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Aims Personalized risk stratification within the ageing society after acute coronary syndrome (ACS) remains scarce but
in urgent need. Increased platelet activity together with inflammatory activation play a key role during ACS. We
aimed to evaluate the age-specific prognostic potential of the platelet to lymphocyte ratio (PLR) on long-term car-
diovascular mortality after ACS.

...................................................................................................................................................................................................
Methods
and results

Patients presenting with ACS admitted to the Vienna General Hospital between December 1996 and January 2010
were enrolled within a clinical registry including assessment of peripheral blood samples. The impact of the PLR on
survival was assessed by Cox-regression hazard analysis. We included a total of 681 patients with a median age of
64 years (interquartile range: 45–84). Two hundred (29.4%) individuals died during the median follow-up time of
8.5 years. A strong and independent association of the PLR with cardiovascular mortality was found in the total
study population [adjusted (adj.) hazard ratio (HR) per 1 standard deviation (1 SD) of 1.07 (95% confidence inter-
val, CI: 1.03–1.10); P < 0.001]. After stratification in individuals <65 years (n = 339) and >_65 years (n = 342), a prog-
nostic effect of the PLR on cardiovascular mortality was solely observed in elderly patients >_65 years [adj. HR per
1 SD of 1.04 (95% CI: 1.00–1.08); P = 0.039], but not in their younger counterparts <65 years [adj. HR per 1 SD of
0.97 (95% CI: 0.83–1.14); P = 0.901].

...................................................................................................................................................................................................
Conclusion The present investigation highlights a strong and independent age-specific association of the PLR with cardiovascu-

lar mortality in patients with ACS. The PLR only allows to identify patients >_65 years at high risk for fatal events
after ACS—even from a long-term perspective.
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Introduction

Individuals aged over 65 years represent the fastest-growing popula-
tion in the western society—therefore, physicians will be confronted
with novel challenges in the following decades.1,2 Age mirrors an in-
dependent and non-adjustable risk factor for adverse outcome after
acute coronary syndrome (ACS). Subsequently, easily applicable
strategies for the prediction of patients at high risk for fatal events are
in urgent need, considering an age-specific perspective and personal-
ized patient care.

Increased platelet activity together with inflammatory activation
play a key role in the pathogenesis of atherosclerosis and subsequent
plaque rupture during ACS. Platelet reactivity is associated with a
pro-inflammatory response, which drives thrombus formation by fur-
ther platelet activation.3 This inflammatory process can potentially
lead to ACS by destabilization and rupture of atherosclerotic plaque
in patients with cardiovascular disease (CVD).4

Elevated leucocyte count is an established and widely available
marker for inflammation and has been associated with an increased
risk for major cardiac adverse events in ACS.5,6 Considering available
evidence for the interaction between platelets and lymphocytes,7 it

seems intuitive that the combination of both parameters as the plate-
let to lymphocyte ratio (PLR) shows to be a potential new marker
for outcome in patients after ACS.8 However, the age-specific modu-
lation on the degree of platelet activation and pro-inflammatory state
remains unknown. In this study, we aimed to assess the age-specific
impact of the PLR as a marker for long-term cardiovascular outcome
after ACS.

Materials and methods

Study design
Patients presenting with ACS admitted to the Vienna General Hospital, a
university-affiliated tertiary care centre with a high-volume cardiac cath-
eterization unit, were included in our clinical registry between December
1996 and January 2010. The presence of ACS was defined referring to
the European Society of Cardiology (ESC) guidelines for the management
of ACS with and without persistent ST-segment elevation.9,10 Patients
with incomplete laboratory values, active malignancies under treatment,
and with signs of acute infection or sepsis were excluded from the ana-
lysis to prevent interference with the platelet and lymphocyte count. The
detailed protocol of this study has already been described elsewhere.11

Graphical Abstract
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The study complies with the declaration of Helsinki and was approved by
the local ethical committee (Medical University of Vienna, No. 159/2011).

Data acquisition and laboratory analysis
Baseline characteristics and other relevant data were assessed and
inserted into a predefined standardized electronic case record form at
the time of hospitalization and the time of discharge via screening of
patients’ medical records. Study personnel regularly performed range and
consistency checks of respective electronic recorded files to overcome
potential documentation bias during patient enrolment.

As a standard operating procedure at the local study centre (Division
of Cardiology of the Medical University of Vienna, Austria), all patients
received a standardized transthoracic echocardiography for left ventricu-
lar ejection fraction assessment during hospitalization after the acute
event. Blood samples were taken immediately at the time of admission
during the acute phase. Subsequent analyses of values of interest were
conducted according to the laboratory standards of the General Hospital
of Vienna (Medical University of Vienna—Department of Laboratory
Medicine) and were performed via Sysmex XN 2000 (Sysmex Austria
GmbH, Vienna, Austria).

Patient follow-up and endpoint
All patients were followed prospectively until the primary endpoint of
cardiovascular mortality was reached or event-free termination occurred
by end of the observation period until January 2018. Date of reaching the
endpoint was determined by query of the national registry of death
(Austrian Registry of Death—‘Statistik Austria’, Vienna, Austria). Cause
of death was defined according to the International Classification of
Disease and Related Health Problems 10th Revision.

Statistical analysis
To assess the age-specific prognostic value of PLR on long-term cardio-
vascular mortality the study population was stratified in a young
(<65 years) and elderly (>_65 years) ACS subgroup. Age cut-off was
chosen according to recent definitions of the ESC, the American College
of Cardiology and American Heart Association.12,13 Baseline characteris-
tics were compared across age groups and PLR tertiles. Platelet to
lymphocyte ratio was calculated for each patient individually and log-
transformed prior to regression analyses. Platelet count, lymphocyte
count, the PLR, and relevant continuous variables are presented as
medians with the respective interquartile ranges (IQRs) and were com-
pared between groups or tertiles performing Mann–Whitney U test.
Categorical variables are presented as counts and percentages and were
compared performing v2 test. Correlations between continuous varia-
bles and PLR were calculated using the Spearman correlation coefficient.
The predictive value of PLR on cardiovascular mortality is displayed in
Kaplan–Meier curves and was analysed with Cox proportional hazards
models. Results of hazard models are presented as hazard ratio (HR) per
1 standard deviation (1 SD) and the respective 95% confidence interval
(CI). The multivariate models were adjusted (adj.) for potential confound-
ers: Model 1 addressing clinical patient characteristics (age, gender, hyper-
tension, heart failure, diabetes mellitus, hypercholesterolaemia, smoking
status, and family history of CVD) and Model 2 addressing procedure-
related characteristics [ST-elevation myocardial infarction (STEMI), per-
cutaneous coronary intervention with stent implantation, angioplasty,
thrombolysis, and acute coronary artery bypass graft]. Tertiles of PLR
were compared in Kaplan–Meier charts using log-rank test. A two-sided
P-value of <0.05 was considered statistically significant in all comparisons.
SPSS 26.0 (IBM SPSS, NY, USA) and R 4.0.3 (R Foundation, Vienna,
Austria) were used for analyses.

Results

Baseline characteristics
A total of 681 patients were included with a median PLR of 132.5
(IQR: 98.4–182.5). The median age of the entire study population
was 64 years (IQR: 45–84). While the platelet count and lympho-
cyte count were significantly lower, a higher PLR and rates of trad-
itional comorbidities were observed in the subgroup of >_65 years.
Younger individuals (<65 years) with ACS were more often active
smokers, had a family history of CVD and a higher body mass
index compared to older individuals (>_65 years). Detailed base-
line characteristics of subgroups of individuals <65 years and
>_65 years are shown in Table 1.

The PLR was stratified in tertiles low [tertile 1: median 86.7 (IQR:
75.1–98.5)], intermediate [tertile 2: median 132.5 (IQR: 120.0–
144.3)], and high [tertile 3: median 211.0 (IQR: 182.0–267.0)] to elu-
cidate the association with baseline characteristics. Increasing age
(spearman r = 0.244; P < 0.001), but lower rates of male patients (low
PLR: 58.8% vs. high PLR: 41.0%) were observed with higher PLR val-
ues. The prevalence of STEMI (low PLR: 61.7% vs. high PLR: 71.8%)
and renal function failure (low PLR: 5.3% vs. high PLR: 11.3%)
increased with higher PLR tertiles, but lower rates of hypercholester-
aemia (low PLR: 70.8% vs. high PLR: 58.0%) were observed.
Considering relevant biomarkers, higher levels of N-terminal pro B-
type natriuretic peptide (r = 0.233; P < 0.001), and C-reactive protein
(CRP) (r = 0.233; P < 0.001) correlated with the PLR. Clinical presen-
tation with cardiogenic shock, history of heart failure, hypertension,
or diabetes mellitus did not differ within tertiles of PLR. Baseline char-
acteristics including comorbidities and concentration of biomarkers
stratified by PLR tertiles are shown in Table 2.

Association of the platelet to lymphocyte
ratio on outcome
During the median follow-up time of 8.5 years, 200 (29.4%) patients
died from a cardiovascular cause (Figure 1). Cox regression hazard
analysis was performed to elucidate a predictive effect of the PLR on
cardiovascular survival. Adjusted models for confounders showed a
strong and independent association of the PLR with cardiovascular
mortality in the total study population [Table 3, Model 1: adj. HR per
1 SD of 1.06 (95% CI: 1.02–1.09; P = 0.001); Model 2: adj. HR per 1
SD of 1.07 (95% CI: 1.03–1.10; P < 0.001)].

To assess an age-dependent predictive potential, additional analy-
ses were performed after stratification in subgroups <65 years and
>_65 years. Platelet to lymphocyte ratio proved to be an independent
prognosticator for cardiovascular mortality after ACS in patients
>_65 years [Model 1: adj. HR per 1 SD of 1.04 (95% CI: 1.00–1.08;
P = 0.043); Model 2: adj. HR per 1 SD of 1.04 (95% CI: 1.00–1.08;
P = 0.039)], but the predictive potential was lost within the younger
counterparts <65 years [Model 1: adj. HR per 1 SD of 1.01 (95% CI:
0.89–1.14; P = 0.891); Model 2: adj. HR per 1 SD of 0.97 (95% CI:
0.83–1.14); P = 0.901].

Interaction term analysis showed a strong interaction of age and
PLR (P < 0.001 for interaction). Spline curves presenting HRs and the
respective 95% CI for the impact of PLR on cardiovascular mortality
within the entire study population, as well stratified in age-groups are
presented in Figure 2.

Platelet-to-lymphocyte ratio and acute coronary syndrome 3
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Discussion

Platelet formation and inflammation are key mechanisms in the
pathophysiology of coronary artery disease (CAD). Previous studies
could highlight a predictive potential for the PLR as a marker for fatal
adverse events in patients after ACS, but with arising evidence, the
age-specific effect of this novel marker remained unknown. While ini-
tially shown without considering patients’ age, we extended the cur-
rently available evidence, demonstrating that the predictive potential

of the PLR on cardiovascular mortality after ACS is confined to
patients >_65 years.

Platelets and inflammation during acute
coronary syndrome
Platelet aggregation plays a crucial role in disease development and
progression of atherosclerosis. Platelet activation in response to in-
flammatory stress (e.g. cell death, infection, smoking) has been shown

....................................................................................................................................................................................................................

Table 1 Baseline characteristics stratified by age-groups

<65 years (n 5 339) �65 years (n 5 342) P-value

Platelet-to-lymphocyte ratio (IQR) 118.2 (91.7–154.7) 150.2 (107.3–209.3) <0.001

Platelet count (IQR) 247 (210–292) 219 (178–266) <0.001

Lymphocyte count (IQR) 2.1 (1.6–2.7) 1.4 (1.1–2.0) <0.001

Clinical presentation

Age, years (IQR) 45 (41–56) 84 (73–87) <0.001

Gender (male), n (%) 186 (54.9) 143 (41.8) 0.001

Body mass index, kg/m2 (IQR) 27.4 (24.7–31.1) 25.2 (23.4–27.8) <0.001

STEMI, n (%) 180 (53.3) 275 (80.4) <0.001

Coronary angiography, n (%) 293 (86.4) 229 (67.6) <0.001

Stenting, n (%) 276 (81.4) 193 (56.4) <0.001

1 vessel, n (%) 233 (68.7) 148 (43.3)

2 vessels, n (%) 37 (10.9) 33 (9.6)

>_3 vessels, n (%) 6 (1.8) 12 (3.5)

Fibrinolysis, n (%) 54 (16.0) 18 (5.3) <0.001

Cardiogenic shock, n (%) 35 (10.4) 18 (5.3) 0.014

LVEF <_40%, n (%) 61 (18.0) 110 (32.2) <0.001

Comorbidities

Hypertension, n (%) 216 (64.1) 269 (78.7) <0.001

Diabetes mellitus, n (%) 53 (15.7) 90 (26.3) 0.001

Hypercholesterolaemia, n (%) 237 (70.3) 218 (63.7) 0.068

Renal function failure, n (%) 8 (2.4) 44 (13.3) <0.001

Heart failure, n (%) 8 (2.4) 24 (7.3) 0.002

Current smoker, n (%) 262 (78.4) 98 (28.7) <0.001

Family history of CVD, n (%) 146 (43.8) 114 (33.3) 0.005

Laboratory analysis

Total leucocytes, G/L (IQR) 10.3 (8.1–13.3) 9.2 (7.0–11.5) <0.001

C-reactive protein, mg/dL (IQR) 0.61 (0.32–1.24) 0.82 (0.40–2.51) 0.001

Troponin T (max), mg/L (IQR) 2.09 (0.78–4.95) 2.18 (0.75–4.54) 0.868

Creatine kinase (max), U/L (IQR) 910 (336–1942) 581 (226–1352) <0.001

LDH (max), U/L (IQR) 430 (282–698) 419 (285–622) 0.345

Gamma-GT mkat/L (IQR) 32 (20–52) 28 (18–46) 0.088

Butyrylcholinesterase, U/L (IQR) 7.4 (5.9–9.0) 6.3 (5.5–7.6) <0.001

Total bilirubin, mmol/L (IQR) 0.48 (0.35–0.69) 0.64 (0.45–0.91) <0.001

Creatinine, mg/dL (IQR) 0.98 (0.82–1.09) 1.10 (0.93–1.36) <0.001

NT-proBNP, pg/mL (IQR) 582 (213–1427) 3172 (1163–7411) <0.001

Cardiovascular mortality 34 (10.0) 166 (48.5) <0.001

Categorical data are presented as counts and percentages and analysed using v2 test. Continuous data are presented as median and the respective interquartile range and ana-
lysed using Mann–Whitney U test.
CVD, coronary vessel disease; LDH, lactate dehydrogenase; LVEF, left ventricular ejection fraction; STEMI, ST-elevation myocardial infarction.
Significance of bold values is indicated by a p-value of <0.05.

4 N. Kazem et al.
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..to be an independent prognosticator for major adverse cardiac
events in patients with ACS.14 As inflammation is a key driver for
acute thromboembolic events, the interaction of platelets and leuko-
cytes further promotes additional platelet recruitment and leukocyte
activation by the release of pro-inflammatory mediators.15

Lymphocytes represent the regulatory pathway of the immune sys-
tem. Repetitive activation during a chronic inflammatory state poten-
tially drives the suppression of lymphocyte count and inflammatory
exaggeration as a consequence.7 Acute coronary syndrome results
from unstable atherosclerotic lesions influenced by the interaction of
thrombosis and inflammation in coronary vessels, thus leading to

plaque instability and rupture.3 Affected by the extent of myocardial
damage, the acute myocardial ischaemic event potentially leads to a
local inflammatory response with a subsequent increase of the total
platelet count and increase of CRP.16 It seems that initially higher
CRP values during the acute event are associated with higher no-
reflow and slow-flow incidence in the respective vessel during angiog-
raphy,17 thus resulting in higher rates of cardiovascular mortality in
patients with higher CRP values in our study population.
Compromising a prothrombotic and exaggerated proinflammatory
state, the PLR was associated with an increase in cardiovascular mor-
tality in our total study population. This is concomitant to current

....................................................................................................................................................................................................................

Table 2 Baseline characteristics stratified by tertiles of platelet-to-lymphocyte ratio

Tertile 1 (n 5 227) Tertile 2 (n 5 227) Tertile 3 (n 5 227) P-value r-value P-value

Platelet-to-lymphocyte ratio (IQR) 86.7 (75.1–98.5) 132.5 (120.0–144.3) 211.0 (182.0–267.0)

Platelet count (IQR) 215 (172–249) 234 (199–272) 267 (216–323) <0.001 0.366 <0.001

Lymphocyte count (IQR) 2.5 (2.1–3.0) 1.8 (1.5–2.1) 1.3 (0.9–1.5) <0.001 -0.776 <0.001

Clinical presentation

Age, years (IQR) 58 (44–73) 60 (45–79) 76 (56–86) <0.001 0.244 <0.001

Gender (male), n (%) 129 (56.8) 107 (47.1) 93 (41.0) 0.001

Body mass index, kg/m2 (IQR) 27 (24–31) 25 (23–28) 25 (23–28) <0.001 -0.220 <0.001

STEMI, n (%) 140 (61.7) 152 (67.3) 163 (71.8) 0.022

Coronary angiography, n (%) 192 (84.6) 169 (74.4) 161 (70.9) 0.003

Stenting, n (%) 175 (77.1) 156 (68.7) 138 (60.8) <0.001

1 vessel, n (%) 146 (64.3) 124 (54.6) 111 (48.9)

2 vessels, n (%) 25 (11.0) 25 (11.0) 20 (8.8)

>_3 vessels, n (%) 4 (1.7) 7 (3.0) 7 (3.1)

Fibrinolysis, n (%) 22 (9.7) 32 (14.2) 18 (7.9) 0.542

Cardiogenic shock, n (%) 12 (5.3) 21 (9.3) 20 (8.8) 0.347

LVEF <_40%, n (%) 47 (20.7) 48 (21.1) 76 (33.5) 0.002

Comorbidities

Hypertension, n (%) 166 (73.5) 156 (68.7) 163 (72.1) 0.755

Diabetes mellitus, n (%) 51 (22.6) 36 (15.9) 56 (24.8) 0.564

Hypercholesterolaemia, n (%) 160 (70.8) 164 (72.2) 131 (58.0) 0.004

Renal function failure, n (%) 12 (5.3) 15 (6.7) 25 (11.3) 0.019

Heart failure, n (%) 9 (4.0) 9 (4.0) 14 (6.4) 0.253

Current smoker, n (%) 149 (66.2) 123 (54.7) 88 (38.9) <0.001

Family history of CVD, n (%) 88 (39.1) 90 (40.0) 82 (36.4) 0.561

Laboratory analysis

Total Leucocytes, G/L (IQR) 10.5 (7.8–12.6) 9.5 (7.5–12.5) 9.6 (7.4–11.7) 0.170 -0.088 0.022

C-reactive protein, mg/dL (IQR) 0.69 (0.28–1.39) 0.62 (0.40–1.29) 0.82 (0.43–3.2) 0.006 0.233 <0.001

Troponin T (max), mg/L (IQR) 2.0 (0.7–4.6) 2.5 (1.1–5.1) 1.6 (0.5–4.4) 0.029 -0.044 0.257

Creatin kinase (max), U/L (IQR) 732 (317–1649) 939 (404–1929) 454 (204–1516) 0.001 -0.095 0.013

LDH (max), U/L (IQR) 422 (273–617) 472 (306–704) 404 (282–624) 0.089 -0.016 0.684

Gamma-GT, mkat/L (IQR) 31 (20–55) 26 (17–42) 29 (20–50) 0.010 -0.047 0.219

Butyrylcholinesterase, U/L (IQR) 7.3 (6.0–8.6) 6.9 (5.7–8.5) 6.3 (5.4–7.7) <0.001 -0.179 <0.001

Total bilirubin, mmol/L (IQR) 0.55 (0.39–0.81) 0.52 (0.38–0.77) 0.59 (0.40–0.85) 0.124 0.034 0.379

Creatinine, mg/dL (IQR) 1.0 (0.8–1.2) 1.0 (0.8–1.2) 1.0 (0.8–1.2) 0.239 0.052 0.176

NT-proBNP, pg/mL(IQR) 840 (295–2710) 1427 (431–3832) 2239 (716–7788) 0.001 0.233 <0.001

Cardiovascular mortality 54 (23.8) 59 (26.0) 87 (38.3) 0.001

Categorical data are presented as counts and percentages and analysed using v2 test. Continuous data are presented as median and the respective interquartile range and ana-
lysed using Mann–Whitney U test. Correlation refers Spearman Rho correlation coefficient.
CVD, coronary vessel disease; LDH, lactate dehydrogenase; LVEF, left ventricular ejection fraction; STEMI, ST-elevation myocardial infarction.
Significance of bold values is indicated by a p-value of <0.05.

Platelet-to-lymphocyte ratio and acute coronary syndrome 5
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.evidence for the predictive value of the PLR as an emerging marker
for cardiovascular mortality after ACS.8,16 However, the effect was
only observed in patients >_65 years and not in the younger subgroup
with patients <65 years.

Inflamm-ageing and its influence on the
platelet to lymphocyte ratio
The patient group of the elderly is known to frequently present with
multiple preceding comorbidities. With the accumulation of prior
diseases, older patients potentially suffer from a chronic inflamma-
tory state due to ongoing concomitant tissue damage and repair
processes. Altered inflammatory processes by up-regulated tumour
necrosis factor-alpha, interleukin-6, and NF-kB activation are
observed in patients with chronic inflammatory conditions and also
the elderly.18 T-regulatory lymphocytes as a part of the adaptive im-
mune system play a crucial protective role in suppressing an exag-
gerating harming immune response, but subclinical chronic
inflammation in elderly patients (also termed ‘inflamm-ageing’) leads
to suppressive function of these important T-regulatory cells.19,20

While ACS causes additional pro-inflammatory activation, reduced
availability of this lymphocyte subset is associated with disbalance in
inflammatory homeostasis and adverse events in patients with

ischaemic heart failure and reduced ejection fraction.21 Therefore,
an age-specific variability needs to be considered when investigating
the impact of the PLR on patient outcome. A concomitant decrease
of the lymphocyte count was observed with increasing age and rate
of STEMI at presentation. Lymphocytes additionally play a pivotal
role in plaque stability, thus when suppressed, resulting in worse
outcome and may potentially explain the higher rate of STEMI in the
older subgroup.3 Platelet count is known to decrease with age, but
platelet reactivity is known to increase. Platelet hyperreactivity leads
to a concomitant exaggeration of an inflammatory response, which
potentially has a more severe adverse impact on elderly patients
with ‘inflamm-ageing’. This increased platelet activity results in a pro-
thrombotic state and is linked to adverse outcome due to contribu-
tion to vessel no-reflow by thrombus formation and
vasoconstriction.3,22 The platelet count showed a slight absolute de-
crease in the elderly subgroup of >_65 years compared to younger
patients <65 years, whereas the decrease of the lymphocyte count
was more impressive. Therefore, it seems that the increase of the
PLR and the associated increased rate of cardiovascular mortality
after ACS was potentially mainly driven by less—predominantly
regulatory—lymphocytes.23 Previous studies have shown an associ-
ation of the lymphocyte fraction and the PLR at baseline with the

Figure 1 Effect of platelet-to-lymphocyte ratio on long-term cardiovascular mortality stratified by age. Kaplan–Meier curves with the respective
confidence intervals for the impact of platelet to lymphocyte ratio on cardiovascular mortality plotted in low (=Tertile 1), intermediate (=Tertile 2),
and high (=Tertile 3) values and compared using log-rank test—total study population: P < 0.001 (A); <65years P = 0.76 (B); >_65years: P = 0.019 (C).

....................................................................................................................................................................................................................

Table 3 Unadjusted and adjusted effects of platelet-to-lymphocyte ratio on outcome within the total study population
and stratified according to age groups

Crude HR (95% CI) P-value Model 1: Adj.HR (95% CI)a P-value Model 2: Adj.HR (95% CI)b P-value

Study population 1.08 (1.01–1.09) <0.001 1.06 (1.02–1.09) 0.001 1.07 (1.03–1.10) <0.001

<65 years 0.98 (0.86–1.10) 0.677 1.01 (0.89–1.14) 0.891 0.97 (0.83–1.14) 0.901

>_65 years 1.05 (1.01–1.09) 0.016 1.04 (1.00–1.08) 0.043 1.04 (1.00–1.08) 0.039

Cox proportional hazard model, hazard ratios (HRs) for continuous variables refer to a 1 SD increase.
aMultivariate model 1 was adjusted for clinical characteristics: age, gender, hypertension, heart failure, diabetes mellitus, hypercholesterolaemia, smoking status, and family his-
tory of CVD.
bMultivariate model 2 was adjusted for interventions: ST-elevation myocardial infarction (STEMI), percutaneous coronary intervention with stent implantation (PCI), angioplasty,
thrombolysis, and acute coronary artery bypass graft (CABG).
Significance of bold values is indicated by a p-value of <0.05.
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severity and complexity of CAD and cardiovascular mortality after
ACS.8,24 A increased risk for cardiovascular mortality was observed
in patients with higher PLR in patients >_65 years. Assuming the
above mentioned hypothesized pathogenetic processes, the PLR
was therefore no prognosticator in younger patients without pre-
sent platelet hyperactivity and chronic inflammatory state.

Potential clinical impact
In the past decades, major risk factors for the development of CAD
have been established. While factors including lifestyle or pre-
existing medical conditions can be modified, factors like age, gender,
or genetic predisposition are non-modifiable.

Age is a major risk factor for CVD and with increased general life
expectancy, the proportion of elderly patients suffering ACS is grow-
ing. The important relation of an elevated platelet count with adverse
cardiovascular outcome has been well investigated in multiple stud-
ies.3 Therefore, dual antiplatelet therapy (DAPT) is the guideline-
recommended standard therapy for secondary prevention after
ACS. The combination of a P2Y12 inhibitor and aspirin sufficiently
inhibits thrombus formation.25 However, risk assessment and sec-
ondary prevention—especially considering an increased bleeding
risk—remains a challenging field in frail and elderly patients.

Although a higher rate of STEMI was observed in the elderly sub-
group, treatment strategies in these patients had a significantly lower in-
tention to coronary angiography, stenting and thrombolysis. These data
are in accordance with findings from Northern America and Europe,
indicating a major undertreatment of elderly patients in terms of thera-
peutic strategies for coronary revascularization.26,27 Therefore, available
literature—including recently published ESC guidelines of the manage-
ment of ACS in patients without persistent ST-segment elevation—sug-
gests the use of novel biomarkers in addition to established
cardiovascular risk-markers to identify patients at risk for adverse
events.28 Based on the observed strong discriminatory power of PLR,
this novel marker might lead to improved patientcare in terms of a per-
sonalized risk stratification and outcome prognostication in elderly
patients presenting with ACS. Addressing the observed underuse of
coronary revascularization in elderly individuals within the present in-
vestigation, a routine measurement of PLR potentially provides prog-
nostic value that guides clinicians through the decision to perform a

coronary intervention and to provide the most possible clinical benefit
in these individuals. Prolonged DAPT could be established in elderly
patients with high PLR given an increased ischaemic risk after ACS.
Guideline-recommended statin therapy for secondary prevention low-
ers low-density lipoproteins. By prevention of cholesterol accumulation
and subsequent endothelial malfunction, the cardiovascular risk profile
is decreased and therefore intensified statin therapy or anti-
inflammatory therapy could potentially be of special interest in patients
with elevated PLR and a high ‘inflamm-ageing’ state.29

Limitations
Our study is limited by its single-centre setting. However, we might
overcome potential selection bias by the enrolment of a large num-
ber of individuals during an extended study period. We are not
aware of any potential unknown residual confounding within the
present analysis. However, based on comprehensive adjustment for
a large subset of clinical patient characteristics and procedure-
related characteristics, the probability of potential confounding is
limited. Moreover, based on the design of the study, we did not as-
sess an additional endpoint to cardiovascular mortality during the re-
spective long-term patient follow-up. Therefore, a profound
competing risk analysis (to re-hospitalization for ACS or urgent
revascularization) was not possible to validate the effect of PLR.
However, via enrolling a large sample size with a very long follow-up
period—including endpoint validation via the national registry of
death—we might overcome a potential detection bias.

Conclusion

In this study, we were able to highlight a strong and independent age-
specific association of PLR with cardiovascular mortality in patients
with ACS. Interestingly, the predictive potential was only observed in
elderly patients >_65 years, but not in their younger counterparts
<65 years. The PLR is a routinely available cost-efficient and easily ap-
plicable novel parameter, which allows identifying elderly patients at
high risk for fatal adverse events after ACS. Therefore, enhanced sec-
ondary prevention strategies should potentially be applied in patients
>_65 years with increased PLR after ACS in the era of personalized
medicine.

Figure 2 Spline curves for platelet to lymphocyte ratio levels presenting hazard ratios and the respective confidence interval for cardiovascular
mortality within the entire population (A) and stratified in age groups (<65 years: B, >_65 years: C).

Platelet-to-lymphocyte ratio and acute coronary syndrome 7
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