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Neutrophil to lymphocyte ratio might help prediction of acute
myocardial infarction in patients with elevated serum creatinine

Ahmet Nalbant', Hakan Cinemre?, Tezcan Kaya?,
Ceyhun Varim?*, Perihan Varim?®, Ali Tamer®

ABSTRACT

Background and Objective: Diagnostic performance of troponin assays is affected by renal insufficiency.
Neutrophil to lymphocyte ratio(NLR) is an independent predictor of acute coronary syndrome.Our objective
was to evaluate performance of NLR in diagnosing acute myocardial infarction (AMI) among patients with
elevated serum creatinine.

Methods: Patients with elevated creatinine levels evaluated for coronary artery disease were included
(n=284).Patients were divided into two groups according to having AMI or non-specific chest pain. AMI
diagnosis was made based on clinical and laboratory data, including serial EKG and cardiac enzymes, ECHO
and coronary angiography.

Results: Troponin, neutrophil, and NLR were found to be higher in patients with AMI, compared to patients
without AMI (P= 0.001, P= 0.001 and P=0.028, respectively). ROC curve analysis for NLR in diagnosing AMI
was significant(AUC:0.607; P=0.003). Sensitivity, specificity, LR +, LR-, PPV and NPV for NLR>7.4 were
found as 42.3%, 74.7%, 1.68%, 0.77%, 77% and 40%, respectively. Logistic regression analysis revealed that
patients whose NLR>7.4 were 2.18 times as likely to have AMI.

Conclusions: NLR can be used as an independent predictor of AMI in patients with renal insufficiency. This
seems to get more important in the era of high sensitivity troponin assays. Our results might also help in
early diagnosis of AMI in this high risk population while serial cardiac enzyme results are pending.
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elevated troponin-I (In-I) level is a significant
diagnostic and prognostic indicator in predicting
AMPI*, its predictive performance decreases in case
of elevated serum creatinine.

High Tn-I levels in patients with reduced renal
function are likely to be multifactorial. Intact
troponins are large molecules; therefore, the
kidneys can primarily be responsible for their
clearance from the serum.® Additionally, coronary
ischemia is frequently present in patients with renal



insufficiency and it is not very clear whether the
Tn-I elevation is caused by ischemia or the chronic
process of renal insufficiency. Although there is no
specified method, increasing troponin levels during
follow-up are interpreted in favor of acute coronary
ischemia.®

Inflammation plays a significant role in
myocardial ischemia. White blood cell count,
neutrophil, lymphocyte count and NLR are among
the indicators of systemic inflammation.”® They
usually are accepted as significant indicators of
inflammation in cardiovascular diseases as well.’
Neutrophils directly play role in the initiation of
plaque rupture.’’ In parallel, it is revealed that NLR
is associated with left ventricular systolic function
and acute coronary syndrome. It is reported
that NLR is a predictor of the progress of coronary
atherosclerosis in cases with coronary artery disease
(CAD)." It is also reported that NLR is a predictor
of developing cardiac heart failure after myocardial
infarction and of mortality in ST-segment elevated
myocardial infarction.

In accordance with these data, we designed this
study to investigate whether NLR has a role in
making the diagnosis of AMI in the patients with
high creatinine levels.

METHODS

Patients: There were 25,492 patients older than
18 years presented/admitted with chest pain to
the emergency department, internal medicine,
nephrology, cardiology clinics or coronary intensive
care unit of our university hospital from January
2013 to October 2014. For the initial case selection
purposes among these patients for impaired renal
function, serum ceratinin >1.2 was used as the cut-
off. After initial selection, 1,482 patients with serum
creatinine > 1.2mg/dL were left. Exclusion criteria
were chest pain due to etiologies other than AMI,
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activeinfection,autoimmunediseases, malignancies,
liver disease such as hepatitis and cirrhosis,
pregnancy, hematological disease, cerebrovascular
disease and trauma. After the exclusion process 284
patients with typical chest pain and Tn-I was > 0.1
ng/ml were left. Their mean serum creatinin was
1.7 mg/dL. These 284 patients who were further
investigated for AMI were included in the study.
This study was approved by Sakarya University
School of Medicine Ethical Committee for Clinical
Research(No. 71522473/050.01.04/11; Jan 21,2015).
Evaluation: Cardiology department determined
whether a patient had AMI or not according to
the criteria recommended by American College
of Cardiology.’®Serum neutrophil, lymphocyte,
platelet, and mean platelet volume (MPV) data of
all patients were recorded and NLR and platelet/
lymphocyte ratio (PLR) values were calculated.
Patients were categorized into two groups as AMI
and non AMI. Serum creatinine was measured with
the architect C 16000 (Abbott) device by using the
kinetic alkaline picrate method at the biochemistry
laboratory of the hospital. On the other hand, Tn-I
was examined with the Architect I 2000SR device
by using chemiluminescence (ECLIA) method.
Reference range of creatinine was 0.72- 1.19 mg/
dl and Tn-I was 0.00 - 0.033 ng/ml. Hemogram
parameters were measured by using Cell-dyn 3700.
Statistical Analysis: Data analysis was performed
by using statistical software (SPSS, version 10.0
[SPSS Inc, Chicago, IL]. Normally distributed
data were compared via one-way analysis of
variance, and non-normally distributed data were
compared via Mann- Whitney U test. Categorical
associations were evaluated by using x2 test and
multiple logistic regression. Goodness of fit was
determined by using Nagelkerke R* and Hosmer-
Lemeshow goodness-of-fit test. Performance of
the diagnostic test was assessed using receiver

Table-I: Demographic and laboratory characteristics of patients
with elevated troponin and creatinine (n =284).

Female (n =103) Male (n =181) p
Age, years* 73.7(11.3) 68.5(12.1) <0.001
Platelet count, x1000/ pL** 223 (86) 220 (91) 0.929
Mean platelet volume, fL** 8.5(1.4) 8.1(1.6) 0.047
Troponin I, ng/ml** 3.2(7) 3.5(18) 0.199
Creatinine, mg/dI** 1.8 (2.2) 1.7 (1.2) 0.193
Neutrophil to lymphocyte ratio** 53 (5.1) 6(7.8) 0.414
Neutrophil count, x109/L** 7.3 (4.6) 8.1(5.9) 0.030
Lymphocyte count, x109/L** 1.4(1.1) 1.5(1.2) 0.444
Platelet to lymphocyte ratio** 165 (135) 147 (130) 0.442

*Mean (Standard Deviation) **Median (Interquartile Range)
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Table-II: Demographic and laboratory characteristics of patients
with and without acute myocardial infarction (AMI).

With AMI (n = 189) Without AMI (n = 95) p
Gender, male/female 119/70 62/33 0.704
Age, years* 70.2(11.3) 70.5(13.5) 0.872
Neutrophil to lymphocyte ratio** 5.58(6.6) 5.1(7.6) 0.003
Neutrophil count, x109/L** 8.0(5.5) 6.3(4.3) <0.001
Lymphocyte count, x109/L 1.5(1) 1.3(0.9) 0.178
Platelet count, x1000/ uL** 221(100) 215(122) 0.168
Mean platelet volume,fL** 7.9(1.9) 7.8(2.1) 0.138
Platelet to lymphocyte ratio** 151.4(133.4) 153(137.6) 0.998
Troponin-I,ng/ml** 3.2(13) 0,42(0.9) <0.001
Creatinine, mg/ dI** 1.7(2) 2.8(2.7) <0.001

*Mean (Standard Deviation) **Median (Interquartile Range)

operating characteristic (ROC) curve analysis and
with calculation of area under the curve (AUC) of
the ROC curves. Statistical significance was defined
by P<.05.

RESULTS

There were 181 male and 103(36 %) female patients.
Table-I illustrates demographic and laboratory
characteristics of patients. AMI was diagnosed in
189(66.5%) of 284 patients. Of these, 71 patients had
ST elevated and 118 patients had non-ST elevated
AMI. The distribution of ST elevated AMI was
as follows: Inferior wall 32, anteroseptal 30, high
lateral 4, anteroseptal+ inferior wall 1. There were
8 patients on chronic hemodialysis. Mean(SD)
age was 70.2(11.3) in patients with AMI and was
70.5(13.5) in those without AMI which did not differ
significantly (P=0.872). There was also no difference
between two groups in terms of gender (x2 = 0.106,
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Fig.1: Mean neutrophil to lymphocyte ratio in patients
with and without acute myocardial infarction.
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P=0.745). Tn-I levels were significantly higher in
patients with AMI compared to patients without
AMI (P<0.001). Creatinine was significantly higher
in patients without AMI compared to patients with
AMI (P<0.001). Neutrophil count and NLR were
significantly higher in patients with AMI compared
to patients without AMI (P<0.001 and P=0.003,
respectively). There was no difference between the
cases with and without AMI in terms of platelet,
lymphocytes, MPV and PLR (Table-II). Mean NLR
in patients with and without AMI is shown in Fig.1.

The effect of NLR on making the diagnosis of
AMI was analyzed by ROC curve and AUC was
significant ((AUC:0.607; P=0.00, 95% CI 0.538to

0.675). (Fig.2). Sensitivity, specificity, positive
predictive value, negative NPV, LR+, LR- values
ROC Curve
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Fig.2: Receiver operating characteristic curve for
neutrophil to lymphocyte ratio in patients
with or without acute AMI.



and the disease prevalence for NLR>7.4 were 42.3%,
74.7%, 77%, 40%, 1.7, 0.8 and 66.5%, respectively.
Logistic regression analysis using NLR >7.4 as
categorical and serum creatinine as continuous
variable revealed that patients with NLR> 7.4 were
2.184 times as likely to have AMI(B=0.781, Standart
Error= 0.290, Wald= 7.270, Odds Ratio= 2.184, P=
0.007 for NLR and B=-0.282, Standart Error= 0.068,
Wald=17.474, Odds Ratio=0.754, P=0.001 for serum
creatinine). Nagelkerke R*was 13.8%.

DISCUSSION

In this study, NLR and neutrophil count were
found to be significantly higher in the patients
with AMI and renal insufficiency compared to the
patients without AMI. On the other hand, serum
creatinine was significantly higher in the non-MI
group. In terms of gender, age, platelet, lymphocyte,
MPV and PLR there was no significant difference
between patients with and without AMI. We found
that patients with NLR > 7.4 were 2.18 times as
likely to have AMI

It is known that inflammation has significant role
in all stages of atherosclerosis."” It is also reported
that the increase in neutrophil count in patients
with ST elevated myocardial infarction is associated
with short-term prognosis and infarct size and
neutrophil mediate the inflammatory response
resulting from acute myocardial damage.’® Our
finding of elevated neutrophil counts in patients
with AMI in this study agreed with these reports.

Various studies have shown that there is an
association between CAD and NLR. NLRis accepted
as a parameter showing lymphocyte reduction
and physiological stress together and reflecting
acute inflammation.” Kalay et al. showed that high
NLR in patients with acute coronary syndrome
is an independent predictor for development of
coronaryatherosclerosis. In our study we found
significantly increased NLR in patients with AMI
and this agreed with these reports. However, there
was no significant difference in lymphocyte counts
in our study. Thus, NLR elevation was likely to be
associated with increase in the neutrophil count
rather than a decrease in lymphocytes.

It is known that platelets, MPV, and PLR change
significantly in acute coronary events.*® MPV is
a significant indicator of platelet activation and
function.”? However in our study, we could not find
an association of platelet count, MPV, and PLR with
AMI. This might be due to studying among patients
with renal insufficiency.

Neutrophil to lymphocyte ratio and myocardial infarction

Predictive role of Tn-I decreases in the presence
of impaired renal function. Previous studies have
shown that Tn-I can be falsely elevated in the
patients with renal insufficiency or in hemodialysis
patients.”>® Khan et al., conducted a study on 102
patients to determine the diagnostic significance
of Tn-I as a cardiac marker in the presence of a
broad spectrum of diseases and found nonspecific
elevation of Tn-I in patients with a variety of
disorders including renal insufficiency.* Newly
introduced high sensitive Tn-I assays is likely to
increase this problem.”Tn-I was used in diagnosing
of AMI also in our study together with other tests
like coronary angiography and hence we think
that our finding of lower serum creatinine in AMI
patients was due to increased specificity of the test
with lower creatinine values. This was also revealed
by a significant effect and a negative coefficient for
creatinine in the logistic regression analysis.

Limitations of the study: Because of the
methodology, our study has been a subgroup
analysis. We couldn’t evaluate all of the cratinine
elevated 1,482 patients for AMI in detail and
selected 284 patients with typical chest pain and
Tn-I >0.1 among them. This troponin cut-off has
already been used by our cardiology department
in patients with impaired renal function and there
had negligible number of patients ruled in for
AMI later on in their clinical practice for the last 10
years. Finally, we appreciate that Tn-I is a cardiac
specific test and our intent was not to introduce an
alternative to Tn-I. Our aim was to study NLR in
patients with impaired renal function and to show
whether it might provide help in the cases where
the diagnosis is not straight forward.

CONCLUSION

To the best of our knowledge, this is the first
study showing the predictive value of NLR in AMI
among patients with renal insufficiency. We found
that NLR was significantly elevated in AMI among
this patient population. We also provided a cut-off
value for this readily available test in this patient
group and showed that patients with NLR>7.4
were 218 times as more likely to have AMI
compared to patients whose NLR was <7.4. Our
results might also help in early diagnosis of AMI in
these high risk patients while serial cardiac enzyme
measurements are pending. With the introduction
of high sensitivity troponin with decreasing positive
predictivity for the sake of increased sensitivity,
such a help might become more important in the
near future.
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