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Background The main determinants of diastolic function
± pre- and afterload of the heart ± are affected by the
haematocrit, but the relation between haematocrit and
diastolic function is unclear.

Objective To study the association between
interindividual haematocrit values and diastolic function, by
echocardiography.

Design In a cross-sectional survey, blood pressure,
haematocrit values, and high-quality Doppler indexes of
left ventricular ®lling were obtained in 1297 individuals,
25±74 years of age, and analysed by regression analyses.

Results Haematocrit and systolic blood pressure were
strongly correlated (r = 0.23; P < 0.0001). Moreover,
haematocrit was inversely correlated with the peak velocity
of early left ventricular ®lling and with the peak velocity of
early ®lling divided by late ®lling (E/A ratio; both
P < 0.005). Left ventricular isovolumic relaxation time
(IVRT) was positively associated with haematocrit
(r = 0.18, P < 0.001). In individuals with an abnormal
Doppler ®lling pattern (E/A < 50years < 1, E/A> 50years < 0.5,
or IVRT< 30years > 92 ms, IVRT30±50years > 100 ms or
IVRT> 50years > 105 ms; n = 119), greater haematocrit
values were observed than in those with normal diastolic
parameters (P < 0.001). Conversely, individuals with an
increased haematocrit (> 50% in men, > 45% in women;
n = 16) had a greater risk of presenting with abnormal left
ventricular ®lling (31.3%) compared with individuals with
normal (12.1%; n = 898;) or low (< 40% in men, < 35% in
women: 10.5%, n = 38; P = 0.07) haematocrit. Strong and
signi®cant associations between haematocrit and Doppler
indexes of left ventricular ®lling were con®rmed after
adjustment for multiple potential confounders including

blood pressure, antihypertensive medication and body
mass index. Similarly, blood pressure and parameters of
diastolic ®lling were strongly associated correlations that
were not affected by inclusion of haematocrit values into
the regression model.

Conclusion The data point to substantial adaptations of
diastolic ®lling in response to both blood pressure and the
characteristics of the medium that is propelled by the
heart. Therefore, in addition to blood pressure values, the
variability of haematocrit values should be considered
when diastolic function is being evaluated by Doppler
echocardiography. J Hypertens 18:1483±1489 & 2000
Lippincott Williams & Wilkins.
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Introduction
Chronic anaemia is related to a number of adaptations
of the circulatory system [1]. Most notably, peripheral
resistance decreases and heart rate and cardiac output
increase substantially [2]. Such hyperdynamic circula-
tion compensates, at least in part, for the reduced
oxygen transport capacity of the anaemic blood. It may
also increase cardiac preload in patients with severe

anaemia [3]. Given that left ventricular preload is an
important determinant of the pattern of transmitral
in¯ow during left ventricular ®lling [4±6], it is concei-
vable that anaemia ± or even the variability of haema-
tocrit values within the physiological range ± may
indirectly affect diastolic function; however, we are not
aware of any study that has investigated this issue
systematically. Such an association may be of speci®c

Original article 1483

0263-6352 & 2000 Lippincott Williams & Wilkins



relevance to patients with arterial hypertension, as
blood pressure values have been associated with both
impaired diastolic ®lling and increased haematocrit
[7,8], therefore we analysed the relation between
Doppler indexes of left ventricular ®lling, haematocrit
and blood pressure recorded in a large database of the
third population-based MONICA (Monitoring of
Trends and Determinants in Cardiovascular Disease)
Augsburg survey.

Participants and methods
Study population
The MONICA Augsburg study was conducted as a
component of the international collaborative World
Health Organization (WHO) MONICA project and
investigated the cardiovascular risk factor pro®le of
randomly selected individuals from the Augsburg popu-
lation in cross-sectional surveys. Echocardiographic ex-
aminations were performed in a total of 845 men and
832 women, aged 25±74 years [9]. All gave written
informed consent to participation in the study and
underwent an interview relating to personal and family
medical history, life style and nutrition, health beha-
viour, and psychosocial factors. Blood pressure was
measured at the right arm and with the individual in a
sitting position, using a random zero sphygmoman-
ometer under standardized conditions.

Echocardiographic measurements
Doppler, two-dimensional, and two-dimensionally
guided M-mode echocardiograms were performed in
each participant by two expert sonographers using a
commercially available echocardiograph (Hewlett Pack-
ard, Sonos 1500, Andover, Massachusetts, USA) with a
2.5 or 3.5 MHz transducer. M-mode tracings were
recorded on a stripchart paper at a speed of 50 mm/s.
To reduce interobserver variability, all these tracings
were analysed by a single experienced cardiologist.
Measurements for calculation of left ventricular mass
from data acquired by M-mode-guided echocardiogra-
phy were performed according to the guidelines of the
American Society of Echocardiography.

Left ventricular mass (LVM) was calculated according
to the formula [10]:

LVM (g) � 1:04[(EDD � sWth � pWth)3

ÿ (EDD)3]ÿ 13:6

where EDD is end-diastolic diameter and sWth and
pWth are septal wall thickness and posterior wall
thickness, respectively. It was indexed to body height
raised to the power of 2.7, as LMV index (LMVI) in
g/m [11]. Left atrial volume was traced at end-systole
in the apical four-chamber view [12]. Doppler echocar-
diographic recordings were performed by pulsed-wave

Doppler with the sample volume at the tips of the
mitral valve in the apical four-chamber view and
registered at a paper speed of 100 mm/s. Early and late
diastolic velocities, velocity time integrals, ratios of
early and late velocities, and velocity time integrals
were determined as reported previously [13]. Isovolu-
metric relaxation time (IVRT) was determined as the
time interval between the end of the aortic out¯ow and
the start of the mitral in¯ow signal. Doppler mitral
pro®les of suf®cient quality were obtained in 1297
participants for the determination of diastolic ®lling
velocities and in 970 for analysis of IVRT.

No systematic differences in terms of age, sex, body
mass index (BMI) and systolic blood pressure were
detected between participants with complete or with
incomplete diastolic ®lling data. Diastolic dysfunction
was de®ned as proposed by the European Study Group
on Diastolic Heart Failure [14]. Speci®cally, an abnor-
mal E/A ratio was considered to be present when
E/A, 50years was less than 1 or E/A. 50years was less than
0.5, or when IVRT, 30yearswas greater than 92 ms,
IVRT30±50years was greater than 100 ms or IVRT. 50years

was greater than 105 ms.

Blood cell count
Blood was drawn from non-fasting individuals who were
in a supine resting position for at least 30 min. A
complete blood cell count was carried out in a Coulter
STKS chamber (Coulter, Krefeld, Germany). Values of
haematological variables were de®ned as low when the
haematocrit was less than 40% in men and less than
35% in women. The upper range of normal haematocrit
was set at 50% in men and 45% in women, based on
the procedural manual of the clinical chemistry labora-
tory of this university. Categorization of the population
into groups in whom the haematocrit was greater than,
within, or less than two standard deviations of the sex-
speci®c mean (men 38.5±50.1%, women 34±46%) re-
vealed a range of normal haematocrit values that were
comparable to those de®ned for our study. Accordingly,
the sizes of the groups de®ned in Table 1 (low
haematocrit, n � 43 compared with n � 51; normal
haematocrit, n � 1201 compared with n � 1187; high
haematocrit, n � 16 compared with n � 22) were only
minimally affected, and the results of statistical tests
were almost identical.

Statistical methods
Associations of haematocrit, haemoglobin and erythro-
cyte count with Doppler indexes of left ventricular
®lling were initially assessed by calculation of Pearson
correlation coef®cients. Mean values of continuous
variables and percentages of categorical variables were
obtained for groups of individuals with low, normal and
high values for the haematological variables. Differ-
ences between groups were assessed univariately by
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analysis of variance or ÷2 tests. Differences in mean
haematological values for individuals with and without
diastolic dysfunction were evaluated by unpaired
t-tests. Multivariate regression analyses adjusted the
associations between haematological and left ventricu-
lar ®lling variables for the covariates age, sex, BMI,
systolic blood pressure, antihypertensive treatment sta-
tus (yes or no), heart rate, fractional shortening and
LMV indexed to body height2:7. Differences in Dop-
pler indexes of left ventricular ®lling between the low,
normal and high group were assessed using these fully
adjusted models. P values , 0.05 were considered to
be statistically signi®cant.

Results
Univariate associations
Table 1 presents anthropometric and echocardiographic
data for individuals with low, normal, or high values of
haematocrit. Similar to the observations of others [1,8],
the prevalence of hypertension and the blood pressure
values were markedly greater in individuals with high
haematocrit levels. In addition, the peak velocity of
early left ventricular ®lling (peak E-wave) and IVRT
exhibited marked differences depending on the haema-
tocrit. Moreover, the E/A ratio or the prevalence of an
E/A ratio less than 1, or the prevalence of an IVRT
greater than 100 ms varied signi®cantly between indivi-
duals with high, normal or low haematocrit levels. No

difference between these groups was found with
respect to fractional shortening or LMVI (Table 1).

The likelihood of displaying an abnormal Doppler
pattern of ®lling of the left ventricle, as de®ned by the
European Study Group on Diastolic Heart Failure [14],
was 10.5% in individuals with a low haematocrit and
31.3% in those with an increased haematocrit
(P � 0.07; Table 1). Conversely, in individuals with left
ventricular diastolic dysfunction, the average haemato-
crit, haemoglobin concentration and erythrocyte count
were signi®cantly greater than the respective values in
those without dysfunction (Fig. 1).

Blood pressure values were also associated with para-
meters of left ventricular diastolic ®lling. Compared
with normotensive individuals (blood pressure less than
160/95 mmHg and not taking antihypertensive medica-
tions, n � 951), participants in the survey who were
hypertensive (n � 309) were characterized by a de-
crease in the E-wave (61.1 cm/s compared with
64.5 cm/s; P , 0.0001), an increase in the A-wave
(66.7 cm/s compared with 51.8 cm/s; P , 0.0001), a
profound decrease in the E/A ratio (0.97 compared with
1.35; P , 0.0001), and an increase in IVRT (90.9 ms
compared with 76.2 ms; P , 0.0001). The associations
between haematocrit and peak E-wave and IVRT were
observed in both normotensive (r � 0.21, P , 0.0001
and r � 0.15, P , 0.001, respectively) and hypertensive

Table 1 Anthropometric and echocardiographic data by haematocrit group

Haematocrit (%)

Variable
Low: M: , 40%

W: ,34% (n � 51)
Normal: M: 40±50%

W: 35±45% (n � 1187)
High: M: . 50%

W: .45% (n � 22)
P

(ANOVA or ÷2)

Sex (% female) 56.9 51.6 54.5 NS
Age (years) 50.1 � 1.9 48.6 � 0.4 53.5 � 2.0 NS
Current smokers (%) 16 27 59 0.002
BMI (kg/m2) 25.2 � 0.4 26.4 � 0.1 28.4 � 0.8 0.006
Systolic blood pressure (mmHg) 129 � 2.7 132 � 0.6 144 � 4 0.006
Hypertension� (%) 16 24 55 0.002
Medication for hypertension (%) 14 16 32 NS
LVMI (g/m2:7) 38.3 � 1.5 38.1 � 0.3 41.4 � 2.3 NS
End-diastolic diameter (mm) 29.4 � 0.3 28.5 � 0.1 27.3 � 0.5 0.003
Fractional shortening (%) 34 � 0.8 35 � 0.2 36 � 1.2 NS
Heart rate (beats/min) 70 � 1.5 68 � 0.3 75 � 2.4 0.02
Emax (cm/s) 69 � 2.0 64 � 0.4 54 � 3.1 0.0004
Amax (cm/s) 57 � 2.4 55 � 0.5 58 � 3.6 NS
E/A ratio 1.32 � 0.07 1.26 � 0.01 0.96 � 0.1 0.01
E/A ratio ,1 (%) 29 32 64 0.006
IVRTy (ms) 71 � 3.0 80 � 0.6 90 � 4.5 0.001
IVRT§ .100 ms (%) 3 10 31 0.007
LA vol (ml) 43.0 � 1.9 42.6 � 0.4 42.9 � 2.8 NS
Diastolic dysfunctiony (%) 10.5 12.1 31.3 0.07

Data are given as means � SEM for continuous variables (P values indicate statistically signi®cant differences between haematocrit
groups by ANOVA) and as percentages for categorical variables (P values based on ÷2 statistic for homogeneity of haematocrit
groups). �De®ned as blood pressure at least 160/95 mmHg or individual taking current antihypertensive medication. yNumber of
individuals in whom IVRT could be assessed was 952. §De®ned according to the criteria of the European Study Group on Diastolic
Heart Failure [14] as: E/A, 50years ratio , 1 or E/A. 50years , 0.5; or IVRT, 30years . 92 ms, IVRT30±50years . 100 ms or IVRT. 50years

. 105 ms. NS, not signi®cant; M, men; W, women; BMI, body mass index; LVMI, left ventricular mass index (indexed by height2:7);
E, E-wave; A, A-wave; IVRT, isovolumic relaxation time; LA vol, left atrial volume by planimetry in the four-chamber view.
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individuals (r � 0.25, P , 0.001 and r � 0.11, P � 0.10,
respectively).

Multivariate associations
After adjustment for covariates ± age, sex, BMI,
systolic blood pressure, use of antihypertensive medi-
cation, heart rate, fractional shortening, and LMVI ±
the strong association between haematocrit values and
peak E-wave velocity, integral of the E-wave, and
peak velocity of early ®lling divided by late ®lling (E/
A ratio) persisted (Table 2). Speci®cally, a 10% in-
crease in the adjusted haematocrit accounted for a

decrease in peak E-wave of 8.0 cm/s (P � 0.001) and a
decrease in the E/A ratio of 0.10 (P � 0.006). Similarly,
IVRT was multivariately associated with haematocrit
values (Table 2). Furthermore, adjusted haemoglobin
concentration and erythrocyte count were inversely
related to the peak E-wave and the E/A ratio in a
highly signi®cant fashion; however, the positive
association with IVRT was less clearly signi®cant
(Table 2). For comparison, Table 2 displays respective
associations for systolic blood pressure that were
obtained from the full regression model, including
haematocrit.

Fig. 1

Haematological data (mean � SEM) in individuals with normal or pathological left ventricular ®lling pattern. Diastolic dysfunction was de®ned
according to the criteria provided by the European Study Group [14] as: E/A, 50years ratio , 1 or E/A. 50years , 0.5; or IVRT, 30years . 92 ms,
IVRT30±50years . 100 ms or IVRT. 50years . 105 ms. �P , 0.05; ���P , 0.001.
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When results from only those individuals with normal
haematocrits were included in regression analyses,
essentially identical associations were obtained (Table
3). Likewise, expansion of the model by further inclu-
sion of covariates such as current smoking or end-
diastolic diameter did not change the highly signi®cant
association of haematocrit and diastolic parameters.
When the two sexes were analysed separately (Table
4), women revealed strong and highly signi®cant corre-
lations between haematological and Doppler left ven-

tricular ®lling parameters, whereas men (who were
represented by a relatively narrow spectrum of haema-
tocrit values) displayed similar trends for the associa-
tions, but these were not statistically signi®cant. In
formal statistical testing, the differences between men
and women were signi®cant for the peak E-wave
(P � 0.01) and the E/A ratio (P � 0.007), suggesting a
stronger relationship between haematocrit and diastolic
®lling parameters in women than in men. Moreover,
categorization of the participants according to their
taking or not taking antihypertensive medication re-
vealed either signi®cant associations or strong trends for
the relationship between haematocrit and Doppler
diastolic ®lling parameters in all subgroups tested.
Lastly, after adjustment for multiple covariates, neither
the size of the left atrium nor the peak A-wave were
any longer signi®cantly associated with haematocrit,
haemoglobin concentration, or erythrocyte count (data
not shown).

Discussion
Doppler indexes of left ventricular ®lling are widely
used for the assessment of diastolic function. Here, we
have demonstrated that variability in haematocrit, as
occurs in the general population, is closely associated
with these Doppler echocardiographic parameters. Spe-
ci®cally, an increase in haematocrit is associated with

Table 2 Associations of haematocrit, haemoglobin concentration and erythrocyte count with
echocardiographic parameters of left ventricular ®lling

Variable
Haematocrit

(per 10% increase)
Haemoglobin

(per 3 g/l increase)
Erythrocyte count
(per 1/pl increase)

Systolic blood pressure
(per 10 mmHg increase)

Emax (cm/s) â � ÿ8.0
P � 0.001

â � ÿ6.0
P � 0.001

â � ÿ4.4
P � 0.001

â � 0.7
P � 0.003

E/A ratio â � ÿ0.10
P � 0.006

â � ÿ0.08
P � 0.01

â � ÿ0.08
P � 0.01

â � ÿ0.02
P � 0.001

IVRT (ms) â � 3.9
P � 0.03

â � 3.2
P � 0.04

â � 2.1
NS

â � 0.4
NS

Data are results of multivariate regression analyses (adjusted for age, sex, body mass index, systolic blood
pressure, antihypertensive treatment status, heart rate, fractional shortening and left ventricular mass indexed to
body height2:7), given as regression coef®cients (â) and respective P values. E, E-wave; A, A-wave; IVRT,
isovolumic relaxation time; NS, not signi®cant.

Table 4 Associations of haematocrit and systolic blood pressure with echocardiographic parameters of left ventricular ®lling after division
of the participants into subgroups according to sex and use of antihypertensive medication

Men (n � 575) Women (n � 594)
No antihypertensive drugs

(n � 1056)
With antihypertensive drug use

(n � 204)

Variable

Haematocrit
(per 10%
increase)

SBP
(per 10 mmHg)

Haematocrit
(per 10%
increase)

SBP
(per 10 mmHg)

Haematocrit
(per 10%
increase)

SBP
(per 10 mmHg)

Haematocrit
(per 10%
increase)

SBP
(per 10 mmHg)

Emax (cm/s) â � ÿ4.0
P � 0.04

â � 0.9
P � 0.008

â � ÿ10.2
P � 0.0001

â � 0.8
P � 0.02

â � ÿ7.0
P � 0.001

â � 0.9
P � 0.004

â � ÿ11.5
P � 0.002

â � 0.5
NS

E/A ratio â � ÿ0.005
NS

â � ÿ0.03
P � 0.002

â � ÿ0.17
P � 0.001

â � ÿ0.01
P � 0.25

â � ÿ0.08
P � 0.05

â � ÿ0.02
P � 0.01

â � ÿ0.15
P � 0.02

â � ÿ0.02
P � 0.03

IVRT (ms) â � 3.6
NS

â � 0.9
P � 0.09

â � 4.2
P � 0.08

â � ÿ0.07
P � 0.86

â � 3.1
P � 0.09

â � 0.9
P � 0.01

â � 8.6
NS

â � ÿ1.2
NS

Data are results of multivariate regression analyses (adjusted for age, sex, body mass index, systolic blood pressure, heart rate, fractional shortening and left ventricular
mass indexed to body height2:7), given as regression coef®cients (â) and respective P values. SBP, systolic blood pressure; E, E-wave; A, A-wave; IVRT, isovolumic
relaxation time; NS, not signi®cant.

Table 3 Associations of haematocrit, haemoglobin concentration
and erythrocyte count with echocardiographic parameters of left
ventricular ®lling

Variable
Haematocrit

(per 10% increase)
Haemoglobin

(per 3 g/l increase)
Erythrocyte count
(per 1/pl increase)

Emax (cm/s) â � ÿ6.9
P � 0.001

â � ÿ6.0
P � 0.001

â � ÿ4.5
P � 0.001

E/A ratio â � ÿ0.1
P � 0.02

â � ÿ0.09
P � 0.006

â � ÿ0.08
P � 0.02

IVRT (ms) â � 1.6
NS

â � 1.8
NS

â � 2.8
P � 0.08

Data are results of multivariate regression analyses (adjusted for age, sex, body
mass index, systolic blood pressure, antihypertensive treatment status, heart rate,
fractional shortening and left ventricular mass indexed to body height2:7), given
as regression coef®cients (â) and respective P values for individuals with normal
values of haematocrit (men 40±50%, women 35±45%), haemoglobin (men
133±177 g/l, women 117±157 g/l) and erythrocyte count (men 4.2±6.1/pl,
women 3.6±5.2/pl). E, E-wave; A, A-wave; IVRT, isovolumic relaxation time; NS,
not signi®cant.
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an increased prevalence of Doppler patterns that sug-
gest diastolic dysfunction, whereas anaemia has the
opposite correlate.

Anaemia is known to cause a hyperdynamic circulation
with decreased peripheral resistance, increased venous
return and, thus, increased preload of the left ventricle
[1,3,15]. In addition, haemodynamic changes of this
nature are known to affect Doppler indexes of diastolic
function [4±6,16]. For example, an increase in left atrial
pressure changes the left ventricular ®lling velocity
pro®le in a manner that may mimic the pattern of
normal diastolic function, even when left ventricular
relaxation is impaired [6,17]. Thus the association be-
tween haematocrit and transmitral in¯ow pattern, ob-
served in the present study, is potentially mediated by
circulatory adaptations at various values of haematocrit.
In agreement with this hypothesis are the ®ndings of
smaller studies that reported enhanced early diastolic
®lling velocities in patients with severe anaemia and a
hyperdynamic circulation despite concomitant left ven-
tricular hypertrophy [18±20].

Although circulatory adaptations, including differences
in left ventricular preload, are likely to explain the
relationship between haematocrit and the pattern of
transmitral in¯ow, we cannot exclude that myocardial
or rheological alterations also contribute to this ®nding.
Theoretically, different values of haematocrit might be
associated with differences in left ventricular geometry,
structure, morphology, systolic function, or blood visc-
osity. However, no associations were found between
haematocrit values and late diastolic ®lling (A-wave),
left ventricular systolic function (as measured by echo-
cardiographic ejection fraction), or total LVM. Thus
myocardial alterations appear less likely to explain the
association between haematocrit and the pattern of
transmitral in¯ow. Moreover, we are not aware of any
study that has demonstrated that differences in blood
viscosity at various values of haematocrit may affect the
Doppler signals of diastolic function.

The present study reproduced the well-known associa-
tions between blood pressure and haematocrit (Table 1;
[1,8] ) and between blood pressure and diastolic func-
tion (see Results section; [7]). These associations, how-
ever, do not appear to explain the association between
haematocrit and diastolic function. In fact, in the
present study, hypertension had a stronger effect on
late diastolic ®lling, probably secondary to left ventri-
cular hypertrophy, whereas high values of haematocrit
largely affected early diastolic ®lling (IVRT and E-
wave). Moreover, the multivariate model that included
systolic blood pressure, antihypertensive medication
and haematocrit as independent variables demonstrated
that both retained their signi®cant relationship with
echocardiographic parameters of diastolic function. Fi-

nally, the associations between haematocrit and diasto-
lic function were observed in both normotensive and
hypertensive individuals. Thus different and poten-
tially additive mechanisms appear to explain the mod-
ulation of left ventricular ®lling in individuals with high
blood pressure and high haematocrit levels.

No matter what the precise underlying mechanism may
be, it is of interest that the variability of haematocrit
values within the normal range was suf®cient to pro-
duce signi®cant alterations in the pattern of transmitral
in¯ow. From a physiological point of view, this ®nding
suggests that, even with normal haematocrit levels, the
heart and the circulatory system adapt to subtle differ-
ences in the oxygen transport capacity of the blood.
This notion may apply, not only to the pattern of
transmitral in¯ow, but also to other haemodynamic
parameters, including cardiac index, total peripheral
resistance, or left ventricular geometry. In fact, we
noted that haematocrit values, although largely in the
normal range, were related inversely to cardiac index
and positively to total peripheral resistance (data not
shown). Moreover, as men and women are character-
ized by signi®cant differences in average haematocrit
values, some well-recognized sex-related cardiac adap-
tations may be secondary to differences in haematocrit.
In this regard, we were able to reproduce recent
observations [21,22] that sex, after adjustment for
traditional covariates, may be a strong predictor of early
®lling velocity (P , 0.0001). However, when haemato-
crit values were included into the model, sex lost its
signi®cant association with early transmitral in¯ow
velocity (P . 0.1). On the basis of the present ®ndings,
we therefore propose that future studies of left ventri-
cular structure and function that compare groups with
different haematocrit levels should take into considera-
tion this potential covariate.

The present study was limited by its observational
design. Because of this, associations between haemato-
crit values and Doppler echocardiographic parameters
might be indirect and based, in part, on other covari-
ates. In this respect, it should be noted that individuals
with anaemia were on average younger and had lower
BMI values and greater heart rates. Moreover, the
associations between left ventricular ®lling parameters
and haematocrit were not statistically signi®cant in the
subgroup of men. We cannot explain this sex-related
difference, and speculate that, in women, the larger
variability in haematocrit accounts for more pronounced
associations. We considered sex and several additional
anthropometric and left ventricular structural and func-
tional parameters in multivariate regression analyses.
Uniformly, these analyses con®rmed highly signi®cant
associations between isovolumic relaxation and early
diastolic ®lling of the left ventricle with haematological
parameters, suggesting that at least these variables do
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not explain the strong association with Doppler left
ventricular ®lling indexes. A further limitation may be
that determinants not recognized in this study might
have in¯uenced the results. Moreover, cardiovascular or
severe general diseases might have affected blood cell
count and diastolic function simultaneously and, thus,
account for the reported associations. However, this
consideration also appears to be unlikely, as exclusion
of individuals with diabetes, atrial ®brillation, or prior
myocardial infarction (data not shown), and limitation
of the regression analyses to individuals with normal
blood counts or normotension were without effect on
the strong association between Doppler echocardiogra-
phically assessed patterns of transmitral in¯ow and
haematocrit.

Potential clinical implications of the present observa-
tions relate to the frequent use of Doppler echocardio-
graphy for the non-invasive assessment of diastolic
function, speci®cally in patients with arterial hyper-
tension. In fact, diagnostic criteria for diastolic dysfunc-
tion are based largely on these techniques [14]. Thus it
might be of relevance that Doppler echocardiography
may underestimate or overestimate the extend of
diastolic dysfunction in individuals with relatively low
or relatively high haematocrit values.

We conclude that Doppler indexes of transmitral in¯ow
are signi®cantly associated with haematocrit values.
Information on the red blood cell count may be
important for the precise evaluation of diastolic func-
tion by echocardiography.
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