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Introduction
Various epidemological studies have investigated the
possible associations between blood rheology (i.e. hae-
matological characteristics that could influence blood
flow) and coronary heart disease rates[1,2]. Some
involved whole blood viscosity (i.e. bulk blood’s intrin-
sic resistance to flow), but most involved its major
determinants: haematocrit, plasma viscosity, and red cell
aggregation (as indicated by the erythrocyte sedi-
mentation rate) (Table 1). There is an elevated risk of
occlusive vascular disease in patients with poorly
controlled polycythaemia (in whom the haematocrit
is markedly elevated)[3], and both prospective and retro-
spective epidemiological studies of the general popu-
lation have reported some association between
determinants of blood rheology and coronary heart
disease risk.

Prospective epidemiological studies, in which cor-
onary heart disease events are recorded for some years
after ‘baseline’ blood collection, should be less prone to
bias than retrospective epidemiological studies because
they limit the influence of pre-existing disease itself on
the factors being investigated. This should still be the
case even in long-term prospective studies among
patients with previous vascular disease since, in such
studies, subsequent ‘cases’ are compared with ‘controls’
with similar disease at baseline selected from within the
same study. Hence, to help determine whether there
is any real association between coronary heart disease
and various measures of blood rheology, we report a
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systematic overview (meta-analysis) of the available
evidence from published prospective epidemiological
studies of these factors.
Methods
Search methods and data abstraction

Prospective studies published before mid-1998 that
reported on correlations between coronary heart disease
death or non-fatal myocardial infarction and haemato-
crit, viscosity, or erythrocyte sedimentation rate were
sought by MEDLINE searches, scanning of relevant
reference lists, hand searching of cardiology, epidemiol-
ogy, and other relevant journals, and by correspondence
with the authors of such reports. Computer searches
used combinations of key words relating to these blood
factors (viscosity, h(a)ematocrit, erythrocyte sedimen-
tation rate, ESR) and to fatal coronary heart disease or
myocardial infarction (e.g. coronary heart disease, is-
ch(a)emic heart disease, myocardial infarction, athero-
sclerosis, vascular disease). Articles published in
languages other than English were to be translated, and
all relevant studies identified were included[4–30]. The
following were abstracted (or, in several cases, supplied
by the original investigators): geographical location of
study; size and type of cohort (i.e. population based or
selected on the basis of previous vascular disease); mean
age and follow-up duration; assay methods; and degree
of adjustment for potential confounders. Adjustment as
shown in the figures is denoted[31] as + for age and sex
only; + + for these plus smoking; + + + for these plus
some other standard vascular risk factors; + + + + for
these plus markers of social class; and + + + + + for
these plus information on chronic disease at baseline.
Revision submitted 7 May 1999, and accepted 12 May 1999.
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Statistical methods
Different studies reported risk ratios on the basis of
different cut-off levels (including comparisons of thirds,
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quarters, fifths, etc.), or as increases in risk for a given
increase in the relevant factor. The risk ratios derived[31]

from such publications for this review compare individ-
uals in the top third vs those in the bottom third of
baseline measurements, assuming an approximately log-
linear association with disease risk over the mid-range of
baseline values. Summary estimates of the risk ratios
from all studies for each factor were obtained by com-
bining the separate estimates of inverse-variance-
weighted log risk ratios from each study. This was done
even when different studies used different assay methods,
since cases were compared directly only with controls
within the same studies.

In the figures, black squares indicate risk ratios for
each study, with the area of the square proportional to
the number of cases. Horizontal lines indicate con-
fidence intervals (CIs), with 99% CIs used for the
individual study results to make some allowance for the
increased scope for the play of chance in multiple
comparisons. Diamonds are used to indicate the overall
risk ratios and their 95% CIs. Heterogeneity was as-
sessed by standard chi-squared tests. Most of the pub-
lished studies related coronary heart disease risk to
measurements of these factors made only at baseline,
even though the levels of each factor can fluctuate
markedly within individuals over time. Hence, estimates
of the ‘self-correlation coefficients’ between measure-
ments of the factor in blood samples collected some
years apart have been used to correct for this ‘regression
dilution’[32,33], suggesting associations of disease risk
with long-term usual levels of each factor that are
substantially stronger than the corresponding associ-
ations with just a single baseline measurement of it
(Table 1).
Results
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Population-based

Pre-existing vascular disease

Type of cohort
and source

No. of
cases

Degree of
adjustment

Risk ratio and confidence limits
(top third vs bottom third)

99% or 95% limits

1·16 (95% CI 1·05 to 1·29)

1·81 (95% CI 1·19 to 2·76)

+++438Cullen et al, 1983

+++230Meade et al, 1997

Figure 1 Prospective studies of haematocrit and coronary heart disease.
Haematocrit

Nineteen prospective studies of haematocrit and cor-
onary heart disease were identified (including three in
patients with myocardial infarction[21,22] or peripheral
vascular disease[23]), involving a total of 9182 cases with
a weighted mean age at baseline of 55 years and a
weighted mean follow-up of 16 years (Fig. 1)[4–23]. The
studies were conducted in Australia[17,18], Finland[9],
Hawaii[10], Japan[13], the Netherlands[19], Norway[14],
Puerto Rico[11], the United Kingdom[4,6,12,15,16,20,22,23],
and the U.S.A.[5,7,8,21]. All used standard assay methods
(such as microhaematocrit measurements[34] or blood
cell counters) and adjusted for at least age and sex, and
most adjusted for smoking and lipids. There was no
significant heterogeneity between the 19 study results
(�2

18=18·2; P>0·1), although there was some indication
of a more extreme risk ratio in the studies of people with
pre-existing vascular disease (�2

1=4·3; P=0·04).
In principle, some heterogeneity could be caused by

the preferential publication of small studies with striking
findings (i.e. publication bias[35]), but in practice little
Eur Heart J, Vol. 21, issue 7, April 2000
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difference is made either to the overall result or to the
evidence of heterogeneity by restricting attention to just
the seven studies of the general population that involved
more than 400 cases. The results from these larger
studies had all been adjusted for at least smoking and
other standard risk factors (Fig. 1). Together they
involved 6620 cases, or about four-fifths of the total, and
there was no strong evidence of heterogeneity among
them (�2

6=4·4; P>0·1). Overall, in these seven studies
comparison of the top third vs the bottom third of
baseline haematocrit yielded a risk ratio of 1·13 (95% CI
1·02–1·25; 2P<0·05), which is similar to the overall risk
ratio in all 16 population-based studies of 1·16 (95% CI
1·05–1·29: Fig. 1). The estimated usual mean haemat-
ocrit values in the top and bottom thirds were 46·3% and
41·7%, respectively, after correction for regression dilu-
tion (Table 1). Subdivision of the published results on
coronary heart disease and haematocrit (and the other
haematological factors described in this review) by poss-
ibly relevant characteristics, such as study location, sex,
and fatal non-fatal coronary heart disease, is not poss-
ible because the data are too sparse, or reported in
insufficient detail, or both.
Plasma viscosity and blood viscosity

Six prospective studies of plasma viscosity and coronary
heart disease were identified (including two in patients
with myocardial infarction[26] or peripheral vascular
disease[23]), involving a total of 1629 cases with a
weighted mean age at baseline of 58 years and a
weighted mean follow-up of 6 years (Fig. 2)[6,16,23–26].
The studies were conducted in Germany[25] and the
United Kingdom[6,16,23,24,26]. All but one[26] used capil-
Eur Heart J, Vol. 21, issue 7, April 2000
lary viscometers (which are more accurate than ro-
tational viscometers[2]) and all adjusted for at least age
and sex. There was no significant evidence of heterogen-
eity among the published studies (�2

5=4·5; P>0·1). Over-
all, in the four studies of the general population,
comparison of individuals with plasma viscosity values
in the top third with those in the bottom third at baseline
yielded a risk ratio of 1·57 (95% CI 1·34–1·85;
2P<0·0001, Fig. 2). After correction for regression dilu-
tion, the estimated mean usual plasma viscosity values in
these two groups were 1·37 and 1·27 mPa . s, respectively
(Table 1). Additionally, blood viscosity measure-
ments[15,16] or calculations[6] were made by viscometry in
two of these studies, involving a total of 657 cases with
a weighted mean age of 57 years and a weighted mean
follow-up of 5 years. There was no evidence of hetero-
geneity between these two published studies (�2

1=0·1;
P>0·1), and a combined analysis for blood viscosity of
individuals in the top third with those in the bottom
third at baseline yielded a risk ratio of 1·24 (95% CI
0·74–2·10; P>0·1). After adjustment, the estimated
mean usual blood viscosity values in these two groups
were 3·8 and 3·0 mPa . s (Table 1).
80·5 421
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––50Tibblin et al, 1975

+++176Bottiger et al, 1980

+++++1462Gillum et al, 1995

351Subtotal

+117Smith et al, 1998
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1·33 (95% CI 1·15 to 1·54)

1·57 (95% CI 1·34 to 1·85)

2·60 (95% CI 1·64 to 4·12)

1278Subtotal

Figure 2 Prospective studies of coronary heart disease and viscosity or erythrocyte sedimentation rate.
Erythrocyte sedimentation rate

Four population-based prospective studies of erythro-
cyte sedimentation rate and coronary heart disease were
identified, involving a total of 1703 cases with a weighted
mean age at baseline of 61 years and a weighted mean
follow-up of 14 years (Fig. 2)[27–30]. The studies were
conducted in Sweden[28–30] and the U.S.A.[27]. All used
standard assays (Westergren or Wintrobe methods[2]),
but only two[27,28] reported any adjustment for age, sex,
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smoking or standard risk factors. There was no evidence
of heterogeneity among the four published studies
(�2

3=7·3; P>0·05). Overall, comparison of individuals
with erythrocyte sedimentation rate values in the top
third with those in the bottom third at baseline yielded a
risk ratio of 1·33 (95% CI 1·15–1·54; 2P<0·0001). After
correction for regression dilution, the estimated mean
usual erythrocyte sedimentation rate values in these 2
groups were about 15 and 5 mm . h�1 (Table 1).
Discussion

Despite the statistically significant association between
haematocrit and coronary heart disease in the general
population, the risk ratio is only slightly elevated above
1·0 and its relevance remains uncertain. Haematocrit
levels are correlated with a number of standard vascular
risk factors (Table 1) and adjustment for the measured
values of these factors in some studies reduces the
strength of the associations between haematocrit and
coronary heart disease. Hence, adjustment for the long-
term usual values of those factors (and other possible
confounders) should reduce the risk ratio still further
towards 1·0. It is also possible that the available evi-
dence on haematocrit and coronary heart disease has
been exaggerated somewhat by publication bias[35]. As-
says for haematocrit are widely available, so other
relevant studies of haematocrit and incident coronary
heart disease may well exist (e.g., in trials of vascular
disease prevention) that have not yet been reported.
Indeed, separate results for coronary heart disease were
not reported in a few long-term prospective studies of
haematocrit and all-cause mortality[36,37], but any bias
owing to the absence of these published studies is not
likely to be substantial since they include less than 5% of
the deaths in the available studies.

Similar considerations apply to the prospective studies
of coronary heart disease and viscosity, even fewer of
which are published, with five of the six publications
being reported only since 1996 (Fig. 2). So, further
measurement of these rheological factors (and of various
possible confounders or mediators) in some large studies
might substantially change the present overall results
and their interpretation. With regard to erythrocyte
sedimentation rate, few studies are available and only
two reported adjustment for standard risk factors, while
none reported adjustment for fibrinogen.

Hence, as yet, the relevance of these rheological
factors to the risk of coronary heart disease remains
uncertain. More detailed combined analyses, perhaps
based on individual participant data from each of the
prospective studies, might help to characterize the
shapes of any dose–response relationships, reduce any
bias related to the selection of particular cut-off levels,
allow more complete adjustment for other risk factors,
and assess associations in particular subgroups.

Paul Appleby plotted the figures. J.D. is supported by a Merton
College junior research fellowship and a Frohlich award. R.C.
holds a British Heart Foundation personal chair. The CTSU is
directly supported by the Medical Research Council.

The following investigators kindly provided additional infor-
mation (including, in several cases, data based on extended
follow-up) for their studies: Helen Bartholomew[17,18], Michael
Campbell[15], Jackie Cooper[12], Peter Elwood[20], Matthew
Knuiman[17,18], Youlian Liao[5], Thomas Meade[12], Antti
Reunanen[9], Felicity Smith[23], Paul Sorlie[11] and Goya
Wannamethee[4]. Unpublished data on haematocrit from Meade
et al.[12] was based on the first Northwick Park Heart Study.
References

[1] Lowe GDO. Haemostatic risk factors for arterial and venous
thrombosis. In: Poller L, Ludlam CA, eds. Recent advances
in blood coagulation, 7th edn. Edinburgh: Churchill
Livingstone, 1997; 69–96.

[2] Lowe GDO. Blood rheology, haemostasis and vascular dis-
ease. In: Bloom AL, Forbes CD, Thomas DP, Tuddenham
EGD, eds. Haemostasis and thrombosis, 3rd edn. Edinburgh:
Churchill Livingstone, 1994: 1169–88.

[3] Pearson TC. Rheology of the absolute polycythaemias.
Balliere’s Clinical Haematology 1987; 1: 637–64.

[4] Wannamethee G, Shaper AG, Whincup PH. Ischaemic
heart disease: association with haematocrit in the British
Regional Heart Study. J Epidemiol Comm Health 1994; 48:
112–18.

[5] Liao Y, Cooper RS, McGee DL. Iron status and coronary
heart disease: negative findings from the NHANES I
follow-up study. Am J Epidemiol 1994; 139: 704–12.

[6] Rumley A, Lowe GDO, Norrie J, Ford I, Shepherd J, Cobbe
SM. Blood rheology and outcome in the west of Scotland
coronary prevention study: is the benefit of lipoprotein reduc-
tion partly due to the lower viscosity? Br J Haematol 1997; 97
(Suppl 1): 78.

[7] Abu-Zeid HAH, Chapman JM. The relation between hemo-
globin level and the risk for ischemic heart disease: a prospec-
tive study. J Chron Dis 1976; 29: 395–403.

[8] Gagnon DR, Zhang TJ, Brand FN, Kannel WB. Hematocrit
and the risk of cardiovascular disease-the Framingham study:
a 34-year follow-up. Am Heart J 1994; 127: 674–82.

[9] Reunanen A, Takkunen H, Knekt P, Seppanen R, Aromaa A.
Body iron stores, dietary iron intake and coronary heart
disease mortality. J Int Med 1995; 238: 223–30.

[10] Carter C, McGee D, Reed D, Yano K, Stemmermann
MD. Hematocrit and the risk of coronary heart disease: the
Honolulu Heart Program. Am Heart J 1983; 105: 674–9.

[11] Sorlie PD, Garcia-Palmieri MR, Costas R, Havlik RJ.
Hematocrit and risk of coronary heart disease: the
Puerto Rico Heart Health Program. Am Heart J 1981; 101:
456–61.

[12] Meade TW, Ruddock V, Stirling Y, Chakraborti R, Miller
GJ. Fibrinolytic activity, clotting factors and long-term inci-
dence of ischaemic heart disease in the Northwick Park Heart
Study. Lancet 1993; 342: 1076–1079.

[13] Szatrowski TP, Peterson AV, Shimizu Y et al. Serum choles-
terol, other risk factors, and cardiovascular disease in a
Japanese cohort. J Chron Dis 1984; 37: 569–84.

[14] Erikssen G, Thaulow E, Sandvick L, Stormorken H, Erikssen
J. Haematocrit: a predictor of cardiovascular mortality? J Intr
Med 1993; 234: 493–9.

[15] Campbell MJ, Elwood PC, Mackean J, Waters WE. Mor-
tality, haemoglobin level and haematocrit in women. J Chron
Dis 1985; 38: 881–9.

[16] Lowe GDO, Lee AJ, Rumley A, Price JF, Fowkes FGR.
Blood viscosity and risk of cardiovascular events: the
Edinburgh artery study. Br J Haematol 1997; 96: 168–73.

[17] Cullen K, Stenhouse NS, Wearne KL, Welborn TA. Multiple
regression analysis of risk factors for cardiovascular disease
and cancer mortality in Busselton, Western Australia — 13-
year study. J Chron Dis 1983; 36: 371–7.
Eur Heart J, Vol. 21, issue 7, April 2000



520 J. Danesh et al.
[18] Cullen KJ, Stenhouse NS, Wearne KL. Raised haemoglobin
and risk of cardiovascular disease. Lancet 1981; ii: 1288–9.

[19] Knottnerus JA, Swaen GMH, Slangen JJM, Volovics A,
Durinck J. Haematologic parameters as risk factors for car-
diac infarction in an occupational health care setting. J Clin
Epidemiol 1988; 41: 67–74.

[20] Elwood PC, Benjamin IT, Waters WE, Sweetnam PM.
Mortality and anaemia in women. Lancet 1974; i: 891–94.

[21] Schlant RC, Forman S, Stamler J, Canner PL. The natural
history of coronary heart disease: prognostic factors after
recovery from myocardial infarction in 2789 men. Circulation
1982; 66: 401–14.

[22] Lowe GDO, Machado SG, Krol WF, Barton BA, Forbes CD.
White blood cell count and haematocrit as predictors of
coronary recurrence after myocardial infarction. Thromb
Haemost 1985; 54: 700–3.

[23] Smith FB, Rumley A, Lee AJ, Leng GC, Fowkes FGR, Lowe
GDO. Haemostatic factors and prediction of ischaemic heart
disease and stroke in claudicants. Br J Haematol 1998; 100:
758–63.

[24] Sweetnam PM, Thomas HF, Yarnell JWG, Beswick AD,
Baker IA, Elwood PC. Fibrinogen, viscosity and the 10-year
incidence of ischaemic heart disease: the Caerphilly and
Speedwell studies. Eur Heart J 1996; 17: 1814–20.

[25] Koenig W, Sund M, Filipiak B, Doring A, Lowel H, Ernst E.
Plasma viscosity and the risk of coronary heart disease: results
from the Monica-Augsburg cohort study, 1984 to 1992.
Arterioscler Thromb Vasc Biol 1998; 18: 768–72.

[26] Martin JF, Bath PMW, Burr ML. Influence of platelet size
on outcome after myocardial infarction. Lancet 1991; 338:
1409–11.

[27] Gillum RF, Mussolino ME, Makuc DM. Erythrocyte sedi-
mentation rate and coronary heart disease: the NHANES I
epidemiologic follow-up study. J Clin Epidemiol 1995; 48:
353–61.
Eur Heart J, Vol. 21, issue 7, April 2000
[28] Bottiger LE, Carlson LA. Risk factors for ischaemic vascular
death for men in the Stockholm prospective study. Athero-
sclerosis 1980; 36: 389–408.

[29] Tibblin G, Wilhelmsen L, Werko L. Risk factors for myo-
cardial infarction and death due to ischemic heart disease and
other causes. Am J Cardiology 1975; 35: 514–22.

[30] Rafnsson V, Bengtsson C. Erythrocyte sedimentation rate and
cardiovascular disease: results from a population study of
women in Goteborg, Sweden. Atherosclerosis 1982; 42: 97–
107.

[31] Danesh J, Collins R, Appleby P, Peto R. Fibrinogen,
C-reactive protein, albumin or white cell count: meta-analyses
of prospective studies of coronary heart disease. JAMA 1998;
279: 1477–82.

[32] MacMahon S, Peto R, Cutler J et al. Blood pressure, stroke,
and coronary heart disease-part 1. Prolonged differences in
blood pressure: prospective observational studies corrected for
the regression dilution bias. Lancet 1990; 335: 765–74.

[33] Clarke R, Shipley M, Lewington S et al. Underestimation of
risk associations due to regression dilution in long-term
follow-up of prospective studies. Am J Epidemiol 1999; 150:
341–53.

[34] International Committee for Standardisation in Haematology
(Expert Panel on Blood Rheology). 1986 Guidelines for
measurement of blood viscosity and cell deformability. Clin
Hemorrheology 1986; 6: 439–53.

[35] Easterbrook P, Berlin J, Gopalan R, Matthews D. Publication
bias in clinical research. Lancet 1991; 337: 867–72.

[36] Waters WE, Withey JL, Kilpatrick GS, Wood PHN,
Abernathy M. Ten-year haematological follow-up: mortality
and haematological changes. BMJ 1969; 4: 761–4.

[37] Banerjee AK, Pearson J, Gilliland EL et al. A six year
prospective study of fibrinogen and other risk factors associ-
ated with mortality in stable claudicants. Thromb Haemost
1992; 68: 261–3.


	Haematocrit, viscosity, erythrocyte sedimentation rate: meta-analyses of prospective studies of coronary heart disease
	Introduction
	Methods
	Search methods and data abstraction
	Statistical methods
	Table 1

	Results
	Haematocrit
	Figure 1
	Figure 2
	Plasma viscosity and blood viscosity
	Erythrocyte sedimentation rate

	Discussion
	References


