Blood rheology in vegetarians
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1. Blood rheology has been quantified by measuring blood and plasma viscosity, packed cell volume (PCV),
erythrocyte filterability and erythrocyte aggregation in forty-eight voluntary vegetarians and compared with
matched controls.
2. Results show that in vegetarians, values for PCV were lower than those in controls, leading to reduced native
blood viscosity. In addition PCV-standardized blood viscosity was also decreased. This was brought about mostly
by lower plasma viscosity. Erythrocyte rheology seemed to be unaltered. Stricter avoidance of animal products
was associated with even lower values for these indices.
3. These observations are in agreement with the fact that other low-cardiovascular-risk groups show better than
average blood fluidity. They are consistent with the hypothesis that in vitro measurements of blood rheology may
provide signs of early atherosclerotic changes in vivo.

Blood is a complex fluid comprising cells and plasma. As such it exhibits complex
rheological behaviour (Chien, 1975). Its viscosity is not a constant like that of simple
Newtonian fluids, but it is a function of shear forces acting upon blood. This phenomenon,
often referred to as ‘structural viscosity’, is essentially caused by the presence and relative
amount of erythrocytes (packed cell volume; PCV), the viscosity of plasma (greatly
influenced by macroproteins such as fibrinogen) and the micro-rheological behaviour of
blood cells (cell aggregation and deformability).
While such considerations could be largely academic, they gain importance on realization
that blood rheology is shown to be abnormal in the presence of virtually all accepted
cardiovascular risk factors, e.g. hypertension (Letcher & Chien, 198l), hyperlipoproteinaemia (Lowe, 1982), smoking (Norton & Rand, 1981), diabetes (Barnes et al. 1977), obesity
(Weihmayr et al. 1984), lack of physical exercise (Ernst, 19856) and psychoemotional stress
(Ernst et al. 1984). Similarly it has been shown that in groups with reduced cardiovascular
risk, one or more haemorheological factors are ‘better than normal’, e.g. in young females
(Kannel et al. 1976), slightly anaemic persons (White, 1958) and sportsmen (Ernst, 1985b).
It has been repeatedly reported that vegetarians are associated with a relative reduction
of cardiovascular risk factors compared with groups of omnivorous individuals (Keyes et
al. 1965; West & Hayes, 1968; Sacks et al. 1974, 1981; Burslem et al. 1978; Carroll, 1978;
Stamler, 1980; Knuiman & West, 1982; Rottka & Thefeld, 1984). Also it is known that
PCV is lower in vegetarians (Dong & Scott, 1982). Other factors, important for the
rheological properties of blood, however, have not been investigated. The present paper
aims to provide further information in this area.

MATERIAL A N D METHODS

Forty-eight vegetarians (twenty-four women and twenty-four men) with an average age of
29 (18-54) years and a history of 3.5 (0.3-17) years of vegetarianism were examined.
Vegetarian sub-groups were also studied. One sub-group consisted of five individuals
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renouncing all animal products (vegan-group), another of twenty-eight persons who did
consume eggs, milk and milk products (ovo-lacto-vegetarians) and another of fifteen
volunteers who ate some meat (on rare occasions) less than once a week (semi-vegetarians).
The control group was composed of twelve women and twenty-nine men (average age 3 1
(20-54) years) following a normal Western European omnivorous diet. All volunteers
(vegetarians and controls) were healthy according to medical history and routine laboratory
check-up. None of them was taking any medication (including contraceptive hormones) 3
weeks before testing. To minimize the possibility of hormonal influences, women were
always tested on day 10 of their menstrual cycle.
Blood sampling was performed as follows. The volunteer had been lying on a bed for
at least 10 min. Subsequently a 19 G needle was inserted into an antecubital vein and 20 ml
blood were drawn into a pre-heparinized syringe without venous occlusion and with
minimal suction. This technique was shown to avoid possible sampling artifacts due to
posture and occlusion time (Matrai & Ernst, 1985).
The indices tested were: blood viscosity at two defined shear stresses within the
physiological range, using a rotational instrument at both native and standardized (0.45)
PCV at 37" (Davenport & Roath, 1982); plasma viscosity in a capillary viscometer
(Harkness, 1963); erythrocyte filterability (as a measure of deformability) by Nucleopore
(5 pm pores) filtration (Dodds et al. 1979); erythrocyte aggregation using an automated
transparent cone-and-plate viscometer (Schmid-Schonbein et al. 1982); and yield stress by
stress-controlled viscometry (Davenport & Roath, 1982). All rheological tests were
performed in duplicate. In the vegetarian group a number of additional indices were
examined: fibrinogen (Clams, 1957), triglycerides, cholesterol, blood count, total serum
protein, plasma iron, ferritin and thrombocyte count were all determined by standard
methods (Winthrobe, 1965). Blood pressure and heart rate were taken after the volunteers
had been lying on a bed for 10 min.
Statistical analysis was performed by Student's t test when data were distributed
normally, otherwise by the Mann-Whitney test (Weber, 1980). The null hypothesis was
rejected when P < 0.05.

RESULTS

Table 1 summarizes the comparisons between the vegetarian and the control groups. The
former were associated with significantly lower systolic and diastolic blood pressure, PCV,
blood viscosity native and at standardized PCV (the latter only at low shear stress) and
plasma viscosity. Indices describing erythrocyte rheology (aggregation and filterability) and
yield stress did not differ significantly. Table 2 shows the additional tests performed in the
vegetarian group only. Although mean values are all within the normal range, it is evident
that platelet count, plasma Fe, ferritin, triglycerides and cholesterol were at the lower limit
of normal.
Results were also analysed to detect possible differences within the vegetarian group
according to the strictness of the diet. Only ovo-lacto-and semi-vegetarians were compared
in this manner since the vegan group was too small (n 5) for statistical analysis. Table 3
shows that in the ovo-lacto-vegetarians, systolic blood pressure, cholesterol, PCV, standardized high shear blood viscosity and plasma viscosity were significantly lower, compared
with semi-vegetarians.
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Table 1 . Comparison of experimental blood indices in vegetarian (n 48) and control ( n 41)
subjects
(Mean values and standard deviations)
Vegetarians
Index

BP (mmHg)
Systolic
Diastolic
Packed cell volume

P
6
By1 (mPa/s)
Bq2 (mPa/s)
st Bql (mPa/s)
st Bq2 (mPa/s)
Pq (mPa/s)
RCF
RCA
YS (N/m2)

Mean
110**
73**
0.410**
0.463**
6.2**
4.1**
64**
4.2
1.16*
0.70
12.4
0.2

Controls
SD

9.2
7.3
0.024
0.025
1.3
0-6
1.1

0.5
0.04
0.10
4.0
0.1

Mean
126
80
0.424
0.476
7.7
4.5
7.2
4.3
1.18
0-68
11.8
0.1

SD

12.0
9.1
0.032
0.026
2.5
0.7
1.7
0.4
0.05
0.15
3.0
0.1

___

BP, blood pressure; Bv, blood viscosity at shear stresses of (1) 1.7 and (2) 16.8 N/m2; st, standardized packed
cell volume of 0.45; Pv, plasma viscosity; RCF, erythrocyte filterability ; RCA, erythrocyte aggregation; YS, yield
stress.
* P < 0.05, ** P < 0.01.

Table 2. Results of tests performed on vegetarian subjects only

-_

Index

Mean

Range

4.4
4.9

4.0-5.0
44-5.5

-~

SD

Normal range

Erythrocyte ( x 106/mm3)

0
6

0.3
0.3

4'2-5'4
46-6.2

Haemoglobin (g/l)

0

6
MCV (,urn3)
Leucocyte count ( x 103/mm3)
Platelet count ( x 103/mm3)
Fibrinogen (mg/l)
Plasma iron (,ug/l)
Ferritin (,ug/l)
Total serum protein (g/l)
Triglycerides (mg/l)
Cholesterol (mg/l)

129
149
87.5
5.3
185.8
2319
893
537
69
889
1838

106-147
131-1 62
72-95
3.47.9
98-286
1300-3700
130-1660
50-2400
61-75
310-2090
1260-2530

MCV, mean corpuscular volume.

10

9
4.7
1.3
41.8
49 1
367
502
3
39 1
339

120-160
140-180
80-97
3.5-1 1.0
150-390
1500-3000
800-1800
300-3000
65-85
500-2000
1500-2600
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Table 3. Statistically signijicant diflerences between vegetarian sub-groups: ovo-lacto
(n 28) v. semi-vegetarians (n 15)
(Mean values and standard deviations)

Ovo-lacto-vegetarians
Indices
BP, systolic (mmHg)
Packed cell volume

?

6
st B72 (mPa/s)
p7 (mPa/s)
Cholesterol (mg/l)

Semi-vegetarians

Mean

SD

Mean

SD

109**

7.7

115

9.8

0.399*
0.458*
4.15**
1.15**

1620**

0.017
0.026
0.07
0.04
410

0.436
0.476
4.19
1.18
2050

0.023
0.019
0.15
0.04
290

BP, blood pressure:st B72, blood viscosity at a shear stress of 16.8 N/m2 at a standardized packed cell volume
of 0.45; PI,plasma viscosity.
* P < 0.05, ** P < 0.01.

DISCUSSION

Our findings suggest that blood rheology in vegetarians differed from that of omnivorous
controls. This difference exceeded the one caused by lower PCV values (Dong & Scott,
1982). Blood viscosity standardized for a PCV of 0.45 and plasma viscosity also differed
significantly. As such the haemorheological difference was most likely to be caused by
several factors: low PCV, marginally increased erythrocyte filterability (not significant)
and possibly modified plasma protein pattern leading to reduced plasma viscosity. Macroproteins, especially fibrinogen, determine the viscosity of plasma and induce erythrocyte
aggregation (Chien, 1975). Fibrinogen has been shown to be unchanged by vegetarianism
(Haines et al. 1980) or a high-carbohydrate ‘prudent’ diet (Elkeles et al. 1980). The present
results confirm that fibrinogen levels were normal in vegetarians (Table 2), hence other
macroproteins with strong effects on blood rheology such as IGM or a-2-macroglobulin
could be involved. An additional effect on plasma viscosity could be exerted by plasma
lipids.
The results confirm findings by Sacks et al. (1974) of lower blood pressure in vegetarians.
The analysis of vegetarian sub-groups showed that strict avoidance of animal products was
indeed associated with lower blood pressure and lower cholesterol levels as well as with
higher blood fluidity. This seems to implicate a dose-effect relation, suggesting that these
blood changes are in fact caused by vegetarianism.
Controls and vegetarians did not differ in terms of smoking habits, age, sex distribution,
average physical activity (evaluated by questionnaire) or psychoemotional stress level
(evaluated by self-rating scale); factors that have been shown to influence blood rheology
.
the two groups differed marginally but significantly in terms of
(Ernst, 1 9 8 5 ~ )However,
average weight (Broca-index 0.9 (SD0.09) vegetarians, 1.0 (SD 0.14) controls). Although it
has recently been demonstrated that haemorheological abnormalities occur in cases of
extreme obesity, possibly in connexion with elevated fibrinogen levels (Weihmayr et al.
1984), there seems to be no link between body-weight and blood rheology when the excess
weight is less severe (Volger, 1980). Hence it is unlikely that the slight difference in average
weight contributes markedly to the present results. There can be no doubt, however, that
vegetarianism is not confined to eating habits. Most certainly, voluntary vegetarians differ
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from controls in their attitudes towards many aspects of life and health. The vegetarians
investigated in the present study represented a highly selected population. To what extent
this fact influenced the findings cannot be answered at present.
Table 2 shows that values of a number of indices were found to be in the lower normal
range in vegetarians. In the case of platelet count, fibrinogen and lipids, low values might
contribute to or be the expression of the enhanced overall health of vegetarians (Burkitt
et al. 1974; Turner, 1979; Burr & Sweetnam, 1982). Contrary to widespread medical
opinion, this might also apply to haemoglobin and related variables (Kannel et al. 1972;
Sorlie et al. 1981; Carter et al. 1983).
What is the biological relevance of ‘better than normal ’ blood fluidity in vegetarians?
Possibly it reflects the lower cardiovascular risk of vegetarians. Recently it has been shown
that vegetarianism (Arntzenius et al. 1985) or the increase of vegetable products into an
omnivorous diet (Kushi et al. 1985) does in fact lead to a decrease in cardiovascular risk.
As mentioned previously, there is an intriguing association between cardiovascular risk and
blood rheology (White, 1958; Kannel et al. 1976; Barnes et al. 1977; Letcher & Chien, 1981;
Norton & Rand, 1981; Lowe, 1982; Ernst et al. 1984; Weihmayr et al. 1984; Ernst,
1985a,b). According to our hypothesis (Ernst et al. 1986) similar phenomena on cell surfaces
affect both the blood cells and the endothelium, leading to changes in blood fluidity as well
as early atherosclerotic changes. Hence haemorheological tests may provide a picture of
early atherosclerotic changes taking place within the affected blood vessels. Such information is particularly valuable as it can be obtained in a non-invasive way and is not available
by any other known diagnostic tool. From this point of view the ‘better than normal’ blood
rheology in vegetarians should be a consequence and not a cause of their relatively low risk.
With the present popularity of vegetarianism in Western countries this complex problem
is worth further investigation.
REFERENCES

Arntzenius, A. C., Kromhout, D. & Barth, J. D. (1985).New England Journal of Medicine 312,805-808.
Barnes, A. J., Locke, P., Scudder, P. R., Dormandy, T. L., Dormandy, J. A. & Slack, J. (1977).Lancet U, 789-792.
Burkitt, D. P., Walker,A. R. P.&Painter,N. S. (1974).JournaloftheAmericanMedicalAssociation229,1068-1070.
Burr, M.L. & Sweetnam, P.M. (1982).American Journal of Clinical Nutrition 36, 873-877.
Burslem, J., Chonfeld, G., Howald, M. A., Weidman, S. W. & Miller, J. P.(1978).Metabolism 27, 71 1-719.
Carroll, K.K. (1978).Nutrifional Review 36, 1-5.
Carter, Ch., McGee, D., Reed, D., Yano, K. & Stemmermann, P. (1983). American Heart Journal 105,674-678.
Chien. S. (1975).In The Red Blood Cell, vol. 2,pp. 1031-1 132 [D. M. Surgenor, editor]. New York: Academic
Press.
Clauss, A. (1957).Acta Haematologica 17, 231-242.
Davenport, P.& Roath, S. (1982).Clinical Hemorheology 2, 387-392.
Dodds, A. J., Flute, P., Dormandy, J . & Cotton, T. L. (1979).British Medical Journal 280, 1186-1189.
Dong, A. & Scott, S. C. (1982).Annals of Nutrition Metabolism 26, 209-216.
Elkeles, R. S., Chakrabarti, R., Vickers, M., Stirling, Y. & Meade, T. W. (1980).British Medical Journal 281,
913-974.
Ernst, E. (1985a). Hamorheologie - Klinisch-therapeutische Aspekte unter besonderer Beriicksichtigung der
physikalischen Medizin. PhD Thesis, Munich University.
Ernst, E. (19856).Journal of the American Medical Association 253,2962-2963.
Ernst, E., Baumann, M. & Matrai, A. (1984).Clinical Hemorheology 4, 423429.
Ernst, E.,Weihmayr, T., Schmid, M., Baumann, M. & Matrai, A. (1986).Atherosclerosis 59,263-269.
Fraser, G. E. & Swannell, R. J. (1981).Journal of Chronic Diseases 34, 487-501.
Haines, A. P., Chakrabarti, R., Fisher, D., Meade, T. W., North, W. R. S. & Stirling, Y. (1980). Thrombosis
Research 19, 139-148.
Harkness, J. (1963).Lancet U, 28&283.
Kannel, W. B., Gordon, T., Wolf, P. A. & McNamara, T. (1972).Stroke 3,409415.
Kannel, W. B., McNamara, T. & Hjortland, P. M. (1976).Annals of Internal Medicine 85, 447452.
Keyes, A., Anderson, J. & Grande, F.(1965).Metabolism 14, 747-158.
Knuiman, J. T.& West, C. E. (1982).Atherosclerosis 43,71-82.

Downloaded from https://www.cambridge.org/core. IP address: 3.234.210.89, on 23 Nov 2019 at 02:04:57, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19860136

Blood rheology in vegetarians

E. ERNSTA N D

OTHERS

Kushi, L. H., Lew, R. A. & Stare, F. J. (1985). New England Journal of Medicine 312, 811-815.
Letcher, R., & Chien, S. (1981). American Journal of Medicine 70, 1195.
Lowe, G. D. 0. (1982). Lancer i, 472475.
Matrai, A. & Emst, E . (1985). British Medical Journal 290, 934-935.
Norton, J. M. & Rand, P. W. (1981). Blood57, 671-673.
Rottka, H . & Thefeld, W. (1984). Aktuelle Ernahrung 9, 209-216.
Sacks, F. M., Donner, A., Castelli, W. P., Gronemeyer, J., Pletka, P., Margolius, H. S., Landsberg, L. & Kass,
E. H . (1981). Journal of rhe American Medical Association 246, 640-644.
Sacks, F. M., Rosner, B. & Kass, E. H. (1974). American Journal of Epidemiology 100, 390-398.
Schmid-Schonbein, H., Volger, E. & Heilmann, E. (1982). Clinical Hemorheology 2, 93-1 12.
Sorlie, P. D., Garcia-Palmiere, M. R., Costas, R. & Havlik, R. J. (1981). American Heart Journal 101, 4 5 H 6 2 .
Stamler, J. (1980). Acta Medica Scandinavica 207, 433446.
Turner, R. W. D. (1979). British Medical Journal 281, 613-615.
Volger, E. (1980). Experimentelle und klinische Untersuchungen iiber die Rheologie des Blutes bei kardiovaskularen Erkrankungen und deren Risikofaktoren. PhD Thesis. Technical University, Munich.
Weber, E. (1980). GrundriJ der biologischen Staristik. Stuttgart: G. Fischer.
Weihmayr, Th., Ernst, E. & Matrai, A. (1984). Klinische Wochenschrifi 62, 990.
West, R. 0. & Hayes, 0. B. (1968). American Journal of Clinical Nutrition 21, 853-862.
White, P. D. (1958). New England Journal of Medicine 258, 35-39.
Winthrobe, M . M. (1965). Clinical Hematology, 5th ed. Philadelphia: Lea & Febiger.

Printed in Great Britain

Downloaded from https://www.cambridge.org/core. IP address: 3.234.210.89, on 23 Nov 2019 at 02:04:57, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19860136

560

