shift 
from a mixed diet to a lacto-vegetarian diet would lead to 
a decreased risk for coronary heart diseases (CHD) indi- 
cated by surrogate markers. 

2. SUBJECTS AND METHODS 

2.1. Subjects 

Twenty volunteers participated in the study (4 men and 
16 women, mean age 44 years, range 27 - 61). A call for 
participants was made by local press and radio and the vo- 
lunteers were selected after taking part in a clinical ex- 
amination together with an interview. The selection crite- 
ria were that they should have no diseases registered by a 
general practioner. The selected subjects were healthy, non- 
smoking, omnivores and were not taking any prescribed 
medication. The study was approved by the Ethical Com- 
mittee of the University of Göteborg, Gothenburg, Sweden 
and was performed in accordance with the Helsinki dec- 
laration. 
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2.2. Study Design 

The volunteers were divided into three groups, each of 
which started their dietary shift at different time periods 
of the year, March, May and August. This was done to en- 
sure that any observed alteration would be due to a change 
from a mixed to a lacto-vegetarian diet rather than to sea- 
sonal variation in the diet. The subject participated in a 
vegetarian cooking course and received lectures in basic 
nutrition. The courses were held once a week for a period 
of three months. We defined the starting point of the die- 
tary change as the time when the participants commenced 
these courses and, thus, started to change their diet. A die- 
tician educated the volunteers with regard to the dietary re- 
gimen. The lacto-vegetarian diet introduced by Are Waer- 
land was used as a guide since this diet is recommended 
by the Swedish Vegetarian Society and therefore most li- 
kely the diet that vegetarians in Sweden and Scandinavia 
eat [9]. This diet is characterized by large amounts of raw 
vegetables, fruits, unrefined foods and wholemeal pro- 
ducts with the exclusion of meat, poultry, fish and eggs. 
The consumption of soft drinks, coffee, tea, alcoholic bev-
erages, candies, sugar, salt and all refined and instant 
foods was discouraged. Dairy products were allowed, but 
fermented rather than unfermented products were rec-
ommended. 

2.3. Dietary Survey 

Dietary survey, i.e. repeated 24-h recalls were carried 
out before (0 month) and 3, 6 and 12 months after the die- 
tary change. Four 24-h recalls were performed at each 
time period, each participant was thus interviewed 16 times. 
The first 24-h recall for each time period was made in the 
home of the participant and the following three by tele-
phone. These latter interviews were carried out at unan-
nounced times and at irregular intervals. On all occasions, 
the interviews covered a Sunday, a Monday, a Tuesday, 
and a Wednesday. At the first interview the participants 
received training in estimating the volumes and weights 
of foods. This was carried out with the aid of models of 
food items in two or three dimensions and with the volun-
teers’ own plates, cups, glasses etc. The food items and 
dishes were entered into a computer and the results were 
converted into energy and nutrients using a computer 
program from the Swedish National Food Administration 
(Uppsala, Sweden). The mixed and vegetarian diets had 
previously been described and validated with biological 
markers [9,10]. 

2.4. Clinical Examination and Chemical 
Analyses 

The clinical examination consisted of measurement of 
weight, height, heart rate, systolic and diastolic blood pres- 
sure. Subjects visited the clinic in the morning after a 12 

hours fast. Body weight was measured (kg) on a digital 
scale in light clothing without shoes. Blood pressure was 
measured manually by cuff and stethoscope in a setting 
position on the right arm after a 5-min rest. Two meas-
urements were performed with a 2-min interval, and the 
average value was calculated. All measurements were 
made by the same nurse throughout the study. 

Blood samples were drawn from an antecubital vein us-
ing Vacutainer tubes. The samples were collected and 
handled according to hospital routines. Serum lipids were 
assayed by routine methods at the department of clinical 
chemistry, University hospital, Lund, Sweden. Control 
samples were run simultaneously. 

2.5. Statistical Analysis 

Results are presented as mean values with a 95% confi-
dence interval. Student’s t-test for paired observations was 
used to compare mean values before (mixed diet) and 12 
months after the dietary shift (lactovegetarian diet) as the aim 
was to study a long-term dietary change. The power calcula-
tion was made with the assumption of a decrease of HDL 
cholesterol of 0.14 mmol/l, a standard deviation of 0.20 
mmol/l, an alpha of 0.05 and a power of 0.80. With these 
assumptions we would need at least 18 people to be able to 
detect a statistically significant effect of the intervention. 

3. RESULTS 

The major trends when changing from a mixed diet to 
a lactovegetarian diet were an increase in consumption of 
fruits, berries, vegetables, potatoes, dairy products, and her- 
bal tea and a decrease in the intake of fish, egg, meat pro- 
ducts, coffee and tea (Table 1). This led to an increase in  
 
Table 1. Food intake (g/10 MJ) before (0 month) and 3, 6 and 
12 months after the dietary shift. The results before the dietary 
shift are presented as mean values with 95% confidence inter-
vals. The values for 3, 6 and 12 months after the dietary shift are 
the mean changes compared with the period before the dietary 
shift (n = 20). 

 0 month 3 months 6 months 12 months

Fruits, berries 279 ± 70 +188 +135 +246** 

Vegetables 161 ± 40 +200 +193 +238** 

Root vegetables 147 ± 41 +73 +82 +100** 
Potatoes     
Meat, fish, egg 161 ± 34 –161 –161 –159** 

Milk, 0.5% - 3% fat 461 ± 95 +93 +5 +18 
Cheese 39 ± 10 +33 +34 +32** 
Cereals 118 ± 37 +77 +48 +43 

Bread, all kinds 124 ± 16 +42 +45 +36** 

Sweets 5 ± 5 –5 –4 –5** 

Alcoholic beverages 62 ± 41 –49 –53 –60** 

Coffee 579 ± 132 –564 –574 –552** 

Tea 152 ± 108 –143 –138 –129** 

Herbal tea 12 ± 14 +337 +418 +680** 
**P < 0.01 between 0 and 12 months. 
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the intake of total carbohydrates and fibre and a decrease 
in fat, protein and sucrose (Table 2). There was no change 
in P/S-ratio (Table 1). The coronary heart disease risk mar- 
kers body weight, body mass index (BMI), systolic and 
diastolic blood pressure, total cholesterol and low-density 
lipoprotein (LDL) cholesterol decreased significantly (Ta- 
ble 3). 

4. DISCUSSION 

The dietary survey was validated against biological 
markers for food intake; protein, sodium, potassium and 
fibre and also the Goldberg cut-off was calculated before, 
3, 6 and 12 months after the dietary shift [10]. The valida- 
tion showed the same validity before and 3 months after 
the dietary shift and a declining validity towards 12 months 
with an underreporting of energy, protein, sodium and po- 
tassium but an overreporting of fibre, indicating a selec-
tive underreporting [10]. Nevertheless, the change in coro- 
nary heart disease risk markers was similar between 0 and 
3 months and between 0 and 12 months (Table 3). 

An unintentional weight loss of about two kg occurred 
during the one year duration of the study and a BMI loss 
of 0.6 units (Table 3). The weight and BMI loss was sus- 
tained during the one year period without a major dip 
initially, seen for some diets [11-13]. The main explana- 
tion of the change in coronary heart disease risk markers 
may thus be the weight loss effect of this diet.  

One reason for the involuntary weight loss may be re- 
lated to the physiological effects of the high fibre content 
of the vegetarian diet [14]. The impact of dietary fibres on 
satiation and satiety are related to the properties of add- 
ing bulk to the diet affecting gastric distension and pro- 
duces viscosity in the gastric antrum and small intestine. 
Dietary fibre thus displaces available energy and nutrients 
from the diet, increase the time and work required for chew- 
ing and reduces the absorption efficiency of the small in- 
testine. Moreover, regression of the heart vessel lesions may 
occur. Two-year weight loss diets have shown to induce a 
 
Table 2. Nutrient intake before (0 month) and 3, 6 and 12 
months after the dietary shift. The results are presented as mean 
values with 95% confidence intervals (n = 20). 

 0 month 3 months 6 months 12 months

Carbohydrates (E%) 50 ± 2 56 ± 2 56 ± 3 58 ± 2** 

Fat (E%) 36 ± 2 32 ± 3 32 ± 3 31 ± 2** 

Protein (E%) 15 ± 1 13 ± 1 13 ± 1 13 ± 1* 

Sucrose (E%) 7.5 ± 2.1 4.9 ± 1.3 4.7 ± 1.3 5.8 ± 1.6**

Fiber (g/10 MJ) 25 ± 3 42 ± 4 43 ± 3 37 ± 4** 

P/S ratio1 0.30 ± 0.03 0.28 ± 0.05 0.29 ± 0.04 0.28 ± 0.06

*P < 0.05 between 0 and 12 months; **P < 0.01 between 0 and 12 months; 
1The ratio polyunsaturated fatty acids to saturated fatty acids. 

Table 3. Coronary heart disease risk markers before (0 month) 
and 3, 6 and 12 months after the dietary shift. The results are pre- 
sented as mean values with 95% confidence intervals (n = 20). 

 0 month 3 months 6 months 12 months

Body weight (kg) 67.2 ± 5.2 64.9 ± 4.6 64.4 ± 4.3 65.3 ± 4.7**

BMI (kg/m2) 
1.1** 

23.4 ± 1.3 22.7 ± 1.1 22.5 ± 1.1 22.8 ± 1.1**

Systolic blood 
pressure (mm·Hg)

114 ± 3 112 ± 4 111 ± 3 109 ± 4* 

Diastolic blood 
pressure (mm·Hg)

79 ± 3 62 ± 5 62 ± 5 61 ± 5* 

Heart rate 
(beats/min) 

66 ± 4 62 ± 5 62 ± 5 61 ± 5* 

Total cholesterol 
(mmol/l) 

5.81 ± 0.40 5.28 ± 0.44 5.37 ± 0.50 5.24 ± 0.43*

HDL cholesterol1 

(mmol/l) 
1.64 ± 0.19 1.53 ± 0.15 1.44 ± 0.14 1.50 ± 0.20*

LDL cholesterol2 

(mmol/l) 
3.74 ± 0.39 3.40 ± 0.37 3.52 ± 0.47 3.26 ± 0.35*

LDL/HDL ratio1,2 2.48 ± 0.45 2.32 ± 0.36 2.62 ± 0.52 2.40 ± 0.53

**P < 0.01 between 0 and 12 months; *P < 0.05 between 0 and 12 months; 
1High-density lipoprotein cholesterol; 2Low-density lipoprotein cholesterol. 

 
significant regression of measurable carotid vessel wall 
volume [15]. The effect appears to be mediated mainly by 
the weight loss-induced decline in blood pressure. This is 
an important effect being as the volunteers could without 
any declared problems lose weight and sustain the weight 
loss for at least one year. There was no recommendation to 
lose weight. These studies indicate that the weight loss 
per se is more important than the relative distribution of 
fat, carbohydrates and protein and that vegetarian diets, 
mainly plant-based diets and so-called high-carbohydrate- 
low-fat-diets are more satisfying than the opposite. Long- 
term studies (4 - 9 years) on low fat diets demonstrate a 
weight loss [16,17] and seem to prevent diabetes [18]. 
Prolonged consumption of diets low in carbohydrates and 
high in protein is associated with an increase in total 
mortality [19]. Positive associations of this score were 
noted with respect to both cardiovascular and cancer mor-
tality. Similar results were obtained in a Swedish study 
[20]. Green tea, by some called herbal tea, was in some 
studies related to a decrease in body weight, waist cir-
cumference, body fat mass, skin-fold thickness, and total 
subcutaneous fat areas [21]. The mechanisms accounting 
for weight loss with tea or tea components are unclear 
[21]. It has been suggested that some tea components 
may increase sympathetic nervous system activity and 
stimulate thermogenesis, which would increase calorie 
consumption [22]. 

Besides the effect of certain food components, such as 
protein, fat, carbohydrates and fibre, the botanical struc- 
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ture of the food is important for satiety. Experiments on 
different structures of foods, such as intact kernels and 
different milling fractions of cereals, solid or puréed fruits 
and vegetables have yielded different effects on satiation, 
satiety and subsequent ad libitum food (energy) intake 
[23-26]. The foods eaten after the dietary change in this 
study was in favour for botanical structures of foods lead- 
ing to improved satiety and thus enhancing the probabil- 
ity of a lower total food (and energy) consumption. 

Vegetarian diets seem to be protective against coronary 
heart diseases [6]. One reason for this is effects of plant- 
based diets on plasma lipids [2,27]. Twenty-seven rando- 
mized controlled and observational trials were included 
in a review article [27]. Of the four types of plant-based 
diets considered, interventions testing a combination diet, 
a vegetarian or vegan diet combined with nuts, soy, and/or 
fibre, demonstrated the greatest effects, up to 35% plasma 
LDL cholesterol reduction, followed by vegan and ovo- 
lacto-vegetarian diets. Vegetarian diets, such as this one, 
are characterised by a high intake of dietary fibre, among 
other sources from cereals. Several health promoting bioac- 
tive components are being associated with dietary fibre in 
cereals, for instance antioxidants such as tocotrienols, toco- 
pherols, alkylresorcinols, phenolic acids, choline, betaine, 
lignans and sterols [28]. Most of these components are 
present in the bran and germ of the kernels. There was an 
increase in the consumption of fruits, berries, vegetables 
and potatoes in this study, which means an increase in die- 
tary fibre, antioxidants and some important nutrients. Fur- 
thermore these foods contain plant sterols known to have 
plasma LDL lowering effects [29]. The serum lipid low- 
ering effect of the vegetarian diet may have been medi- 
ated by several cholesterol-lowering dietary components 
in combination (a so-called dietary portfolio) presented by 
Jenkins et al. in several of his group’s “portfolio-diet stu- 
dies” [30]. The increase in fruits and vegetables was about 
500 grams per day, which indicates that the recommen-
dations from Sweden and the rest of Scandinavia and from 
many other countries on fruits and vegetables of about 500 
grams per day seem to be sound. 

Another interesting result was that the P/S ratio was 
unchanged. Many of the meat products were replaced by 
dairy products leading to an unchanged intake of saturated 
and unsaturated fatty acids, and probably also transfatty 
acids. The decrease in total fat intake may be one explana- 
tion for the results. This is in contrast to many other stu- 
dies that emphasize the importance of decreasing saturated 
fatty acids and a relative increase in polyunsaturated fatty 
acids [31-33]. One recent study in particular demonstrated 
that under isocaloric conditions a change from dairy fat to 
canola oil led to a decrease in risk markers for coronary 
heart diseases [31]. Unfortunately there was a trend to eat 
“natural” foods during the time our study took place. But- 
ter was considered to be “natural” and margarine not to 

be “natural”. Butter was thus recommended for use on 
bread and in cooking rather than margarines and oils.  

Other explanations for the change in risk variables are 
sought for in the differences in carbohydrate and protein 
intake. In general, vegetarian diets derive more than 50% 
of energy from carbohydrates, mainly from fruits, vege- 
tables, legumes and whole-grain breads and cereals [5]. 
These low-fat, high-carbohydrate diets are associated with 
lower BMIs than are high-fat, low-carbohydrate diets. Re- 
sults from the EPIC-Oxford study demonstrated that, of 
all the components of the diet, dietary fibre contributed 
the most to the age-adjusted differences in BMI, equiva- 
lent to body-weight differences of 3.6 and 2.7 kg for men 
and women, respectively [4]. When energy intake is ad 
libitum, the consumption of an additional 14 g/d of die- 
tary fibre is associated with a 10% decrease in energy in- 
take and a body weight loss of 1.9 kg over 3.8 months 
[34]. The effect seems to be mediated by means of fibre 
reducing energy density and influencing lean body weight 
through effects on satiety and insulin control. In several 
studies relationships were found between a low protein 
percentage of the diet and a low BMI [5]. One explana- 
tion to this association is that down-regulation of insulin 
and up-regulation of glucagon may occur in response to 
the relative amount of non-essential amino acids in the 
diet [35,36]. Being as animal proteins have shown to have 
greater efficacy for releasing insulin, and plant proteins 
have a greater effect on glucagon, a plant-based diet may 
exert a downward effect on body weight [5]. 

There was a decrease in serum cholesterol (–10%, P < 
0.01) in the present study, LDL cholesterol (–13%, P < 
0.05), HDL cholesterol (–9%, P < 0.05) and LDL/HDL 
(–3%, ns). A similar result was obtained in a randomized 
controlled trial of a healthy Nordic diet, –16%, –21%, 
–5% and –14%, respectively [37]. Even though the direc- 
tion of the change was similar in both studies one differ- 
ence between the studies was that in the present study there 
was no statistical significant reduction in the LDL/HDL 
ratio (Table 3) as it was in the NORDIET study [37]. The 
explanation may be that there was a higher intake of satu- 
rated fatty acids in this study compared to the NORDIET 
study [37] supporting the importance of polyunsaturated 
fatty acids in the diet. In both studies there was an invo- 
luntary weight loss, an increase in carbohydrate (% of en- 
ergy) and fibre (g/day) and a decrease in fat intake (% of 
energy). It is plausible that the involuntary weight loss in 
both studies was induced by the increase in fibre intake. 
Both studies support current dietary guidelines in Europe, 
including the Nordic countries, as well as recommenda- 
tions from the American Heart Association [38-40]. Thus, 
even though it is not necessary to eat a Scandinavian ve- 
getarian diet to comply with nutritional recommendations, 
it seems to be as good an option as eating a Mediterranean 
diet or a healthy Nordic diet [37]. 
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In the present study there was a trend towards a de-
crease in sodium intake according to the biological marker 
sodium in urine, from 2938 mg before the dietary shift to 
2870 mg 12 months after the dietary shift [10]. The po- 
tassium intake according to the biological marker potas- 
sium in urine and faeces was 3256 mg before the dietary 
shift and 4119 mg 12 months after the dietary shift [10]. 
This may have affected the blood pressure, as well as the 
decrease in alcohol intake (Table 3). The effect on blood 
pressure of the decrease in coffee and tea consumption and 
the concomitant increase in herbal tea consumption is un- 
clear, especially as we do not have any information on the 
type of herbal tea that the volunteers consumed. Neverthe- 
less, we know that coffee can increase blood pressure and 
some herbal teas can decrease blood pressure [41]. This 
could thus preferably be investigated in future studies.  

In conclusion, the positive effects of plant-based diets 
on CHD prevention may be mediated via a reduction in 
body weight; increased intake of carbohydrates, especial- 
ly fibre intake and a decrease in energy, fat and protein in- 
take. Primary, the main finding in this study is that there 
was a weight loss without any focus on this. Instead, the 
focus was on eating a healthy diet. Secondly, there was a 
decrease in LDL cholesterol and other CHD risk markers 
even though the P/S ratio was unchanged. Thirdly, when 
discussing the effects of vegetarian diets it is important 
to consider the presence or absence of certain food items, 
for instance vegetables, fruits, meat, coffee, tea and alco- 
holic beverages. Lastly, it is interesting to see that there 
is an effect on CHD risk variables within the normal BMI 
range. Thus, even those who fall within normal BMI ranges 
may benefit from either reducing weight or changing to a 
vegetarian diet, at least from BMI 23.4 to 22.8 according 
to this study. 
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