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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!'?. 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)®®, 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

Key Words: coronary heart disease, rheology, haemato-
crit, viscosity, meta-analysis.

Revision submitted 7 May 1999, and accepted 12 May 1999.
Correspondence: Dr Danesh, CTSU, Radcliffe Infirmary, Oxford
OX2 6HE, U.K.

0195-668X/00/070515+06 $35.00/0

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®>%. 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™®! 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.

Statistical methods

Different studies reported risk ratios on the basis of
different cut-off levels (including comparisons of thirds,
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516 J. Danesh et al.

‘Joxaysajoyd urdoxdodi] Aysuap-y3iy 10 -mo[="TAH 11 ‘1sonbar uo d[qe[reae a1e 9[qe} SIy} 10J SAUAIYY "(S X I (-] F UBIW dUI[IsBq
se pojewnse ore sdnois woypoq pue doj ay) ur sonfea Jensn, uLd)-3uof oy} Jo saSeroae Y ‘sdnoid pazis-fenbo 021y} OUI S[ENPIAIPUT OPIAIP O PIsN SI JUIWAINSBIW JUIISB] J[SUIS B J[uu
‘[enpiArpur dwes ay) ur Jede sreak owos uoye) S10J0BJ SWIELS O} JO SJUWAINSBIW 0M) UM (1) JUSIOLPI0D UOTIR[ILIO)),

| U WWG SA G

9:0

arjeraduwo)
jwdque e g ww (8) 0]

spidyy A[qissod ‘uoojewary A[qr
-ssod ‘uogourqy 93e (XIS A[BW]

(urungqre
pue uagourqy Ajreroadsa)

UOTIBIIUIOUOD UId}0Id BWSE[ ]

uone3a1sse [0 poo[q Py

S BJUI ()-€ SA §-€

9:0

D, LE e s equ (9-0) p-¢

Kyanoeur
rearsAyd <Ay1saqo 7@ ‘aarnssaxd
Poo[q Funjows X3S JBIA

uonegdai3se [[90
PaI 1I001BWARY :A}ISOISIA BUWISB[J

POO[q J[NQ JO AOURISISAI MO

S RJUILT-T SA LT

¢0

D. LE e s equ (60-0) T¢-T

SUOIIBAQJ[D
IOJUIM pUB SUTUIOW ($9)9qRIp

{(as10Aur) TAH 1T ‘oanssaxd
poo[q ‘Funjows ‘usgouniqy o3y

uroyed urdyold ewseld
‘uonenuaouod umwjold ewse[q

ewse[d Jo 90UuR)SISAI MO

YoL-1¥ SA €-9%

L0

%(€) ¥t

Kyanoeur [eorsAyd esnedoudw
unoos 93£000n9] (A11s9q0 ‘oINS
-sa1d poo[q OpLIdOAISLI) {(9sIdAUT)
TAH 1A Sunjouws Xas e

awnjoA [0
PAI UBAW JUNOD [[30 POO[q POY

(POOIq JO %) SWn[OA [[2D

*xSPIIY} WOy
-10q pue doy ‘sanfea [ensn

«(1) uonera1100
-J19s ayewrxoxddy

(as) uonerAdp piep
-UB)S puB UBOW JUI[Askg

SAB[ALIOD UTBJA

SIUBUTULIONP UTRJA!

uonuyaQq

9)RI UOIBIUIWIPIS AAI0IYIAIF

KJISOOSIA poo[g

KJISOOSIA BUWISB[]

JLId0)eWdeH

o1ISLID)ORIRYD)

24 uoyvuNUIPas 214204y1L42 puv Q11509514 Poojq ‘A11509s14 viusvyd 11120V WIVY fO SI1IS112JOVIVY) [ gD ]

Eur Heart J, Vol. 21, issue 7, April 2000



Review 517

Type of cohort No. of Degree of Risk ratio and confidence limits

and source cases adjustment (top third vs bottom third)

Population-based i

Wannamethee et al, 1994 619 e+ N

Liao et al, 1994 2149 ++++ .

Rumley et al, 1997 422 ++++ L

Abu-Zeid and Chapman, 1976 108 4+ |

Gagnon et al, 1994 1477 +++ i .

Reunanen et al, 1995 1012 4+ '

Carter et al, 1983 503 4 ! -w

Cullen et al, 1983 438 +++ L !

Sorlie et al, 1981 342 +++  m

Meade et al, 1997 230 +4++ L

Szatrowski et al, 1984 198 4+ 3

Eriksson et al, 1993 40 +++ ,

Campbell et al, 1985 57 +++ 3

Lowe et al, 1997 235 ++ -

Knottnerus et al, 1988 104 + 3 -

Elwood et al, 1974 86 + ! -

Subtotal 8020 <> 1-16 (95% CI 1-05 to 1-29)

Pre-existing vascular disease ‘

Schlant et al, 1982 747 ++++ ]

Lowe et al, 1985 296 +++ ]

Smith et al, 1998 119 +

Subtotal 1162 | — ‘ —1-81 (‘95% CI 1~1‘9 to 2:76)
0-5 1 2 4 8

—l— 99% or <[> 95% limits

Figure 1 Prospective studies of haematocrit and coronary heart disease.

quarters, fifths, etc.), or as increases in risk for a given
increase in the relevant factor. The risk ratios derived!!
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’®*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

Haematocrit

Nineteen prospective studies of haematocrit and cor-
onary heart disease were identified (including three in
patients with myocardial infarction®'*?! or peripheral
vascular disease!®®!), 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. 123 The
studies were conducted in Australia! ', Finland®!,
Hawaiil'”, Japan!'¥| the Netherlands!'”), Norway!'¥,
Puerto Rico'", the United Kingdom!**6121:16.20.22.23]
and the U.S.A.578211 AJ] used standard assay methods
(such as microhaematocrit measurements™* 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
(r3s=182; P>0-1), although there was some indication
of a more extreme risk ratio in the studies of people with
pre-existing vascular disease (y7=43; P=0-04).

In principle, some heterogeneity could be caused by
the preferential publication of small studies with striking
findings (i.e. publication bias®”)), but in practice little
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Risk ratio and confidence limits
(top third vs bottom third)

— .

-

<> 1-57(95% CI 1-34 to 1-85)

i
—— [ 2:60(95% CI 1-64 to 4-12)

-

_— .

Type of cohort No. of Degree of
and source cases adjustment
PLASMA VISCOSITY

Population-based

Rumley et al, 1997 422 ++++
Sweetnam et al, 1996 571 +++
Koenig et al, 1998 50 +++

Lowe et al, 1997 235 +
Subtotal 1278

Pre-existing vascular disease

Martin et al, 1991 234 +

Smith et al, 1998 117 +
Subtotal 351

ESR

Population-based

Gillum et al, 1995 1462 ++++
Bottiger et al, 1980 176 +++
Tibblin et al, 1975 50 —
Refnasson et al, 1982 15 —

Total 1703 ‘

<I> 1-33 (95% CI 1-15 to 1-54)
. \ \ \

—l— 99% or <[> 95% limits 0-5

1 2 4 8

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

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 (y2=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®® or peripheral vascular
disease!®)), 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)i!16-23-26],
The studies were conducted in Germany! and the
United Kingdom!®-16-23-24261 - A]] but one*® used capil-
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lary viscometers (which are more accurate than ro-
tational viscometers!?) and all adjusted for at least age
and sex. There was no significant evidence of heterogen-
eity among the published studies (y2=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!!>1% or calculations!® 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 (y3=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).

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)?" %, The studies were
conducted in Sweden?® % and the U.S.A.*7. All used
standard assays (Westergren or Wintrobe methods™),
but only twol?”-?! 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
(x3=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 Smm . h ! (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®**. 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®®3”!, 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!!”-'8], Michael

Campbell™, Jackie Cooper!'?, Peter Elwood®”, Matthew
Knuiman!'”'®),  Youlian Liao®, Thomas Meade!'?, Antti
Reunanen®, Felicity Smith?®!, Paul Sorlie"! and Goya

Wannamethee!. Unpublished data on haematocrit from Meade
et al."? was based on the first Northwick Park Heart Study.
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