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Abstract: This study reports differential blood cells counts and their correlations with creatine kinase (CK) and C-
reactive protein (CRP) levels in acute myocardial infarction (AMI) patients and normal subjects. Peripheral blood sam-
ples were obtained from all 39 AMI patients and 35 controls for blood cell counts and CK and CRP analyses. Total
WBC, WBC fractions, RBC and platelets were measured with an automated hematology analyzer. The results showed
a significant increase in total WBC (8.688 x 109/L versus 6.148 x 109/L), monocytes (1.271 versus 0.497 x 109/L),
and neutrophils (8.367 versus 3.223 x 109/L) counts in AMI patients than controls. The RBC count was significantly
less in AMI patients (4.638 x 1012/L) as compared to controls (5.105 x 1012/L). However, there was no significant
difference in lymphocytes, eosinophils, basophils and platelet counts between AMI patients and controls. Both, se-
rum CK (215.38 + 43.15 versus 100.82 + 8.86 U/L) and CRP (29.49 + 7.61 versus 3.48 + 0.60 mg/L) were signifi-
cantly higher in AMI patients as compared to controls. Age of the subjects was neither correlated with blood cell
counts nor CK indicating the validity of these markers irrespective of patient age. A significant correlation was ob-
served between WBC counts and CK (R = 0.242, P = 0.041) as well as CRP (R = 0.416, P = 0.000). In conclusion,
this study clearly showed significant increase in total and differential leukocyte counts indicating a pro-inflammatory
cascade in AMI patients. A significant correlation between WBC counts and CK or CRP levels suggest a possible bio-
marker value of WBC for a quick prediction of both myocardial necrosis and inflammation in AMI patients.
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Introduction

Cardiovascular diseases represent one of the
most important causes of death worldwide.
Acute myocardial infarction (AMI) is a critical
complication resulting from ischemic insult due
to progressive reduction of the arterial lumen by
excessive formation of atherosclerotic plaque.
AMI is followed with strong systemic inflamma-
tory response to myocardial damage. The per-
sistence and autoamplification of immuno-
inflammatory reaction contribute to the patho-
genesis of atherosclerosis as well as its compli-
cations such as AMI [1]. The existence of a pro-
inflammatory cascade in AMI patients has been
confirmed by several biomarker studies [2-5].
Atherogenesis results from the interaction be-

tween the biology of the arterial wall and the
various stress stimuli present in the circulating
blood [1]. Peripheral blood mononuclear cells
(PBMCs) increase after AMI and infiltrate to the
infarct region. Increased PBMC count is signifi-
cantly correlated with left ventricular remodel-
ing, suggesting that PBMCs play a pivotal role
for the development of left ventricular remodel-
ing after AMI [6]. An elevated WBC count has
been significantly associated with higher risk of
in-hospital mortality; patients in the highest
quartile of WBC count are about three times
more likely to have a poor prognosis after AMI
than those in the lowest quartile [7].

Basili et al [8] have shown that determination of
neutrophil counts might help to improve the
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accuracy of AMI diagnosis in emergency pa-
tients. Hong et al [9] have suggested an impor-
tant role of monocytes in the expansion of the
infarct and the development of chronic ischemic
heart failure after reperfusion therapy. Periph-
eral monocytosis is associated with left ventricu-
lar dysfunction, suggesting a possible role of
monocytes in the development of left ventricular
remodeling after reperfused AMI [10]. The peak
monocyte count recorded during the immediate
postinfarction period provides a bedside marker
of the extent of myocardial damage [11]. Acti-
vated monocytes and neutrophils could be a
significant source of free radicals which are in-
volved in lipid peroxidation and cause tissue
damage in early postinfarction period [12]. A
higher baseline platelet count in patients with
AMI is a powerful independent predictor of
death and reinfarction within the first year after
primary percutaneous coronary intervention
[13]. Goncalves et al [14] have shown that an
elevated mean platelet volume (MPV) is a
strong independent predictor of long-term out-
comes after percutaneous coronary intervention
and possesses a prognostic value similar to that
of troponin in patients with AMI.

Although the prognostic role of blood cell counts
in AMI has been documented, the relationship
between differential blood cell count and
creatine kinase (CK), a marker of myocardial
damage, is not clear. CK is a reliable marker for
prediction of infarct size and left ventricular
function in the acute phase as well as subse-
quent cardiac events after AMI [15, 16]. This
study reports differential blood cells counts and
their correlation with CK levels in AMI patients
and normal subjects.

Materials and methods

This study was conducted on 39 AMI adult pa-
tients (29 males, 10 females) admitted to

Prince Sultan Cardiac Center of the Armed
Forces Hospital, Riyadh, Saudi Arabia. We also
recruited and 35 normal subjects (25 males, 10
females) for comparative evaluation of various
parameters. Peripheral blood samples were
obtained from all patients and controls for blood
cell counts (K2EDTA tubes), CK and troponin T
analysis (serum separator tubes). Total WBC,
WBC fractions (lymphocytes, monocytes, neutro-
phils, eosinophils and basophils), RBC, platelets
and other hematology parameters were meas-
ured using an automated hematology analyzer,
XE-2100 (Sysmex, UK). Serum CK was analyzed
spectrophotometrically using COBAS Integra-
800 system (Roche Diagnostics, Germany). Tro-
ponin T hs was analyzed using commercially
available sandwich ELISA kit (Roche Diagnos-
tics, Germany). Serum CRP was determined
immunoturbidimetrically on COBAS system us-
ing the principle of human CRP agglutination
with latex particles coated with monoclonal anti-
CRP antibodies.

The data were evaluated by SPSS statistical
package version 10. Independent samples Stu-
dent’s t-test (2-tailed) was used to compare
means of different parameters between pa-
tients and controls. Pearson’s correlation test
was performed to examine various correlations.
P values <0.05 were considered as statistically
significant.

Results

All the control subjects had troponin values less
than 0.003 ng/mL whereas the level of troponin
in AMI patients was found to be 0.319 + 0.091
ng/mL. There was a significant increase in WBC
count in AMI patients (8.688 x 109/L) as com-
pared to controls (6.148 x 109/L) (Table 1). The
differential leucocytes counts showed signifi-
cant increases in monocytes (1.271 versus
0.497 x 109/L), and neutrophils (8.367 versus

Table 1. Blood cell counts in AMI patients and normal subjects.

Blood cells Controls (N=35) AMI Patients (N=39) P value (2-tail)
WBCs 6.148 + 0.289 8.688 + 0.831 0.007*
Lymphocytes 2474 +0.295 4.382 + 0.904 0.059
Monocytes 0.497 £ 0.026 1.271 £ 0.323 0.027*
Neutrophils 3.223 + 0.260 8.367 £ 2.156 0.028*
Eosinophils 0.208 + 0.021 0.239 £ 0.051 0.593
Basophils 0.020 + 0.006 0.021 + 0.006 0.913
RBCs 5.105 + 0.092 4.638 + 0.090 0.001*
Platelets 268.3 + 8.858 272.7+16.78 0.823

The values are mean + SEM. All blood cell counts are x 109/L, except RBC (x 1012/L). *Statistically significant.
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Figure 1. Serum creatine kinase (CK) levels (mean +
SEM) in controls and AMI patients. *P<0.05 versus
control groups using t-test.

3.223 x 109/L) in AMI patients than controls.
However, there was no significant difference in
lymphocytes, eosinophils and basophils counts
between AMI patients and controls (Table 1).
RBC counts were significantly less in AMI pa-
tients (4.638 x 1012/L) than controls (5.105 x
1012/L). The platelets counts did not differ be-
tween the two groups.

The levels of CK were significantly higher in AMI
patients (215.38 + 43.15 U/L) as compared to
controls (100.82 + 8.86 U/L) (Figure 1). There
was a significant increase in serum CRP in AMI
patients (29.49 + 7.61 mg/L) than controls
(3.48 + 0.60 mg/L) (Figure 2). A significant cor-
relation was observed between WBC count and
CK (R=0.242, P = 0.041) as well as CRP (R =
0.416, P = 0.000) (Table 2). Both CK and CRP
did not significantly correlate with other blood

Control AMI

Figure 2. Serum C-reactive protein (CRP) levels
(mean £ SEM) in controls and AMI patients. *P<0.01
versus control groups using t-test.

cell types except a significant correlation be-
tween CRP and platelets (R = 0.386, P =
0.001). There was no correlation between age
and WBC, RBC, platelets and CK; however, CRP
was significantly correlated with age (R = 0.271,
P =0.023).

Discussion

The results showed a significant increase in
total WBC, neutrophils and monocytes counts in
AMI patients as compared to normal subjects
(Table 1). Age of the subjects was neither corre-
lated with blood cell counts nor CK indicating
the validity of these markers irrespective of pa-
tient age. A significant correlation between CK
(representing the extent of myocardial necrosis)
and WBC suggests the predictive value of WBC
count for myocardial damage in AMI patients.
Total WBC count has been regarded as an inde-

Table 2. Pearson correlation between blood cell counts and age versus CK and CRP.

CK CRP
R P (2-tail) R P (2-tail)
WBCs 0.242 0.041* 0.416 0.000*
Lymphocytes -0.037 0.758 0.009 0.943
RBCs 0.071 0.552 -0.151 0.205
Platelets -0.087 0.465 0.386 0.001*
Age 0.091 0.455 0.271 0.023*

*Statistically significant.
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pendent predictor of death or myocardial infarc-
tion in patients with coronary artery disease
[17]. A higher WBC count may be associated
with progression of myocardial damage after
recanalization in patients with early recanaliza-
tion of an anterior AMI [18]. Afiune Neto et al
[19] have observed a higher prevalence of leu-
kocytosis in AMI patients than the stable coro-
nary artery disease; monocytosis being an inde-
pendent variable for AMI. Dogan et al [20] have
shown that basal leukocyte and neutrophil
counts on admission and first day are positively
correlated with peak creatine kinase-myocardial
band, peak cardiac troponin and infarct size in
AMI patients. Elevated leukocyte and neutrophil
counts after primary percutaneous coronary
intervention in patients with ST-segment eleva-
tion myocardial infarctions are directly related
to myocardial infarct size and the left ventricular
ejection fraction and are independent predic-
tors of cardiovascular outcomes [21]. Moreover,
leukocyte thrombogenic profile is a relevant
player in patients with a high risk of thromboem-
bolic events and may represent a suitable target
for molecular intervention [22].

A significant increase in CRP indicated a state of
inflammation in AMI patients (Figure 2). In AMI,
a loss of regulation of the inflammatory system
occurs in patients with a decreased activity of
regulatory T-cells, resulting in the boost of ag-
gressive T-cells and the drop of anti-
inflammatory T-cells which leads to pleiotropic
proinflammatory imbalance with damaging ef-
fects in patient outcome due to this uncon-
trolled immune response [23]. Recently, neutro-
phil/lymphocyte ratio (NLR) has been suggested
as an independent predictor of short- and long-
term mortalities in patients with non-ST-
segment elevation myocardial infarction
(NSTEMI); patients in the highest NLR tertile
(NLR > 4.7) had a higher 4-year mortality rate
compared to those in the lowest tertile (NLR <
3.0) [24]. Horne et al [17] have also observed
greater predictive ability by high neutrophil and
low lymphocyte counts while the greatest risk
prediction is given by the NLR > 4.71.

Neutrophils are rapidly released into the circula-
tion upon acute stress such as AMI [25]. Neu-
trophil count correlates with the risk of myocar-
dial infarction and stroke and identify patients
more susceptible to reinfarction and in-hospital
death [22, 26]. Neutrophil count adds prognos-
tic information to major adverse cardiac events
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in acute coronary syndrome whereas monocyte
and lymphocyte counts are predictive of severity
of coronary atherosclerosis [27]. The accuracy
of the neutrophil count for diagnosing AMI,
quantified by the area under the receiver oper-
ating characteristic curve (AUC), was signifi-
cantly lower than that of cardiac troponin T [25].
Monocytes are the cells of the immune system
that give rise to macrophages that participate in
a maladaptive and nonresolving inflammatory
response triggering acute thrombotic vascular
disease including AMI [28]. Nozawa et al [29]
have suggested that circulating monocytes play
an important role in the progression of coronary
plague in AMI, while the peak monocyte count
during might be a predictor of plaque progres-
sion. Despite significantly higher leukocytes and
monocytes counts after myocardial infarction, a
rapid depression of monocytic HLA-DR expres-
sion and a defective lymphocytic IFN-y produc-
tion indicate an immediate suppression of cell-
mediated immune responses after myocardial
infarction [30]. Although neutrophils and mono-
cytes counts on the first days after AMI treated
with primary primary coronary angioplasty are
related to markers of effective myocardial reper-
fusion, only monocytes are significantly and
associated with contractile recovery of the in-
farcted area at 6 months [31].

We observed a significant decrease in RBC
counts in AMI patients however the platelets
count did not differ between AMI patients and
controls (Table 1). Cemin et al [32] have ob-
served that RBC distribution width and platelets
count did not differ between chest pain patients
with and without AMI. However, the mean plate-
let volume was significantly higher in AMI pa-
tients suggesting the inclusion of these parame-
ters along with other conventional cardiac bio-
markers for evaluating patients with suspected
AMI [32]. Pan et al [33] have noticed significant
decrease in platelet number after AMI, espe-
cially on the second day after onset but re-
turned to the normal on the 5-7th day after the
heart attack. The decrease in platelet number
was markedly present in cases with heart failure
and cardiac death [33]. An increased leukocyte-
platelet functional interaction in AMI at the site
of plaque rupture relative to the systemic circu-
lation may be one of the pathogenetic mecha-
nisms responsible for myocardial dysfunction
[34]. Platelet-neutrophil aggregates from rup-
tured plaque may be associated with impaired
coronary microcirculation and resultant myocar-
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dial necrosis or dysfunction in AMI patients [35].
The interaction between circulating platelets
and neutrophils influences innate immune func-
tions, possibly contributing to regulate vascular
inflammation [36].

In conclusion, this study clearly showed signifi-
cant increase in total and differential leukocyte
counts indicating a pro-inflammatory cascade in
AMI patients. A significant correlation between
WBC and CK as well as CRP suggests the rele-
vance of WBC counts for the prediction of myo-
cardial damage and inflammation in AMI pa-
tients.
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