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Abstract

Objective: To compare the prevalence of self-reported hypertension and mean
systolic and diastolic blood pressures in four diet groups (meat eaters, fish eaters,
vegetarians and vegans) and to investigate dietary and other lifestyle factors that
might account for any differences observed between the groups.
Design: Analysis of cross-sectional data from participants in the Oxford cohort of the
European Prospective Investigation into Cancer and Nutrition (EPIC–Oxford).
Setting: United Kingdom.
Subjects: Eleven thousand and four British men and women aged 20–78 years at
blood pressure measurement.
Results: The age-adjusted prevalence of self-reported hypertension was significantly
different between the four diet groups, ranging from 15.0% in male meat eaters to
5.8% in male vegans, and from 12.1% in female meat eaters to 7.7% in female vegans,
with fish eaters and vegetarians having similar and intermediate prevalences. Mean
systolic and diastolic blood pressures were significantly different between the four
diet groups, with meat eaters having the highest values and vegans the lowest values.
The differences in age-adjusted mean blood pressure between meat eaters and
vegans among participants with no self-reported hypertension were 4.2 and
2.6 mmHg systolic and 2.8 and 1.7 mmHg diastolic for men and women, respectively.
Much of the variation was attributable to differences in body mass index between the
diet groups.
Conclusions: Non-meat eaters, especially vegans, have a lower prevalence of
hypertension and lower systolic and diastolic blood pressures than meat eaters,
largely because of differences in body mass index.
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Blood pressure is linearly related to mortality from

coronary heart disease1,2, and a 5 mmHg increase in

usual diastolic blood pressure has been estimated to

increase stroke and coronary heart disease risk by 34% and

21%, respectively3. The main diet-related determinants of

hypertension are obesity, high intakes of alcohol and

sodium, and a low potassium intake4,5. Limiting dietary

sodium and use of the Dietary Approaches to Stop

Hypertension (DASH) diet have been shown to be

effective in reducing blood pressure in both normotensive

and hypertensive individuals6. The DASH diet is rich in

vegetables, fruits and low-fat dairy foods, and several

studies have found that vegetarians, who might be

expected to have a diet similar to this, have lower blood

pressure than non-vegetarians7–10.

In this study we compare the prevalence of self-

reported hypertension and mean systolic and diastolic

blood pressures in men and women in four diet groups

(meat eaters, fish eaters, vegetarians and vegans) using

data from participants in the Oxford cohort of the

European Prospective Investigation into Cancer and

Nutrition (EPIC–Oxford). We also attempt to identify

diet and lifestyle factors responsible for differences in

blood pressure between the diet groups.

Subjects and methods

Between 1993 and 1999, 57 500 British men and women

from throughout the UK were recruited into the EPIC–

Oxford cohort. Two methods of recruitment were used:

general practice (GP) recruitment and postal recruitment.

The aim of the GP recruitment was to recruit members of

the general population via GP surgeries in Greater

Manchester, Oxfordshire and Buckinghamshire. In con-

trast, the postal method of recruitment was designed so as

to recruit as many vegetarians as possible through targeted

mailing of vegetarian and vegan societies, health/diet-

interest magazines and health food shops.

At recruitment, all participants completed a detailed

lifestyle questionnaire, including a semi-quantitative food-
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frequency questionnaire (FFQ) consisting of 130 questions

(each with nine possible response categories) relating to

the participant’s usual diet over the previous year. Data

from the FFQ were used to estimate intakes of alcohol,

food energy and selected nutrients using Fortran computer

programs and nutrient data from McCance and Widdow-

son’s The Composition of Foods and its supplements11–20.

In addition to alcohol and energy intake, 10 nutrients were

selected as being likely to influence blood pressure:

protein, carbohydrate, total fat, saturated fat, polyunsatur-

ated fat, non-starch polysaccharide (NSP), sodium,

potassium, calcium and magnesium. Intakes of protein,

carbohydrate, total fat, saturated fat and polyunsaturated

fat were expressed in relative terms as percentages of

energy intake, and the intakes of saturated fat and

polyunsaturated fat were used to derive the polyunsatur-

ated to saturated fat (P/S) ratio. Assessment of nutrient

intake using the FFQ has been validated previously21.

Separately from the FFQ, participants were also asked

the following questions: Do you eat any meat?, Do you eat

any fish?, Do you eat any dairy products? and Do you eat

any eggs? Based on the answers to these questions

participants were allocated to one of four diet groups:

meat eaters, fish eaters (who ate fish but not meat),

vegetarians (who ate neither meat nor fish but did eat

dairy products and/or eggs) and vegans (who did not eat

any meat, fish, eggs or dairy products). The lifestyle

questionnaire also asked participants to record their date

of birth, current height and weight, use of salt in cooking

and at the table, level of physical activity at work, whether

they practised any vigorous exercise during their leisure

time, and whether they were currently receiving long-term

treatment for any illness or condition. Women were asked

to record their parity and whether they were currently

taking or had ever taken oral contraceptives (OC) or

hormone replacement therapy (HRT). All participants

were asked whether they had modified their diet over the

past year owing to high blood pressure or had been told

by a doctor that they had high blood pressure. Answers to

these two questions were combined to determine the

percentage of participants with self-reported hyperten-

sion. Self-reported height and weight were used to

calculate the participant’s body mass index (BMI) as their

weight in kilograms divided by the square of their height

in metres. (Measured heights and weights were available

for about 5000 participants, and a previous study showed

good agreement with their self-reported values22.)

All participants were asked if they would be willing to

provide a blood sample and to have their blood pressure

measured at their general practice, although the study

design only allowed blood samples to be taken from about

one-third of participants. The health professional respon-

sible for taking the blood sample was asked to take the

participant’s blood pressure first, and to record the date

and time, how many cigarettes the participant had smoked

in the previous 24 hours, and details of any medicines or

nutritional supplements they had taken on that day or the

previous day. Measurements of systolic blood pressure

(SBP) and diastolic blood pressure (DBP) were obtained

from about 19 500 participants, of whom 7500 were GP-

recruited and 12 000 had been recruited by post. Because

of the possibility of systematic differences in blood

pressure measurement arising from the different modes of

recruitment, and because almost all of the vegetarians and

vegans were recruited by post, it was decided to exclude

data for the GP-recruited participants from this analysis.

No standard method of blood pressure measurement was

specified for the participants recruited by post and only

single measurements were taken.

Participants were excluded from the analysis if any of

the following conditions applied:

. they were recruited through a general practice

(n ¼ 7421 participants excluded);

. the date of their blood pressure measurement was

unknown or incomplete or they were aged 80 years or

above at the time ðn ¼ 170Þ;

. either the SBP or the DBP measurement was missing or

the values were illogical (DBP greater than SBP,

n ¼ 189);

. their BMI was under 15 kg m22 or over 60 kg m22 ðn ¼

472Þ; and

. their diet group was unknown, or their nutrient data

were deemed unreliable (more than 20% of the food

frequency questions unanswered, or an estimated daily

energy intake outside the range 800–4000 kcal for men

or 500–3500 kcal for women, n ¼ 195).

After these exclusions data were available for 2351 men

(996 meat eaters, 297 fish eaters, 786 vegetarians, 272

vegans) and 8653 women (3741 meat eaters, 1431 fish

eaters, 3014 vegetarians, 467 vegans), reflecting the

preponderance of women in this cohort.

Data were analysed separately for men and women.

Participants were categorised into one of 12 five-year age

groups according to their age at blood pressure

measurement (20–24, 25–29, . . ., 75–79 years), sex-

specific fifths of BMI and sex-specific thirds of each

nutrient. Alcohol intake was categorised as ,1, 1–9, 10–

19 or 20+ g of ethanol per day. Use of salt in cooking and at

the table were each categorised as ‘rarely or never’,

‘sometimes’ or ‘usually or always’. Physical activity level at

work was categorised as ‘not working’, ‘sedentary’ or

‘active’ (standing or manual workers). Parity in women

was categorised as none, 1–2 or 3 or more children;

hormone exposure was categorised as ‘never’, ‘former’ or

‘current’; and all other factors were categorised as simple

yes/no variables.

Hypertension presents a problem when comparing

blood pressure measurements because the use of drugs or

diet to control the disease may make the observations

unreliable. For example, anti-hypertensive drugs would

be expected to reduce blood pressure, so that recorded
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blood pressure measurements would be lower than their

‘true’ value for a person with hypertension. Also, some of

the participants with hypertension reported having

changed their diet as a consequence of the disease.

Therefore, the analysis of blood pressure measurements

was restricted to participants with no self-reported

hypertension.

The prevalence of self-reported hypertension by diet

group, both unadjusted and adjusted for age, and further

adjusted for BMI, was calculated for each sex. Chi-square

tests were used to assess the statistical significance of

differences in prevalence between the diet groups. Mean

age-adjusted SBP and DBP by sex among participants with

no self-reported hypertension were calculated for diet

group and other factors of interest. F-tests were used to

assess the statistical significance of the heterogeneity in

mean blood pressures across categories. Analysis of

variance was used to examine the extent to which

differences in age-adjusted blood pressure between the

diet groups could be explained by differences in BMI,

nutrient intake and other lifestyle factors. For the multi-

variable analyses an ‘unknown’ category was added to

each factor where necessary so as to include all available

observations in the analyses. (For most factors no more

than 2% of participants were classified as being

‘unknown’, and none of the factors with a higher

percentage of ‘unknowns’ were included in the multi-

variable analyses. Therefore, observations with ‘unknown’

values for one or more factors were unlikely to have a

major effect on the results.) Reductions in the range of

adjusted mean blood pressures across the diet groups

(defined as the difference between the highest and the

lowest mean blood pressure) were used to quantify the

extent to which the various factors accounted for the age-

adjusted differences in blood pressure. Statistical analyses

were performed using the Stata statistical package23.

Results

Baseline characteristics of the participants by sex and diet

group are shown in Table 1. Age at blood pressure

measurement ranged from 20 to 78 years with a median of

48 years in men and 46 years in women. There were

considerable differences in age between the diet groups

for both men and women: median age was progressively

lower from the meat eaters to the vegans. These age

differences undoubtedly account for some of the other

differences in baseline characteristics between the diet

groups. BMI was higher in the meat eaters than the vegans,

with the fish eaters and vegetarians having similar and

intermediate values. A higher proportion of vegan men

and women were essentially teetotal (alcohol intake

,1 g day21) than any of the other diet groups, with a

correspondingly lower proportion consuming 20 or more

grams of alcohol daily. Meat eaters had the highest mean

energy intake, and consumed relatively more protein, fat

and saturated fat, and relatively less carbohydrate and

polyunsaturated fat, than the other diet groups. Vegans

consumed much less saturated fat and calcium, had a

much higher P/S ratio compared with the other diet

groups, and also had the highest intakes of NSP and

magnesium, but the lowest intakes of sodium from food.

Meat eaters were the most likely, and vegans the least

likely, to use salt in cooking ‘usually or always’, and there

was a similar pattern for use of salt at the table. A high

percentage of participants reported exercising vigorously

on a regular basis, with vegans the most active. Vegan

women were most likely to be childless and least likely to

be taking either oral contraceptives or HRT at recruitment.

Meat eaters were the most likely to have taken medication

(including prescription medicines, over-the-counter medi-

cines and nutritional supplements) immediately prior to

blood pressure measurement and most likely to have been

receiving long-term treatment for illness.

Self-reported hypertension was most common among

meat eaters and least common among vegans (Table 1).

These differences remained after adjusting for age: the

adjusted prevalence for meat eaters, fish eaters, vege-

tarians and vegans, respectively, was 15.0%, 9.8%, 9.8%

and 5.8% for men, and 12.1%, 9.6%, 8.9% and 7.7% for

women (each P , 0:0005). The same pattern remained

after further adjustment for BMI, although the differences

in the prevalence of hypertension between the diet groups

were smaller and of reduced statistical significance

(P ¼ 0:01 for men, P ¼ 0:07 for women). Adjusted for

age and BMI, the prevalence of self-reported hypertension

for meat eaters, fish eaters, vegetarians and vegans,

respectively, was 12.9%, 9.3%, 9.5% and 6.1% for men, and

10.6%, 9.7%, 8.7% and 8.3% for women.

Blood pressures were compared in 1790 men (699 meat

eaters, 233 fish eaters, 628 vegetarians, 230 vegans) and

6873 women (2825 meat eaters, 1171 fish eaters, 2495

vegetarians, 382 vegans) with no self-reported hyperten-

sion. BMI was strongly positively associated with blood

pressure in both sexes (each P , 0:0001), with a clear

gradient of increasing age-adjusted blood pressure with

increasing fifth of BMI (Table 2).

There were highly significant differences in age-

adjusted SBP and DBP between the diet groups for both

men and women (each P , 0:005). In each case, meat

eaters had the highest and vegans the lowest adjusted

mean values (Table 3). The differences in the age-adjusted

mean values between meat eaters and vegans were

4.2 mmHg and 2.6 mmHg SBP, and 2.8 mmHg and

1.7 mmHg DBP, for men and women respectively.

Mean values of SBP and DBP in men and women by

alcohol intake, thirds of nutrient intake and other lifestyle

factors, each adjusted for age and BMI, are shown in the

Appendix. Alcohol intake was positively associated with

blood pressure in men, but there was no relationship

between blood pressure and alcohol intake in women.

Energy intake was positively associated with blood
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Table 1 Baseline characteristics of the participants by sex and diet group

Men Women

Characteristic Meat eaters Fish eaters Vegetarians Vegans Meat eaters Fish eaters Vegetarians Vegans

Number 996 297 786 272 3741 1431 3014 467
Median age at BP measurement (years) 54 49 45 40 51 44 41 37
Mean body mass index (kg m22) 24.6 23.5 23.4 22.6 24.1 22.8 22.8 22.0
Alcohol intake (g ethanol day21)

, 1 112 (11.2) 47 (15.8) 154 (19.6) 89 (32.7) 758 (20.3) 267 (18.7) 677 (22.5) 156 (33.4)
1–9 408 (41.0) 123 (41.4) 302 (38.4) 97 (35.7) 2026 (54.2) 748 (52.3) 1563 (51.9) 223 (47.8)
10–19 253 (25.4) 61 (20.5) 161 (20.5) 42 (15.4) 687 (18.4) 283 (19.8) 547 (18.1) 63 (13.5)
20+ 223 (22.4) 66 (22.2) 169 (21.5) 44 (16.2) 270 (7.2) 133 (9.3) 227 (7.5) 25 (5.4)

Mean daily nutrient intakes
Energy (kJ) 9119 9077 8909 8058 8005 7897 7705 7123
Protein (% energy) 16.1 14.1 13.1 12.8 17.4 14.9 13.9 13.4
Carbohydrate (% energy) 47.6 50.7 51.7 54.7 49.0 51.5 53.0 55.5
Total fat (% energy) 31.5 31.1 30.9 28.7 31.1 30.6 30.4 28.7
Saturated fat (% energy) 10.4 9.1 9.1 4.9 10.0 9.2 9.2 5.2
Polyunsaturated fat (% energy) 5.2 5.9 5.8 7.8 5.2 5.6 5.4 7.6
P/S ratio 0.56 0.72 0.71 1.65 0.57 0.67 0.66 1.53
NSP (g) 19.9 24.0 24.0 28.2 20.2 22.7 22.9 26.5
Sodium (from food only; mg) 2986 3028 2979 2792 2713 2680 2632 2539
Potassium (mg) 4033 4085 3972 4061 3927 3881 3773 3836
Calcium (mg) 1064 1114 1091 589 998 1037 1021 580
Magnesium (mg) 379 416 411 444 355 371 368 397

Salt added while cooking*
Rarely or never 338 (34.0) 133 (44.9) 400 (51.0) 174 (64.0) 1428 (38.3) 712 (49.8) 1581 (52.5) 281 (60.3)
Sometimes 192 (19.3) 68 (23.0) 140 (17.9) 45 (16.5) 613 (16.4) 281 (19.7) 559 (18.6) 78 (16.7)
Usually or always 465 (46.7) 95 (32.1) 244 (31.1) 53 (19.5) 1691 (45.3) 436 (30.5) 871 (28.9) 107 (23.0)

Salt added at the table*
Rarely or never 507 (50.9) 196 (66.0) 482 (61.3) 194 (71.9) 2270 (60.9) 916 (64.2) 1945 (64.7) 303 (65.2)
Sometimes 220 (22.1) 56 (18.9) 150 (19.1) 43 (15.9) 789 (21.2) 289 (20.3) 580 (19.3) 85 (18.3)
Usually or always 269 (27.0) 45 (15.2) 154 (19.6) 33 (12.2) 671 (18.0) 222 (15.6) 482 (16.0) 77 (16.6)

Physical activity at work*
Not working 419 (42.5) 97 (33.3) 205 (26.6) 104 (39.0) 1566 (42.9) 446 (31.8) 891 (30.2) 180 (39.4)
Sedentary 326 (33.1) 111 (38.1) 342 (44.4) 75 (28.1) 1061 (29.0) 490 (35.0) 1068 (36.1) 152 (33.3)
Active 241 (24.4) 83 (28.5) 223 (29.0) 88 (33.0) 1027 (28.1) 466 (33.2) 996 (33.7) 125 (27.4)

Practises vigorous exercise* 697 (71.4) 221 (74.9) 603 (77.5) 216 (80.0) 2409 (66.1) 1039 (74.0) 2175 (73.5) 336 (74.2)
Parity*

None – – – – 884 (23.6) 510 (35.7) 1382 (45.9) 282 (60.5)
1–2 – – – – 1906 (51.0) 652 (45.6) 1198 (39.8) 130 (27.9)
3 or more – – – – 950 (25.4) 268 (18.7) 428 (14.2) 54 (11.6)

Hormone exposure†*
Never – – – – 853 (23.3) 251 (17.8) 564 (19.0) 110 (24.1)
Former – – – – 1952 (53.3) 870 (61.6) 1722 (58.1) 275 (60.2)
Current – – – – 860 (23.5) 291 (20.6) 680 (22.9) 72 (15.8)

Smoked cigarettes in 24 h prior to BP measurement* 64 (6.5) 15 (5.1) 37 (4.8) 19 (7.0) 256 (6.9) 83 (5.9) 217 (7.3) 38 (8.2)
Took medication‡ on day of or day before BP measurement* 516 (56.5) 143 (51.6) 347 (47.3) 89 (41.2) 2331 (72.3) 834 (68.0) 1686 (64.2) 203 (56.7)
Receiving long-term treatment for any illness or condition* 351 (35.7) 68 (23.3) 185 (23.6) 52 (19.1) 1365 (36.8) 397 (28.1) 758 (25.4) 96 (20.7)
Self-reported hypertension§* 182 (20.7) 32 (12.1) 68 (9.8) 12 (5.0) 557 (16.5) 140 (10.7) 233 (8.5) 28 (6.8)

Values shown are numbers (percentages) of participants except where indicated.
BP – blood pressure.
* Unknown for some participants.
† Oral contraceptives or hormone replacement therapy.
‡ Includes prescription medicines, over-the-counter medicines and nutritional supplements.
§ Previous high blood pressure or modified diet in the past 12 months owing to high blood pressure.
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pressure in both men and women, although the

relationship was only statistically significant for SBP in

men. Of the macronutrient factors, carbohydrate intake

was inversely associated with SBP in men only, saturated

fat intake was positively associated with SBP in both sexes,

and the P/S ratio was inversely associated with blood

pressure in both men and women. None of the

micronutrients were strongly associated with blood

pressure except for calcium intake, which was positively

associated with SBP in women.

Men practising vigorous physical exercise had signifi-

cantly lower blood pressure than men who did not do so,

sedentary male workers had higher blood pressure than

men who were not working or had more active

occupations, and women who had never used oral

contraceptives or HRT had higher blood pressure than

either former or current users. There were no clear

associations between blood pressure and any of the other

factors investigated for either sex.

In Table 3 we show the effects of successively adding

BMI, selected non-dietary factors, the macronutrient

factors and the four micronutrients to the analysis of

variance models for blood pressure and diet group in an

attempt to account for the variation in age-adjusted blood

pressure between the diet groups. Based on the results

presented in the Appendix, the non-dietary factors chosen

were alcohol intake and vigorous exercise for men and

hormone exposure for women. The latter two factors were

each categorised as one of ‘yes’, ‘no’ or ‘unknown’ in order

to retain all of the observations in the analyses.

BMI accounted for much of the age-adjusted variation in

blood pressure between diet groups. After adjusting for

BMI, the differences in mean SBP and DBP between the

diet groups were considerably reduced, and, except for

DBP in women, were no longer statistically significant.

Addition of the non-dietary factors further reduced the

variation in adjusted mean blood pressures between the

diet groups for men but not for women. Along with age

and BMI, each of the non-dietary factors was independ-

ently associated with blood pressure in these models.

Addition of the macronutrient factors further reduced the

range in adjusted mean blood pressures for both men and

women. Further addition of the micronutrients to the

models did not materially alter the results. Comparing the

range of adjusted mean values in the models with age,

BMI, non-dietary and macronutrient factors with the

ranges adjusted for age alone showed that these factors

account for more than three-quarters of the variation in

blood pressure between the diet groups for men, and for

up to two-thirds of the variation for women. For example,

the range of age-adjusted mean SBP values in men

(4.2 mmHg) was reduced by 83% to 0.7 mm Hg when BMI,

alcohol intake, vigorous exercise and the macronutrient

factors were added to the model.

Discussion

We have shown significant differences in the age-adjusted

prevalence of self-reported hypertension among meat

eaters, fish eaters, vegetarians and vegans for both men

and women. Meat eaters had the highest and vegans the

lowest prevalence of hypertension, with fish eaters and

vegetarians taking intermediate values. Among partici-

pants with no self-reported hypertension there were

statistically significant variations in age-adjusted mean

systolic and diastolic blood pressures between the four

diet groups for both men and women, with meat eaters

having the highest values and vegans the lowest values.

About half of the variation was attributable to differences

in body mass index, with non-dietary and macronutrient

factors also accounting for some of the variation in mean

blood pressure.

The main strength of the study was the large number of

observations, especially among vegetarians and vegans.

The main limitations of our study were that no standard

method of blood pressure measurement was used and that

only one measurement was taken. However, the lack of

standardisation would not be expected to bias the

comparison between diet groups, and the large sample

size would help to minimise the effects of the random

errors arising from inaccuracies in measurement. In

addition, the food-frequency questionnaire is not a very

accurate method of assessing nutrient intake24. This would

lead to some misclassification of the nutrient intakes (but

not of the diet groups), probably causing the effects of

these factors to be underestimated because of regression

dilution. It is also possible that prevalent hypertension

may have influenced a participant’s diet, although the

Table 2 Age-adjusted mean (95% confidence interval) systolic and diastolic blood pressures in men and women with no
self-reported hypertension by body mass index

Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

Fifth of body mass index Men Women Men Women

1 (lowest) 120.2 (118.8–121.7) 116.0 (115.2–116.7) 73.5 (72.6–74.5) 71.5 (71.0–72.0)
2 124.9 (123.4–126.4) 118.1 (117.3–118.9) 75.9 (75.0–76.9) 72.3 (71.8–72.8)
3 125.2 (123.7–126.7) 118.7 (117.9–119.4) 77.2 (76.2–78.2) 72.9 (72.4–73.3)
4 126.8 (125.3–128.3) 121.2 (120.5–122.0) 78.3 (77.3–79.2) 74.4 (74.0–74.9)
5 (highest) 130.6 (129.1–132.1) 124.7 (124.0–125.5) 81.3 (80.4–82.3) 77.1 (76.6–77.6)
Test of heterogeneity P , 0:0001 P , 0:0001 P , 0:0001 P , 0:0001
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Table 3 Mean (95% confidence interval) systolic and diastolic blood pressures in men and women with no self-reported hypertension by diet group, adjusted for age, body mass index and
other relevant factors

Systolic blood pressure Diastolic blood pressure

Factors adjusted for Men Women Men Women

Age alone P , 0:005 P , 0:005 P , 0:005 P , 0:0001
Meat eaters 126.6 (125.5–127.7) 120.1 (119.6–120.7) 78.1 (77.4–78.8) 74.0 (73.6–74.3)
Fish eaters 125.3 (123.5–127.2) 119.0 (118.1–119.8) 77.2 (75.9–78.4) 72.8 (72.3–73.3)
Vegetarians 125.5 (124.4–126.7) 120.0 (119.4–120.6) 77.1 (76.3–77.8) 73.8 (73.5–74.2)
Vegans 122.4 (120.5–124.4) 117.6 (116.1–119.1) 75.3 (74.0–76.5) 72.2 (71.3–73.2)

Range of mean values (R 2) 4.2 (16.0) 2.6 (23.1) 2.8 (3.8) 1.7 (11.3)

Age and BMI P ¼ 0:18 P ¼ 0:08 P ¼ 0:27 P , 0:01
Meat eaters 126.0 (124.9–127.1) 119.7 (119.1–120.2) 77.6 (76.9–78.3) 73.7 (73.3–74.0)
Fish eaters 125.4 (123.6–127.3) 119.4 (118.5–120.2) 77.3 (76.1–78.4) 73.1 (72.6–73.6)
Vegetarians 125.8 (124.7–127.0) 120.2 (119.6–120.7) 77.3 (76.6–78.0) 74.0 (73.6–74.3)
Vegans 123.5 (121.6–125.4) 118.4 (116.9–119.8) 76.1 (74.9–77.3) 72.7 (71.8–73.7)

Range of mean values (R 2) 2.4 (19.9) 1.8 (26.1) 1.4 (10.3) 1.2 (15.1)

Age, BMI and non-dietary factors* P ¼ 0:47 P ¼ 0:08 P ¼ 0:59 P , 0:01
Meat eaters 125.6 (124.5–126.7) 119.7 (119.2–120.3) 77.4 (76.7–78.1) 73.7 (73.3–74.0)
Fish eaters 125.4 (123.6–127.3) 119.4 (118.6–120.2) 77.2 (76.1–78.4) 73.1 (72.6–73.6)
Vegetarians 125.9 (124.8–127.1) 120.1 (119.6–120.7) 77.4 (76.7–78.1) 74.0 (73.6–74.3)
Vegans 124.2 (122.2–126.1) 118.3 (116.8–119.7) 76.4 (75.2–77.7) 72.7 (71.8–73.6)

Range of mean values (R 2) 1.8 (21.6) 1.9 (26.4) 1.0 (11.5) 1.2 (15.2)

Age, BMI, non-dietary factors* and macronutrients† P ¼ 0:91 P ¼ 0:16 P ¼ 0:96 P ¼ 0:02
Meat eaters 125.3 (124.0–126.6) 119.4 (118.8–120.0) 77.1 (76.3–77.9) 73.5 (73.1–73.9)
Fish eaters 125.5 (123.7–127.3) 119.4 (118.6–120.6) 77.2 (76.1–78.4) 73.1 (72.6–73.6)
Vegetarians 125.9 (124.7–127.1) 120.3 (119.7–120.9) 77.4 (76.7–78.2) 74.0 (73.7–74.4)
Vegans 125.2 (122.8–127.6) 119.4 (117.8–121.1) 77.2 (75.7–78.8) 73.2 (72.2–74.2)

Range of mean values (R 2) 0.7 (22.9) 0.9 (26.8) 0.3 (12.2) 0.9 (15.5)

Age, BMI, non-dietary factors*, macronutrients† and micronutrients‡ P ¼ 0:66 P ¼ 0:21 P ¼ 0:86 P ¼ 0:02
Meat eaters 125.0 (123.7–126.3) 119.4 (118.8–120.0) 77.0 (76.1–77.8) 73.5 (73.1–73.9)
Fish eaters 125.7 (123.9–127.5) 119.4 (118.6–120.2) 77.3 (76.1–78.5) 73.1 (72.6–73.6)
Vegetarians 126.2 (124.9–127.4) 120.3 (119.7–120.9) 77.5 (76.7–78.3) 74.0 (73.6–74.4)
Vegans 125.2 (122.7–127.6) 119.5 (117.9–121.1) 77.3 (75.8–78.9) 73.1 (72.1–74.2)

Range of mean values (R 2) 1.1 (23.3) 0.9 (26.9) 0.6 (12.7) 0.9 (15.5)

P-values refer to tests of heterogeneity between the diet groups.
R 2 values denote the percentage of the variance in blood pressure about the mean ‘explained’ by each model.
* Alcohol intake and vigorous exercise for men, hormone exposure for women.
† Thirds of protein, carbohydrate, total fat, saturated fat and polyunsaturated fat (each as percentage of energy intake), energy, P/S ratio and NSP intake.
‡ Thirds of sodium (from food only), potassium, calcium and magnesium intakes.
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analysis of blood pressure measurements was restricted to

participants with no evidence of prior hypertension.

Several studies that have investigated the relationships

between vegetarian diets and blood pressure have shown

a lower blood pressure among vegetarians compared with

non-vegetarians7–10. Differences in adjusted mean blood

pressure between vegetarians and non-vegetarians in

these studies ranged from 5 to 10 mmHg systolic and from

2 to 8 mmHg diastolic. Further, two randomised crossover

trials in which participants followed a vegetarian diet for

six weeks showed reductions in blood pressure of 5–

6 mmHg systolic and 2–3 mm Hg diastolic compared with

their normal meat-based diet25,26. In our study, the

differences in age-adjusted mean blood pressure between

vegetarians and meat-eaters were much lower than this,

being no more than about 1 mm Hg systolic or diastolic

(Table 3). However, our vegan group, who do not eat any

animal products, had lower blood pressure than each of

the other diet groups including the vegetarians, who eat

dairy products and/or eggs. Beilin and Burke identified

vegetarian diets characterised by a relatively low intake of

saturated fat, a high P/S ratio and a high intake of dietary

fibre as being most clearly associated with a reduction in

blood pressure27. The nutrient intake of the vegans in our

study best matches these characteristics (Table 1).

In our study, vegetarian women had higher age-

adjusted mean blood pressure than did fish eaters. The

differences were much less than those found in a

comparison of fish-eating and vegetarian Bantu villagers

in Tanzania28, although the diets of Bantu villagers and

participants in our study are very different. However,

vegans, who do not eat any animal products, had the

lowest age-adjusted mean blood pressure of the four diet

groups. Therefore, an increased dietary intake of omega-3

fatty acids through the consumption of fish may not be

necessary for controlling blood pressure, as others have

recommended29. It is also interesting to note that the

vegans had only about half the calcium intake of the other

diet groups. An inadequate calcium intake has sometimes

been associated with higher blood pressures30, but others

have suggested that increasing calcium intake will be

generally ineffective in reducing blood pressure31.

However, the vegans did have the lowest intakes of

alcohol and sodium from food, and, importantly, the

lowest age-adjusted body mass index, factors likely to lead

to a reduction in blood pressure4,5. Indeed, 500

participants in a 12-day intervention study of a low-fat

vegan diet, combined with moderate exercise and stress

management, experienced a significant 6% reduction in

blood pressure32. The fact that sodium intake from food

was not associated with blood pressure in our study may

be because the food-frequency questionnaire was not

designed to provide an accurate estimate of sodium

consumption, and our results should not be interpreted as

evidence against the role of this nutrient in hypertension

management.

Our data show that much of the difference in blood

pressure between the diet groups may be explained by

differences in body mass index. After adjusting for age and

body mass index, the differences in mean blood pressure

between vegetarians and meat eaters were each less than

0.5 mm Hg for men and women respectively (Table 3).

These differences are much less than the differences of 5–

6 mmHg systolic and 3–4 mmHg diastolic after adjustment

for obesity found in a comparison of lacto-ovo-vegetarian

Seventh-day Adventists and Mormon meat eaters10.

Additional adjustment for non-dietary and macronutrient

factors further reduced the variation in mean blood

pressure, suggesting that dietary factors account for some

of the differences in blood pressure between the diet

groups. Precisely which dietary factors are responsible is

difficult to determine, as has been noted previously27,33. In

all probability a combination of factors is important,

although other non-dietary factors not considered here

might also play a role.

In summary, in a free-living Western population, non-

meat eaters, especially vegans, had a lower age-adjusted

prevalence of self-reported hypertension and a lower

blood pressure than did meat eaters. The differences were

largely attributable to the lower body mass index of the

non-meat eaters. Although relatively small, the differences

observed might be expected to confer worthwhile

reductions in the risks of stroke and coronary heart

disease among vegans and persons with a low intake of

animal products. Indeed, a collaborative analysis of

mortality in vegetarians and non-vegetarians showed that

vegetarians had a significant 24% lower death rate from

ischaemic heart disease and a non-significant 7% lower

death rate from cerebrovascular disease compared with

non-vegetarians34.
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Appendix – Mean (95% confidence interval) systolic and diastolic blood pressures in men and women with

no self-reported hypertension by alcohol and nutrient intakes and other relevant factors, each adjusted for

age and body mass index

Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

Factor Men Women Men Women

Alcohol (g ethanol day21) P , 0:0005 P ¼ 0:54 P , 0:005 P ¼ 0:24
, 1 122.6 (121.0–124.3) 120.0 (119.2–120.7) 75.7 (74.6–76.7) 73.5 (73.0–74.0)
1–9 125.6 (124.5–126.6) 119.5 (119.0–120.0) 77.3 (76.7–78.0) 73.5 (73.2–73.8)
10–19 125.5 (124.1–126.9) 120.0 (119.2–120.7) 77.3 (76.4–78.2) 73.7 (73.2–74.2)
20+ 127.6 (126.2–129.1) 120.2 (118.9–121.4) 78.3 (77.4–79.2) 74.3 (73.6–75.1)
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Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

Factor Men Women Men Women

Energy P , 0:01 P ¼ 0:06 P ¼ 0:09 P ¼ 0:08
Bottom third 124.0 (122.9–125.2) 119.2 (118.6–119.8) 76.7 (76.0–77.4) 73.3 (72.9–73.7)
Middle third 126.4 (125.2–127.5) 119.8 (119.2–120.3) 77.9 (77.1–78.6) 73.7 (73.4–74.1)
Top third 126.2 (125.1–127.4) 120.2 (119.6–120.8) 77.2 (76.4–77.9) 73.9 (73.5–74.2)

Protein (% energy) P ¼ 0:18 P ¼ 0:33 P ¼ 0:52 P ¼ 0:65
Bottom third 125.5 (124.4–126.7) 119.6 (119.0–120.2) 77.0 (76.2–77.7) 73.6 (73.3–74.0)
Middle third 126.3 (125.2–127.4) 120.1 (119.5–120.7) 77.6 (76.8–78.3) 73.7 (73.4–74.1)
Top third 124.7 (123.6–125.9) 119.5 (118.9–120.1) 77.2 (76.4–77.9) 73.5 (73.1–73.9)

Carbohydrate (% energy) P ¼ 0:01 P ¼ 0:42 P ¼ 0:16 P ¼ 0:31
Bottom third 126.3 (125.2–127.5) 119.9 (119.3–120.5) 77.6 (76.8–78.3) 73.9 (73.5–74.2)
Middle third 126.2 (125.0–127.3) 119.9 (119.3–120.5) 77.5 (76.8–78.2) 73.6 (73.2–73.9)
Top third 124.1 (122.9–125.2) 119.4 (118.8–120.0) 76.7 (75.9–77.4) 73.5 (73.1–73.8)

Total fat (% energy) P ¼ 0:99 P ¼ 0:42 P ¼ 0:87 P ¼ 0:75
Bottom third 125.6 (124.4–126.7) 119.7 (119.1–120.3) 77.1 (76.4–77.9) 73.7 (73.3–74.0)
Middle third 125.6 (124.4–126.7) 119.5 (118.9–120.1) 77.4 (76.7–78.1) 73.5 (73.1–73.9)
Top third 125.5 (124.3–126.6) 120.0 (119.4–120.6) 77.2 (76.5–78.0) 73.7 (73.3–74.1)

Saturated fat (% energy) P ¼ 0:03 P , 0:005 P ¼ 0:11 P ¼ 0:06
Bottom third 124.4 (123.2–125.5) 119.2 (118.6–119.8) 76.6 (75.9–77.3) 73.5 (73.1–73.8)
Middle third 125.5 (124.4–126.7) 119.3 (118.8–119.9) 77.5 (76.8–78.2) 73.4 (73.1–73.8)
Top third 126.7 (125.5–127.8) 120.6 (120.1–121.2) 77.6 (76.9–78.4) 74.0 (73.6–74.4)

Polyunsaturated fat (% energy) P ¼ 0:06 P ¼ 0:94 P ¼ 0:27 P ¼ 0:59
Bottom third 126.6 (125.5–127.8) 119.8 (119.2–120.4) 77.6 (76.9–78.4) 73.8 (73.4–74.1)
Middle third 124.7 (123.6–125.9) 119.7 (119.2–120.3) 76.8 (76.1–77.5) 73.6 (73.3–74.0)
Top third 125.2 (124.1–126.4) 119.7 (119.1–120.2) 77.3 (76.6–78.0) 73.5 (73.1–73.9)

P/S ratio P ¼ 0:01 P ,0.005 P ¼ 0:07 P ¼ 0:02
Bottom third 126.9 (125.8–128.1) 120.2 (119.6–120.8) 77.8 (77.1–78.6) 73.8 (73.5–74.2)
Middle third 125.1 (123.9–126.2) 120.1 (119.6–120.7) 77.3 (76.6–78.0) 73.9 (73.5–74.2)
Top third 124.6 (123.4–125.8) 118.8 (118.2–119.4) 76.6 (75.9–77.4) 73.2 (72.8–73.6)

NSP P ¼ 0:77 P ¼ 0:34 P ¼ 0:23 P ¼ 0:44
Bottom third 125.9 (124.7–127.0) 120.1 (119.5–120.7) 77.7 (76.9–78.4) 73.8 (73.4–74.2)
Middle third 125.3 (124.2–126.5) 119.5 (118.9–120.1) 77.3 (76.5–78.0) 73.5 (73.1–73.9)
Top third 125.4 (124.2–126.5) 119.6 (119.0–120.2) 76.8 (76.0–77.5) 73.6 (73.2–73.9)

Sodium (from food only) P ¼ 0:14 P ¼ 0:32 P ¼ 0:69 P ¼ 0:19
Bottom third 125.0 (123.8–126.1) 119.5 (118.9–120.0) 77.4 (76.6–78.1) 73.4 (73.0–73.7)
Middle third 125.1 (124.0–126.3) 119.7 (119.1–120.3) 77.0 (76.2–77.7) 73.7 (73.3–74.0)
Top third 126.5 (125.3–127.6) 120.1 (119.5–120.7) 77.4 (76.6–78.1) 73.8 (73.5–74.2)

Potassium P ¼ 0:47 P ¼ 0:06 P ¼ 0:70 P ¼ 0:17
Bottom third 125.0 (123.8–126.1) 119.9 (119.3–120.5) 77.4 (76.7–78.2) 73.5 (73.2–73.9)
Middle third 125.6 (124.4–126.7) 119.2 (118.6–119.8) 77.0 (76.3–77.7) 73.4 (73.1–73.8)
Top third 126.0 (124.9–127.2) 120.2 (119.6–120.7) 77.3 (76.6–78.0) 73.9 (73.5–74.3)

Calcium P ¼ 0:30 P ¼ 0:02 P ¼ 0:49 P ¼ 0:13
Bottom third 124.9 (123.7–126.0) 119.1 (118.5–119.7) 76.9 (76.2–77.6) 73.3 (72.9–73.7)
Middle third 126.1 (125.0–127.3) 119.9 (119.3–120.5) 77.5 (76.8–78.3) 73.7 (73.4–74.1)
Top third 125.6 (124.4–126.7) 120.3 (119.7–120.9) 77.3 (76.6–78.1) 73.8 (73.5–74.2)

Magnesium P ¼ 0:89 P ¼ 0:97 P ¼ 0:19 P ¼ 0:50
Bottom third 125.7 (124.5–126.8) 119.7 (119.1–120.3) 77.8 (77.1–78.5) 73.5 (73.1–73.8)
Middle third 125.3 (124.1–126.4) 119.7 (119.1–120.3) 77.1 (76.3–77.8) 73.6 (73.3–74.0)
Top third 125.6 (124.5–126.8) 119.8 (119.2–120.4) 76.9 (76.1–77.6) 73.8 (73.4–74.1)

Salt added while cooking P ¼ 0:04 P ¼ 0:08 P ¼ 0:06 P ¼ 0:11
Rarely or never 124.7 (123.7–125.6) 119.5 (119.0–120.0) 76.7 (76.1–77.4) 73.4 (73.1–73.7)
Sometimes 126.8 (125.2–128.4) 119.4 (118.6–120.2) 78.1 (77.1–79.1) 73.5 (73.0–74.0)
Usually or always 126.0 (124.9–127.1) 120.3 (119.7–120.8) 77.5 (76.8–78.2) 73.9 (73.6–74.3)

Salt added at the table P ¼ 0:32 P ¼ 0:37 P ¼ 0:09 P ¼ 0:73
Rarely or never 125.4 (124.5–126.2) 119.5 (119.1–120.0) 76.9 (76.3–77.4) 73.6 (73.3–73.8)
Sometimes 125.0 (123.4–126.5) 120.1 (119.4–120.8) 77.8 (76.8–78.8) 73.8 (73.3–74.2)
Usually or always 126.5 (125.0–127.9) 120.0 (119.1–120.8) 77.9 (77.0–78.8) 73.7 (73.2–74.2)

Physical activity at work P ¼ 0:06 P ¼ 0:93 P ¼ 0:03 P ¼ 0:37
Not working 125.0 (123.6–126.4) 119.7 (119.0–120.3) 76.9 (76.0–77.8) 73.5 (73.1–73.9)
Sedentary 126.7 (125.6–127.8) 119.8 (119.2–120.4) 78.0 (77.3–78.8) 73.9 (73.5–74.2)
Active 124.9 (123.6–126.2) 119.8 (119.2–120.4) 76.7 (75.9–77.5) 73.6 (73.2–73.9)

Vigorous exercise P , 0:0001 P ¼ 0:22 P , 0:001 P ¼ 0:59
Yes 124.7 (123.9–125.4) 119.5 (119.1–119.9) 76.8 (76.3–77.3) 73.6 (73.3–73.8)
No 128.2 (126.8–129.6) 120.0 (119.4–120.7) 78.6 (77.8–79.5) 73.7 (73.3–74.1)

Parity P ¼ 0:14 P ¼ 0:06
None – 120.0 (119.4–120.6) – 74.0 (73.6–74.4)
1–2 – 119.8 (119.3–120.3) – 73.4 (73.1–73.8)
3 or more – 119.0 (118.1–119.8) – 73.3 (72.8–73.8)
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Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

Factor Men Women Men Women

Hormone exposure* P , 0:0001 P ¼ 0:02
Never – 121.5 (120.7–122.3) – 74.2 (73.7–74.7)
Former – 119.0 (118.6–119.5) – 73.3 (73.1–73.6)
Current – 119.8 (119.1–120.6) – 73.8 (73.3–74.3)

Smoked cigarettes in 24 h prior to BP measurement P ¼ 0:87 P ¼ 0:16 P ¼ 0:13 P ¼ 0:49
Yes 125.3 (122.5–128.0) 118.8 (117.5–120.1) 75.9 (74.1–77.7) 73.4 (72.5–74.2)
No 125.5 (124.8–126.2) 119.8 (119.4–120.2) 77.3 (76.9–77.8) 73.7 (73.4–73.9)

Took medication† prior to BP measurement P ¼ 0:39 P ¼ 0:48 P ¼ 0:74 P ¼ 0:82
Yes 125.5 (124.4–126.5) 120.1 (119.7–120.6) 77.2 (76.5–77.9) 73.8 (73.5–74.1)
No 126.1 (125.1–127.1) 119.9 (119.2–120.5) 77.4 (76.7–78.0) 73.9 (73.5–74.3)

Receiving long-term treatment for illness P ¼ 0:38 P ¼ 0:13 P ¼ 0:70 P ¼ 0:20
Yes 125.0 (123.6–126.4) 119.3 (118.6–119.9) 77.4 (76.5–78.3) 73.4 (73.0–73.8)
No 125.7 (125.0–126.4) 119.9 (119.5–120.3) 77.2 (76.7–77.7) 73.7 (73.4–73.9)

P-values refer to tests of heterogeneity between the categories.
BP – blood pressure.
*Oral contraceptives or hormone replacement therapy.
†Includes prescription medicines, over-the-counter medicines and nutritional supplements.
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