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Abstract
Background: Anemia is a known risk factor for ischemic heart

disease. Based on knowledge of the physiologic role of oxygen delivery
to the myocardium, anemia may be a cause of more severe
cardiovascular diseases or a marker of other processes occurring in
the body that induce more severe disease.

Objectives: To investigate the relationship between anemia and
the clinical picture of IHD, including manifestations, severity and
complications.

Methods: The population studied comprised 417 similarly aged
patients with IHD and anemia. The patients were categorized into
subgroups of IHD according to disease severity: namely, angina
pectoris, acute ischemia, acute myocardial infarction, congestive heart
failure or cardiac arrhythmias. Two populations served as control
groups: patients with anemia but no IHD (C-I) and patients with IHD
without anemia (C-II). A standard anemia workup was conducted in all
patients with IHD and anemia and a correlation was made between the
hematologic parameters and the manifestations and complications of
IHD.

Results: The common presenting symptom was chest pain in the
study group and in C-II (94% and 86% respectively) and weakness
(90%) in C-I. Patients with IHD and anemia tended to suffer from a
more advanced degree of IHD (80%) compared to patients with IHD
alone who had milder disease (46%). Hematologic values including
hemoglobin, mean cell volume, serum iron and total iron-binding
capacity correlated inversely with disease severity among anemic
patients with IHD. There were significant differences between the study
group and C-II regarding CHF (31% and 18% respectively) and
arrhythmias (41% and 16% respectively). The mortality rate was higher
in patients with IHD and anemia than in patients with IHD alone (13%
and 4% respectively).

Conclusions: Anemia is a significant risk factor in IHD. It
correlates with advanced IHD, CHF, rhythm disturbance and higher
mortality rate. An aggressive therapeutic and preventive approach
might improve the outcome of this disease
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Anemia has been recognized as a risk factor for ischemic heart

disease [1]. The role of reduced oxygenation due to decreasing

hemoglobin and hematocrit on the myocardial performance has

also been studied, especially on the physiologic level [1,2].

However, the precise impact of anemia on the clinical picture of

IHD, i.e., manifestations, severity and complications, has hardly

been investigated. We undertook the present study in an attempt to

better characterize these relations between anemia and IHD.

Patients and Methods

The charts of all patients admitted to the Department of Medicine

B, Hasharon Hospital, Petah Tiqva, Israel between January1993 and

December 1997 were screened. The study group consisted of

patients who were admitted for evaluation and treatment of IHD

and were found to have anemia, defined as hemoglobin <12 g/dl for

males and <11.5 g/dl for females.

The patients with IHD were divided into three categories: angina

pectoris, acute ischemia, and acute myocardial infarction. The

diagnosis was established as described in the literature [3]. All

patients were further classified regarding the presence or absence

of congestive heart failure. Additionally, patients with rhythm

disturbance were divided into groups with supraventricular and

ventricular arrhythmias.

Two groups of patients served as controls: the first consisted of

50 consecutive patients with IHD aged >65 years (age-matched

population) admitted to the Department of Medicine during a 6

month period, June through December 1997, for evaluation and

treatment of anemia (C-I); and the second comprised 50 con-

secutive patients without anemia who were admitted for IHD during

December 1997 (C-II).

The anemia workup included complete blood count, routine

blood chemistry, serum iron concentration, total iron-binding

capacity, vitamin B12 and folic acid. The study groups were

characterized and the correlation between IHD, its severity, its

clinical manifestations and its complications (arrhythmias, CHF and

in-hospital mortality), and the hematologic parameters were

determined using standard statistical methods.

Statistical analysis

Two-way variance analysis was used to compare the results of the

hematologic parameters in the study group and group C-I. We used

Pearson's correlation test to quantify the associations between

hematologic parameters and clinical presentations in the study

group, as compared with group C-II. Data are expressed as mean

+ SD. The accepted statistical significance was P < 0.05.

Results

Patient characteristics

The study group comprised 317 patients who met the criteria for

both IHD and anemia during the study period. There were 134

female and 183 male patients with a mean age of 76.1 + 4.2 years.

The control group C-I (anemia without IHD) included 50 patients

(27 females and 23 males), mean age 76.4 + 6.3 years. In control
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IHD = ischemic heart disease

CHF = congestive heart failure
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group C-II (IHD only) there were 20 female and 30 male patients,

with a mean age of 73.6 + 7.4 years.

On admission, the common symptoms in the study group were

chest pain (94%), cold sweating (40%), dyspnea (38.5%), palpita-

tions (26%), nausea (12%) and weakness (12%). The most common

complaint in C-I patients was weakness (90%), while in C-II patients

it was chest pain (86%). The mean hemoglobin level was 8.9 + 1.6

g/dl in the study group as compared to 9.5 + 1.8 g/dl in the C-I

group (P = 0.014). Mean cell volume and serum iron concentrations

were 80.6 + 5.3 Fl and 40.7 + 10.5 mg/dl respectively in the study

group and 87.5 + 9.2 Fl and 71 + 58.2 g/dl respectively in the

control group.

IHD subgroups

Anemia was associated with a more advanced clinical presentation

of IHD: In the study group only 20% of the patients suffered from

angina pectoris alone, while 44% had acute ischemia and 36% had

myocardial infarction. In contrast, in the C-II group (IHD only) the

subgroup percentages were 54%, 26% and 20%, respectively.

Hematologic parameters in IHD subgroups [Table 1]

The severity of IHD increased with the mean age of patients: the

ages were 71.9 years in patients with angina pectoria, 74 years in

acute ischemia, and 77.7 years in the myocardial infarction

subgroup. The mean hemoglobin level in the three subgroups

was 10.7, 8.7 and 8.2 g/dl respectively. Lower levels of hemoglobin,

MCV, Fe concentration and TIBC were all associated with more

severe heart disease. Serum levels of folic acid and vitamin B12 were

not significantly different among the subgroups.

Congestive heart failure [Table 2]

CHF was diagnosed in 98 patients (31%) in the study group but in

only 9 patients (18%) in control group II. The mean age of the

patients who developed CHF in both groups (the study group and

C-II) was higher (77.2 and 79.8 years respectively) than in patients

who remained free of this complication (75.5 and 72.3 years

respectively). In addition, the tendency to develop CHF increased

with decreasing levels of hemoglobin, MCV, serum Fe and TIBC

[Table 2].

Cardiac arrhythmias [Table 3]

Of the 317 patients in the study group, 130 (41%) developed

rhythm disturbances compared with only 8 patients (16%) in the

C-II group. Of these 130 patients, 75 (58%) had supraventricular

arrhythmias (sinus tachycardia, atrial premature beats, atrial

fibrillation), and 55 (42%) had ventricular arrhythmias (ventricular

premature beats, ventricular tachycardia, ventricular fibrillation).

Lower levels of hemoglobin, Fe and TIBC correlated with a

greater tendency to develop ventricular as opposed to supraven-

tricular arrhythmias.

In-hospital mortality [Table 4]

Forty-two of the 317 patients in the study group (13%) died during

hospitalization, compared with only 2 patients (4%) in the C-II

group. The causes of death were ventricular fibrillation (45%),

pulmonary edema (18%), cardiogenic shock (18%), and others

(19%). Patients who survived were younger (75.7 vs. 78.4 years) and

had higher hemoglobin, MCV and Fe levels.

Discussion

Anemia has been shown to be an important factor in increasing

cardiac output to maintain adequate oxygen supply to the tissues

[1,4], and several mechanisms have been suggested: among them

increased stroke volume [5] and decreased peripheral vascular
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Table 1. Hematologic parameters in patients with IHD and anemia

Risk factor*

Angina pectoris

subgroup

(n= 63)

Acute ischemia

subgroup

(n=141)

Myocardial

infarction

subgroup

(n=113) P value**

Age (yrs) 71.9+ 4.6 74 + 3.7 77.7+ 4.2 <0.001

Hb (g/dL) 10.7+ 1.6 8.7 + 1.2 8.2 + 1.2 <0.001

MCV (Fl) 81.5+ 4.5 80 + 6.2 79.2+ 5.2 0.005

Fe (mg/dl) 42.2+ 10.1 42.4+ 10.9 37.8+ 9.6 <0.001

TIBC (mg/dl) 327.5 + 47.1 315.4 + 70.6 283.6 + 60.4 <0.001

* Mean values

** The P value represents the difference between the angina pectoris and

the myocardial infarction subgroups

Table 2. Hematologic parameters in patients with IHD, anemia and CHF

Parameter*

CHF

(n=98)

No CHF

(n=219) P value

Hb (g/dl) 8.4 + 1.6 9.1 + 1.5 <0.001

MCV (Fl) 77.7+ 4.7 81.4+ 5.2 <0.001

Fe (mg/dl) 39.7+ 10.8 41.3+ 10.4 0.021

TIBC (mg/dl) 294.6 + 67.9 311.8 + 63.4 0.003

* Mean values

Table 3. Hematologic parameters and arrhythmias in patients with IHD and

anemia

Parameter*

SVA

(n=75)

VA

(n=55) P value

Hb (g/dl) 9.6 + 2 8.2 + 1.3 <0.001

MCV (Fl) 80.7+ 5.6 79.8+ 3.2 0.065

Fe (mg/dl) 42.1+ 8.5 38.2+ 9.2 0.0015

TIBC (mg/dl) 318.1 + 58.1 294.4 + 59.1 0.0025

* Mean values

Table 4. Hematologic values and in-hospital mortality in patients with IHD and

anemia

Parameter*

Surviving

patients

Deceased

patients P value

Age (yrs) 75.7+ 4.1 78.4+ 4.1 <0.001

Hb (g/dl) 9.0 + 1.6 8.3 + 1.4 <0.001

MCV (Fl) 80.8+ 5.3 77.7+ 5.1 0.009

Fe (mg/dl) 41.4+ 10.5 35.9+ 9.9 <0.001

TIBC (mg/dl) 307.6 + 64 299.2 + 74.3 0.044

* Mean values

MCV = mean cell volume

Fe = serum iron

TIBC = total iron-binding capacity
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resistance [6,7]. When hemoglobin concentration is reduced to less

than half the normal level, ventricular function is impaired,

presumably because the coronary flow has approached its

maximum [8]. Angina pectoris usually occurs in patients with

underlying coronary disease [9], however in anemic patients it may

occur without coronary disease because of the low hemoglobin

level [10,11]. Anemia as well as IHD and systolic dysfunction have

been shown to be an independent and significant risk factor for CHF

recurrence [12]. However, unlike patients with myocardial disease,

patients with anemia have a high cardiac output and low systemic

vascular resistance and blood pressure [13]. Successful treatment of

anemia is associated with significant improvement in functional

class and cardiac and renal function, and a reduced need for

diuretics and hospitalization [14].

In this study we attempted to determine the clinical implication

of anemia in patients with IHD. Eighty percent of patients in the

study group were admitted because of an ischemic event (acute

ischemia and myocardial infarction), while angina pectoris alone

was the main presentation in the C-II group. Our data demonstrate

that anemia is associated with an increased risk to develop

clinically severe IHD. Our data also confirm the association between

an increased tendency to develop CHF and decreasing levels of

hemoglobin.

Studies have shown that a 1 g/dl decrease in hemoglobin level

is an independent, statistically significant risk factor for the

development of cardiac morbidity and mortality, especially in

patients with chronic renal failure [15]. The current study confirms

that lower hemoglobin level is associated with increased cardio-

vascular mortality.

Acute myocardial infarction, similar to chronic inflammatory

diseases, may be accompanied by a significant decrease of Fe and

TIBC, especially during the first 3 days [16,17]. Potential mechan-

isms include direct damage of the vessels or an immunologic

inflammatory response. An increased uptake of iron in the reticulo-

endothelial system for synthesis of ferritin may account for the

lowered Fe level and iron saturation of tranferrin and TIBC [17,18].

We obtained similar results: patients who developed myocardial

infarction had lower levels of Fe and TIBC compared with patients

with angina pectoris alone. This finding further suggests a role for

inflammation in the pathogenesis of myocardial infarction.

Although the statistical methods lack multivariate analysis that

emphasizes the independent causes of the adverse outcomes, the

present study confirms previous reports describing anemia as a risk

factor for IHD. The correlation of hemoglobin, MCV, Fe and TIBC

with the adverse outcomes might also be due to extensive

neurohormonal and inflammatory activation, and it is possible

that anemia and especially the low Fe/TIBC are not responsible for

the adverse outcomes but are markers of other processes occurring

in the body. Further studies are needed to determine which of these

factors are markers of more severe disease and which are

independent causes. At this stage, physicians should be alert to

the association between anemia and cardiovascular morbidity and

mortality, especially in the older population, and should consider

an earlier and more aggressive therapeutic approach towards the

correction and prevention of anemia.
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