Medical Journal of Babylon-Vol. 9- No. 1 -2012 Y0¥ ey aaad) —alil) alaal) Aaall G Ao

Relationship between Anemia and Diastolic Dysfunction of the Heart
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Abstract
Background: Diastolic dysfunction is an echocardiographic pattern identified via transthoracic
echocardiography. It is classified as primary or isolated when the systolic function is normal and secondary
when there is systolic dysfunction.
Aim of the study: This study is conducted to evaluate the relationship between anemia and diastolic
dysfunction of the heart.
Patients and methods: 200 participants were enrolled in this study and classified into two groups; anemic
and non-anemic (n=100 for each) according to the definition of WHO.

Measurements were taken for blood pressure, heart rate, and BMI. Standard biochemical indices, ECG
and transthoracic Doppler echocardiography examination were also performed.
Results: Of the anemic group, 8 participants had diastolic dysfunction and 92 patients did not. None of the
control group had diastolic dysfunction. The difference was statistically significant. Among the anemic
group, 12 participants had left ventricular hypertrophy while no subject from the control group had left
ventricular hypertrophy. The correlation was statistically highly significant. Among these participants who
had diastolic dysfunction, 6 participants had left ventricular hypertrophy and 2 participants had not. The
correlation between left ventricular hypertrophy due to anemia and diastolic dysfunction was statistically
highly significant. The severity of anemia was not correlating with the development and severity of
diastolic dysfunction. Sex had no significant influence on the development of diastolic dysfunction in
anemic participants.
Conclusion: Anemia was identified to correlate well with the development of left ventricular hypertrophy
and with the resultant diastolic dysfunction. The severity of diastolic dysfunction was unrelated to the
severity of anemia and sex of the patients.
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List of abbreviations

AR; Atrial reversal pulmonary venous flow velocity
ASE American society of echocardiography

AV, Aortic vale

A wave; Atrial systolic transmitral flow velocity
BMI; Body mass index

BNP; Brain natriuretric peptide

BPM,; Beats per minute

DT; Deceleration time of the early diastolic flow velocity wave
ECG; Electrocardiography

EF; Ejection fraction

E wave; Peak early diastolic transmitral flow velocity
Hb; Hemoglobin

HF; Heart failure

IHD; Ischemic heart disease

IVS Interventricular septum

LA; Left atrial

LV, Left ventricle

LVEDD Left ventricular end-diastolic dimension
LVEF Left ventricular ejection fraction

MV; Mitral valve

No.; Number

PWT Posterior wall thickness

WHO; World Health Organization

Introduction
substantial portion of patients
with heart failure have nearly
preserved left ventricular EF
(generally above 40 or 50%)[1-4] and
are classified as having diastolic heart
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failure or heart failure with preserved
ejection  fraction.[5] The  terms
“‘diastolic HF’’> and ‘‘systolic HF*’ are
often used instead of ‘‘HF with
preserved EF’’ or “‘HF with reduced
EF”’, respectively but this is
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controversial. Recently ‘““HF  with
preserved EF’’ has become the more
accepted term used by the American
Heart Association and the American
College of Cardiology rather than
““diastolic ~ HF’’.[6] LV  volume,
geometry, and function differ
substantially in these two conditions.[7]
Even brain natriuretic peptide (BNP)
levels and survival differ. Despite these
major differences, the clinical signs and
symptoms of heart failure are present to
a similar degree in patients with systolic
and diastolic heart failure. Thus, the
clinical history and physical examination
do not always provide information that
allows a differentiation of systolic from
diastolic heart failure.[8]

From physiological point of view,
four phases of diastole have been
described. Briefly, isovolumic relaxation
phase begins with aortic valve closure
and lasts until mitral valve opening.
During this period of ventricular
relaxation, the ventricle is a "closed"
chamber and both aortic and mitral
valves are closed, hence LV volume is
unchanged as ventricular pressure is
decreasing. The rapid filling phase
begins as the MV opens. The rate of
filling is related to the pressure gradient
between the LA and LV. This pressure
gradient is mostly determined by the LA
pressure at MV opening, and the rate of
active decline of the LV pressure. The
ventricle continues to actively relax, and
the LV volume continues to increase,
despite a decreasing LV pressure. The
third phase of diastole is diastasis, which
consists of passive LV filling in which
LA and LV pressures are nearly equal.
The fourth phase is atrial systole (atrial
contraction) in which about 15% of LV
filling occurs in normal patients, and
probably more in myocardial disorders.
Atrial systole ends with MV closure.[9]
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If diastolic function is truly normal
then relaxation, filling, and distensibility
must remain normal both at rest and
during stress of a variable heart rate,
stroke volume, end-diastolic volume,
and blood pressure. Diastolic
dysfunction is a functional abnormality
of myocardial relaxation, filling, or
dispensability in the diastolic phase and
is classified into secondary when
associated with systolic dysfunction and
primary when the systolic function is
normal. Diastolic dysfunction thus
occurs regardless of whether the EF is
normal or abnormal, or patients are
symptomatic or asymptomatic.[10]

Because diastole comprises
approximately two-thirds of the cardiac
cycle, left ventricular diastolic pressure
is transmitted to the left atrium and
hence the pulmonary veins for a
relatively longer period than is systolic
pressure. Transmission of elevated
diastolic pressures to the pulmonary
venous bed can be a substantial driving
force for development of pulmonary
hypertension. Because diastole
comprises two-thirds of the cardiac
cycle, diseases that elevate diastolic
pressure are often more likely to be
associated with secondary pulmonary
hypertension than are diseases with
isolated elevation of systolic
pressure.[11] Because the process of left
ventricular relaxation is more energy
dependent than contraction,
abnormalities of left ventricular diastolic
function occur earlier than systolic
dysfunction in virtually all cardiac
diseases.[12] During the lag period
between diastolic dysfunction pattern
identified non-invasively via
transthoracic echocardiography and the
development of secondary pulmonary
hypertension and thus symptoms,
patients may be completely
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asymptomatic and referred to as having
diastolic dysfunction of the heart. When
symptoms and signs of heart failure
developed, these patients are referred to
as having diastolic heart failure or more
recently heart failure with preserved
EF.[13]

Diastolic dysfunction often has a
cause different from that of systolic

dysfunction.  The  distinction is
important, however, because most of the
randomised  controlled trials  that
generated the evidence for treatment of
heart failure included only patients with
reduced left ventricular ejection fraction.
Clinical conditions responsible for
primary diastolic heart failure are listed
in Table 1.[14]

Table 1 Causes of primary diastolic heart failure

Hypertension
Cardiomyopathy
Hypertrophic
Restrictive
Infiltrative

Among the various underlying diseases
causing  diastolic  heart  failure,
hypertensive heart disease is the most
common and ischemic heart disease is
the second most common in clinical
practice.[15]

Anemia was defined in this study
using the World Health Organization
criteria as follows: hemoglobin less than
12 g/dl in women and less than 13 g/dl
in men.[16] Epidemiological studies
have documented that patients with
anemia had a higher plasma brain
natriuretic peptide concentrations than
those with normal hemoglobin and this
association was statistically independent
of renal impairment, hypertension and
the presence of microvascular disease,
suggesting a direct link between plasma
BNP and anemia.[17]

The aim of this study is to evaluate
the relationship between anemia and
diastolic dysfunction of the heart in the
absence of other known risk factors
predisposing to diastolic dysfunction.
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Coronary artery disease
Diabetes mellitus
Obesity

Constrictive pericarditis
Aging

Patients and Methods

In a cross section observational analytic
variant study, consecutive patients
(n=100) with anemia (50 males and 50
females) were recruited from inpatient
ward, out patient internal medicine
clinic, and emergency department in
Alsadr medical city and compared with
controlled participants (n=100) free of
anemia (50 males and 50 females)
during the period from October 2009 to
February 2011.

Exclusion Criteria [18, 19]

1. Age more than 65 years.

2. Presence of uncontrolled
hypertension (Systolic blood pressure >
160 mm Hg and/or diastolic blood
pressure > 90 mm Hg).

3. Resting heart rate > 120 bpm or
arrhythmias.

4. Valvular heart disease (e.g. more
than mild regurgitant or stenotic mitral,
aortic, tricuspid, or pulmonic valve
disease).

5. Prosthetic heart valves.

6. Infiltrative cardiac disease such as
haemochromatosis.

7. Hypertrophic cardiomyopathy.
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8. Renal failure (GFR < 15 ml/min).

9. BMI > 30 kg/m?.

10. Known history of ischemic heart
disease.

11. Patients who are known to be
pregnant.

12. History of diabetes mellitus.

13. History of Malignancy.
Determination of Variables
Measurements were taken for blood
pressure and heart rate and height and

weight for determination of BMI. For
categorical analysis, obesity was defined
by a BMI >30 kg/m® Standard
biochemical indices in the form of blood
urea, serum creatinine, blood glucose
and hemoglobin concentration were
obtained in all subjects. Creatinin
clearance is obtained wusing the
Cockcroft and Gault equation which
stated that

(140-Age in yr) X lean body weight (Kg) x 1.22 males or 1.04 females

Crcl (Cand G) =

Serum creatinine Hmol/I

The presence of anaemia
followed the gender-specific definition
of Hb <13 g/dl in men and <12 g/dl in
women established by the WHO with
mild to moderate anemia defined as Hb
10 to <13 g/dl and severe anemia
defined as Hb < 11 g/dl.[20] ECG and
transthoracic Doppler echocardiography
examination were performed at the time
of standard indices collected.
Transthoracic Echocardiography
Transthoracic Doppler echocardiography
examination was performed using a
commercially  available  ultrasound
system (3.5 MHz transducer; General

Electric; LOGIC 3) in the supine and left
lateral decubitus position. Standard
parasternal and apical views were used
to assess for systolic and diastolic
dysfunction. Recordings and
measurements were obtained according
to the published recommendations of the
American Society of
Echocardiography.[21] M-mode
echocardiography was used to measure
cardiac dimensions and wall thickness.
LV  mass was measured on
echocardiogram at rest according to the
following formula:

LV mass = 0.8 x [1.04 (LVID + PWT + IVS)® — (LVID)*] + 0.6 ¢

Which was then corrected to
body surface area (ASE guidelines for
measurements) where IVS is diastolic
interventricular septal thickness, LVID
is diastolic LV internal dimension and
PWT is diastolic posterior LV wall
thickness. We considered female
participant who had left ventricular mass
index > 96 g/m® to have LVH and male
participant > 116 g/m? to have LVH.[22]
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LV EF was calculated using the two-
dimensional directed M-mode method at
two occasions and the modified
Simpson’s rule when possible. Systolic
dysfunction was defined by evidence of
regional wall motion abnormalities
and/or an EF of <50%. Traditional
parameters of diastolic function were
measured at the mitral leaflet tips over
three consecutive cardiac cycles and
included peak mitral E and A (early and
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late diastolic peak filling velocities)
waves, E/A ratio, and mitral E wave DT.
The normal values for E wave, A wave,

Table 2 Normal mitral inflow waves values

E wave (En)

A wave (Anm)

E/A ratio

E wave deceleration time

Diastolic function assessed by
this method was classified according to
published guidelines into normal,
abnormal relaxation pattern (mild or
grade 1), the intermediate or
pseudonormal pattern (moderate or
grade Il) and the restrictive (severe or
grade IIl) patterns.[25] Additionally

Table 3 Grading of diastolic dysfunction

E/A ratio, and the E wave deceleration
time are shown in Table 2. [24]

< 100 cm/s
<80 cm/s
0.7-15

150 — 250 ms

grade | is further classified into grade |
and grade la. Like wise, grade Il is
further classified into grade |l
(reversible with Valsalva maneuver) and
grade IV (irreversible with Valsalva
maneuver). [26] These grades are shown
in Table 3.

Grade 1 Impaired relaxation pattern

Grade 1la Impaired relaxation pattern with increased filling pressure
Grade 2 Pseudonormalized pattern

Grade 3 Reversible restrictive pattern

Grade 4 Irreversible restrictive pattern

The isovolumetric relaxation
time (IVRT) defined as the time from
aortic valve closure to mitral valve
opening and normally averaged 76 * 13
ms in adults was also obtained.
Typically, diseases that result in
elevation of left atrial pressure will
shorten the IVRT. Indeed diastolic
dysfunction often leads to prolongation
of IVRT.[11]

The pulmonary veins flow was not
routinely performed because of the
presumed difficulty in imaging this
flow.[11] Normal pulmonary vein inflow
consists of a diastolic and systolic phases
as well as an atrial reversal (AR) called
the pulmonary vein A wave. The normal
values in pulmonary vein flow pattern
are listed in Table 4.

Table 4 Normal values of the pulmonary veins flow waves

S wave
D wave
A wave
PV duration
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35 - 85 cm/sec
30 - 65 cm/sec
12 - 35 cm/sec
<30 ms
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The differentiation  between
normal diastolic transmitral flow pattern
and  pseudonormal  pattern  was
performed with the wuse of either
Valsalva maneuver or pulmonary vein
inflow pattern. In patients with normal
filling pressure, the Valsalva maneuver
decreases both the E and A velocities
and lengthens deceleration time (DT)
while in patient with pseudonormalised
pattern; Valsalva maneuver will disclose
the genuine abnormal pattern (Figure 1).
In addition, in patients with a restrictive

filling pattern the reversibility of
advanced diastolic dysfunction was
assessed with the Valsalva maneuver.
The diastolic Doppler velocity pattern
sometimes was triphasic not diphasic
(i.e., three waves instead of two waves).
This additional wave is termed an L
wave (Figure 2) and it represents
abnormal  relaxation with  marked
delayed active relaxation and elevated
filling pressures. Typically, the L wave
may be seen a patient who has LVH with
excellent systolic function.[14]

Figure 1 Valsalva maneuver effect on
mitral valve inflow pattern. Note the E/A
ratio of about 1:1 in Figure A. During the
Valsalva maneuver in Figure B, there is a
reversal of the E/A ratio and the
appearance of a slow relaxation pattern
which indicates grade Il diastolic
dysfunction.

Figure 2 Demonstration of the so called L wave.

PR il

because of the pulmonary vein inflow
pattern is not always helpful in this way,
presence of tachycardia with a rate more

(Figure 3) and the mitral valve inflow
patterns were not helpful. This pattern is
frequently seen in tachycardia and
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than 120 BPM had been excluded. In
patient with atrial fibrillation, the mitral
inflow A wave was not present (like that

Figure 3 Fusion of both E and A waves.

clearly defines diastolic dysfunction and
predicts elevated filling pressure[14],
evaluation of diastolic function required
integration of the anatomic and

of pulmonary vein flow A wave).
Presence of AF was also excluded in this
study.

EA fusion

o o allie

A

S Ok

all the different echocardiographic and
Doppler parameters. Guideline diagnosis
of diastolic dysfunction are listed in
Table 5.[24]

Table 5 Guideline diagnosis of diastolic dysfunction

Category Transmitral Duration of PV PV A-wave E/A E wave
filling pattern  A-wave reversal peak vel. ratio deceleration
(cm/s) time (ms)

Normal Normal Normal (<30 <35 0.7-1.5 150-250

ms)
Mild Slow Normal (<30 <35 <0.7 >250
dysfunction ms)
Moderate Pseudo-normal Prolonged (>30 > 35 0.7-1.5 150-250
dysfunction ms)
Severe Restrictive Prolonged (>30 > 35 >1.5 <150
dysfunction ms)

Newer modality of tissue Left atrial size

Doppler  echocardiography  provides LA diameter was determined using two-
much improved diagnostic accuracy dimensionally guided M-mode
compared with conventional methods for echocardiography. An M-mode

differentiating the pseudonormal pattern.
This modality is still not available yet at
the time of the research study.
Additional assessment of diastolic
function can also be made by cardiac
catheterization, radionuclide
angiography, and magnetic resonance
imaging or computed topographic
scanning.[26]
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echocardiogram through the base of the
heart offers one approach to measuring
LA size. By convention, the
measurement was performed at end-
systole  when LA volume was
greatest.[3] Normal value in this view is
2-4 cm.[11] Planimetry of left atrial area
from the four chamber view was also
used.® Normal value for LA area in this
view is less than 20 cm® Normal LA
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size is seen in grade 1; however, patients
with grade 1a, pseudonormal or
restrictive filling certainly have a dilated
LA.[27]

Statistical Analysis

The social package statistical service
(SPSS) wversion 11.5 was used for
categorical variables and p value <0.05

was considered to indicate statistical
significance. Calculations were done
also via SPSS.

Results
The baseline clinical characteristics of
the participants are shown in Table 6.

Table 6 Baseline Clinical Characteristics and Echocardiographic Values

Clinical Characteristic

Mean age, yr 43+ 10
Male sex 100
Female sex 100
Mean hemoglobin level, 122 +1.7
g/dL

Mean LVEF (%) 60 + 10
Mean LVEDD (cm) 46+0.9
LV mass index (g/m?) 94 +21
E wave (cm) 75.5+13
A wave (cm) 54 +12
E/A ratio 1.04+£0.3
LA dimension (cm) 3.17+0.3
LA area (cm?) 15.7+0.5

All Participants

Anemia* No Anemia**
42 £ 11 44 £ 10
50 50
50 50
109+1.0 13.7+1.1
60+ 9 60 £ 10
45+0.9 47+0.8
96 + 24 93 +£23
74 £ 13 76 £ 13
55+ 12 53+ 12
1.03+0.3 1.05+£0.3
3.21+0.3 3.13+0.3
16.3+0.4 15.2+0.3

LVEF = left ventricular ejection fraction, LVEDD = left ventricular end-diastolic

dimension.

*Hemoglobin level of <12 g/dL in women, <13 g/dL in men
**Hemoglobin level of >12 g/dL in women, >13 g/dL in men

Of the 200 participants enrolled
in this analysis, 100 (50%) were anemic
with a mean age of 42 + 11 years and
100 (50%) were non anemic (50%) with
a mean age of 44 + 10 years according to
the gender-specific definition of the
WHO.* The latter was the control
group. Of the former, 8 (8%) participants
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were discovered to have diastolic
dysfunction evident via
echocardiography (Figure 4) and 92
(92%) participants had no diastolic
dysfunction. None of the non-anemic
participants was discovered to have
diastolic dysfunction.
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2.54

151 O Diastolic dysfunction

Grade!| Gradela Gradell Gradelll Grade IV

Figure 4 Diastolic dysfunction grades among participants.

The relation between hemoglobin
level and diastolic dysfunction had been
studied then as shown in Table 7.

Table 7 Association between level of hemoglobin and diastolic function

Level of hemoglobin Diastolic function Total
Normal Abnormal

Normal 100 0 100

Anemic 92 8 100

Total 192 8 200

P value = 0.004 (significant)

Among the anemic participants, 12 and non-anemic individual are then
(12%) had discovered to have left cross-tabulated to prove that anemia can
ventricular hypertrophy while no one correlate  with left  ventricular
from the non-anemic participants had hypertrophy as shown in Table 8

been discovered to have LVVH. Anemic

Table 8 Association between level of hemoglobin and left ventricular hypertrophy

Level of hemoglobin LVH Total
Present Absent

Normal 0 100 100

Anemic 12 88 100

Total 12 188 200

P value = 0.00004 (highly significant)

Of the anemic participants who had dysfunction evident via the variable
LVH, 6 (50%) participants had diastolic parameters of echocardiography. Among
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the remaining anemic participants discovered to have diastolic dysfunction.
without LVH, only two had been This relation is shown in Table 9.

Table 9 Association between left ventricular hypertrophy and diastolic dysfunction

Diastolic dysfunction LVH Total
Absent Present
Present 2 6 8
Absent 86 6 92
Total 88 12 100

P value = 0.00004 (highly significant)

Anemic participants are then patients. The latter group included 40
classified into two groups according to participants  (40%) and diastolic
the level of hemoglobin; group one with dysfunction was only obtained in 3
hemoglobin level that is less than normal participants.  Diastolic  dysfunction
but more than 10 g/dl and group two irrespective to the grade is thus obtained
with hemoglobin level that is less than in 8 patients (8%). This cross sectional
10 g/dl. The former group included 60 study is performed to prove that severe
participants  (60%) and diastolic anemia was the cause behind diastolic
dysfunction was obtained in only 5 dysfunction as shown in Table 10.

Table 10 Association between diastolic dysfunction and severity of anaemia

Diastolic function Severity of anaemia Total
> 10 g/dl <10 g/dl
Abnormal 5 3 8
Normal 55 37 92
60 40 100

P value = 0.880 (non-significant)

Diastolic dysfunction had been found dysfunction (8%) are then grouped
using the variable parameters of according the degree of diastolic
echocardiography as shown in Table 11. dysfunction they had to assess whether
After that, the two groups of anemic the severity of anemia correlates with
participants (as classified above whom diastolic dysfunction grade as shown in
totaling 100 patients) who had diastolic Table 12.
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Table 11 Echocardiographic findings in participants with diastolic dysfunction

Diastolic dysfunction grades E/A ratio

Grade | 0.6
Grade la 0.5
Grade Il 1.2
Grade 11 1.6

E wave deceleration | Number of

time (ms) participants
300 1
310 3
215 3
120 1

Table 12 Association between the severity of anaemia and diastolic dysfunction grades

Diastolic dysfunction Anemic patients Total
> 10 g/dl <10 g/di

Grade 1 1 0 1
Grade 1a 3 0 3
Grade 2 1 2 3
Grade 3 0 1 1
Grade 4 0 0 0

5 3 8

P value = 0.161 (non-significant)

Anemic participants who were classified
according to the sex into 50 anemic male
and 50 anemic female were studied in
relation to diastolic dysfunction to

analyze and verify the effect of sex of

Table 13 Association between diastolic function and anemic sex

Diastolic function

Anemic male
Normal 45
Abnormal 5
Total 50

Anemia according to the sex

anemic participants upon diastolic
function as shown in Table 13.
Total
Anemic female
47 92
3 8
50 100

The P value = 0. 461 (non-significant)

Discussion

The presence of anemia is associated
with adverse outcomes in many clinical
conditions like myocardial ischemia and
its relation to heart failure has also been
appreciated.[28] Recent studies have
demonstrated that anemia is highly
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prevalent in patients who have heart
failure and is strongly associated with
systolic dysfunction.[29] However, <
50% of patients who have heart failure
have preserved systolic function[ 30]
and the association of anemia with
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diastolic dysfunction in this population
was analysed in this study.

In patients with heart failure,
anemia has been linked to more severe
cardiac dysfunction, increased brain
natriuretic peptide and a worse prognosis
even after adjustment for conventional
risk factors such as coronary heart
disease, hypertension, and renal
dysfunction. Anemia has a range of
effects on cardiac structure, including
myocyte hypertrophy and interstitial
fibrosis leading to left ventricular
hypertrophy. Over time functional
changes occur, with impaired left
ventricular relaxation and compliance
leading to diastolic dysfunction.[31]

In this study, anemia had a
statistically significant (P = 0.004)
detrimental effect on diastolic function
of the heart when other known risk
factors for diastolic dysfunction were
excluded. This is because the process of
left ventricular relaxation is energy
dependent. This was consistent with
Sarnak, M.J. et al. [32] who
demonstrated the impact of anemia on
diastolic  function and showed a
correlation between anemia and left
ventricular filling disturbances.
Likewise, Steinborn W. et al.[17] had
also related anemia with left ventricular
diastolic dysfunction.

There was a statistically high
association (0.00004) between anemia
and left ventricular hypertrophy. This
was consistent with Amin et al. [33] who
had examined the relation between
anemia and left ventricular hypertrophy.
In his study and after adjusting for
confounders, there was a small but
significant association between
hematocrit and left ventricular mass.

A highly statistical correlation
(0.00004) between left ventricular
hypertrophy due to anemia and diastolic

Mohammed Abd Abdul Hussein

dysfunction of the heart had been found
in this study. This was consistent with
studies predominantly done in cohorts
that had established kidney disease that
found anemia to be linked to LVH.[34]
LVH is therefore the leading hypothesis
believed to explain the association of
anemia with diastolic heart failure. On
the other hand, Slama M. et al.[35] had
suggested that overt LVVH is not required
for diastolic dysfunction to occur and
Nair et al.[36] had even suggested that in
the absence of LVH, anemia remained
strongly associated with diastolic
dysfunction, implying that this could be
a unique complication of anemia and
explaining the development of diastolic
dysfunction in some anemic participant
(2%) who had no LVH.

We might enroll some participants in the
lag period between the development of
LVH and the appearance of functional
disturbance of diastolic heart function.
This might explain the development of
LVH in 6% of anemic participants who
showed no diastolic dysfunction.

The hemodynamic effects of severe
anemia had also been studied and shown
that there was no statically significant
association with diastolic dysfunction
when firstly taken as a whole (P = 0.880)
and when secondly graded (P value =
0.161). This was inconsistent with Varat
MA et al.[37] who had studied the
hormonal and metabolic effects of
anemia on cardiac functions and
suggested a direct myocardial toxicity
and indirect cardiac strain through salt
and water retention. He had related these
specific effects to the more severe
degree of anemia (Hb <10 g/dI).

The effect of sex of anemic
participants was a statistically non-
significant (P = 0. 461) upon diastolic
dysfunction. This was inconsistent with
Amin et al. [33] who had suggested that
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there was a modest association between
anemia and LVH in men as a cause of
diastolic dysfunction, but the relation
was not statistically significant in
women.

Conclusion

Anemia is significantly related to the
development of left ventricular diastolic
dysfunction when other known causes
are excluded. Despite any level of
hemoglobin reduction below normal can
result in any grade of diastolic
dysfunction ranging from mild to severe
form.  With this study, diastolic
dysfunction appears not to be influenced
by sex.

Recommendations

1. The measurement of hemoglobin,
which is inexpensive test, may be a
useful tool to identify patients with
diastolic cardiac dysfunction.

2. Measurement of BNP in patients with
anemia.

3. Measurement of diastolic function for
anemic patients by tissue Doppler
echocardiography when become
available.

4. For the future studies, the cause of
anemia is to be focused on to correlate
with diastolic dysfunction.

5. Further work is needed to determine
whether treatment of anemia improves
outcomes.
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