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Abstract

Background: Previous studies have shown that inflammation plays an important role
in atherosclerosis and cardiovascular disease. Platelet to lymphocyte ratio (PLR) has
been reported as a novel inflammatory marker. However, it is not clear whether PLR
is associated with short-term all-cause mortality in critically ill patients with
non-ST-segment elevation myocardial infarction (NSTEMI).

Methods: The data for the study is from the Medical Information Mart for Intensive
Care lll database. The primary outcome in our study was 28-day mortality. Kapan-
Meier curve, lowess smoother curve, and multivariate Cox regression models were
used to determine whether the association between PLR and 28-day mortality of
critically ill patients with NSTEMI.

Results: A total of 1273 critically ill patients with NSTEMI were included in this anal-
ysis. Kapan-Meier curve and lowess smoother curve show that high PLR is associated
with an increased risk of 28-day all-cause mortality. The study population is divided
into two groups according to the cut-off value of PLR level. In the Cox model, high
PLR levels (PLR>195.8) were significantly associated with increased 28-day mortality
(HR 1.54; 95%Cl 1.09-2.18, p = .013). In quartile analyses, the HR (95% ClI) for the
third (183 < PLR < 306) and fourth quartile (PLR>306) was 1.55 (1.05-2.29) and 1.61
(1.03-2.52), respectively, compared to the reference group(111 < PLR < 183). In sub-
group analyses, there is no interaction effect in most of the subgroups except for
respiratory failure and vasopressor use.

Conclusion: High PLR is associated with an increased risk of short-term mortality in
critically ill patients with NSTEMI.
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1 | INTRODUCTION

Heart disease is the leading reason for death worldwide, causing
huge health and economic burden.’? Previous studies have
shown that inflammation plays an important role in atherosclero-

3,4

sis and cardiovascular disease. Inflammation and oxidative

stress can cause plaque rupture, which leads to cardiovascular
events.*> In recent years, platelet to lymphocyte ratio (PLR) has
been reported as a novel inflammatory marker, which is related

6-9 rheumatic

15-17

to the prognosis of many diseases, such as tumors,

10-12 1314 and cardiovascular diseases.

diseases, diabetes
However, only a few studies have investigated PLR and the long-
term prognosis of acute non-ST-segment elevation myocardial
infarction (NSTEMI).*81? |t is not clear whether PLR is associated
with short-term all-cause mortality in critically ill patients with
NSTEMI. Therefore, in this study, we investigated the correlation
between PLR and the short-term outcome of critically ill patients

with NSTEMI.

2 | METHODS

2.1 | Database and patient selection

All retrospective research data comes from Medical Information Mart
for Intensive Care lll (MIMIC database). The MIMIC database is a

large, free-to-access database that more than 40 000 critical care
patients.Z® The database is accessible to researchers who have com-
pleted a ‘protecting human subjects’ training. Data in this study were
extracted by author Meng, who has completed an online training
course at the National Institutes of Health (Zhongyuan Meng, certifi-
cation number: 9071533). This database was approved by the institu-
tional review boards of the Massachusetts Institute of Technology
(MIT, Cambridge, MA, USA) and Beth Israel Deaconess Medical Cen-
ter. As all data is established, no additional ethical approval needed to
be provided.

The exclusion criteria were: (1) Patients were less than
18 years old at their first admission. (2) Patients had no data on
the platelet or/and lymphocyte count at admission. (3) The
patient is diagnosed with NSTEMI. For patients who have been
admitted to the ICU multiple times, this study only studies the

first ICU admission.

2.2 | Data extraction

Since the database is based on a structured query language (SQL), we
utilize the software pgAdmin to extract all research data in our
research. Data extraction includes gender, age, ethnicity, heart rate,
systolic blood pressure (SBP), diastolic blood pressure (DBP), blood
oxygen saturation (Spo2). Extracted disease comorbidities include high
blood pressure (HBP), diabetes mellitus (DM), chronic heart failure

46,476 patients from MIMIC

Only included age>18(n=38,509)
(7,967 excluded)

Only included the patients with data of
platelet/lymphocyte on
admission(n=16,891)

(21,618 excluded)

Only included patients
with NSTEMI(n=1273)
(15,618 excluded)

platelet/lymphocy
te<195.8(n=682)

Final cohort(n=1,273)

FIGURE 1
selection

Flow chart of patient

> platelet/lymphocy
te>195.8(n=591)
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(CHF), acute heart failure (AHF), respiratory failure, atrial fibrillation white blood cells (WBC) count, platelet (PLT) count, neutrophil count,

(Af), acute kidney injury (AKI), and chronic kidney disease (CKD). The lymphocytes count, serum glucose, serum potassium, and serum cre-
extracted disease severity score is the Sequential Organ Failure atinine (Scr). In addition, we also extracted some treatment measures
Assessment (SOFA) score. We extracted laboratory tests, including including vasopressor use, dual antiplatelet therapy (DAPT),

TABLE 1 Summary of patients characteristics

Variable PLR < 195.8 (n = 682) PLR2195.8 (n = 591) p value
Age (years) 719 +12.6 742 +12.2 .001
Gender (male), n (%) 381 (55.9) 326 (55.2) 0.801
Ethnicity, n (%) 0.552
White 497 (72.9) 424 (71.7) 0.653
Black 39 (5.7, 27 (4.6) 0.356
Other 146 (21.4) 140 (23.7) 0.331
Heart rate, beats/min 1(71-93) 83 (72-95) .085
SBP, mmHg 116 (106-130) 116 (104-132) 0.560
DBP, mmHg 9 (51-68) 58 (50-68) 0.191
SPO2, % 97.4(96.1-98.5) 97.4(95.9-98.5) 0.402
Laboratory outcomes
WBC count,10%/I 12.5(9.1-16.8) 12.2 (9.0-16.6) 0.407
Hb(mg/dl) 10.9 £ 2.0 10.8 + 1.8 0.386
Platelet count,10%/I 186 (139-243) 245 (189-335) <.001
Neutrophil count,107/I 9.4 (6.7-13.3) 10.6 (7.6-14.6) <.001
Lymphocyte count,10%/I 1.7 (1.2-2.3) 0.7 (0.5-1.0) <.001
glucose, mg/dl 139 (114-179) 148 (115-204) .011
potassium, mmol/| 4.1 (3.7-4.6) 4.2(3.8-4.7) .086
Scr, mg/dl 1.1 (0.8-1.8) 1.3(0.9-2.2) <.001
Comorbidities, n(%)
Af 226 (33.1) 199 (33.7) 0.840
CHF 352(51.6) 353(59.7) <.001
CKD 275 (40.3) 275 (46.5) <.001
AKI 560 (82.1) 496 (83.9) 0.391
AHF 135(19.8) 138 (23.4) 0.123
Respiratory failure 195 (28.6) 233 (39.4) <.001
HBP 292 (42.8) 231(39.1) 0.177
DM 278 (40.8) 214 (36.2) .044
DAPT use 287 (42.3) 250 (42.3) 0.937
PCI 140 (20.5) 126 (21.3) 0.729
CABG 151 (22.1) 52(8.8) <.001
Vasopressor use 325 (47.7) 282 (47.7) 0.982
Ventilator use 386 (56.6) 339 (57.4) 0.784
Disease scores
SOFA scores 5(2-7) 4(3-7) 0.947
Outcome
28-day hospital mortality, n (%) 114 (16.7) 145 (24.5) .001

Abbreviations: AF, atrial fibrillation; AHF, acute heart failure; AKI, acute kidney injury (AKI); Spo2, blood oxygen saturation; CABG, coronary
artery bypass grafting; CKD, chronic kidney disease; CHF, chronic heart failure; DAPT, dual antiplatelet therapy; DM, diabetes mellitus; DBP,
diastolic blood pressure; HBP, high blood pressure; PCI, percutaneous coronary intervention; PLT, platelet count; PLR, platelet to lymphocyte
ratio; RF, respiratory failure; SBP, systolic blood pressure; Scr, serum creatinine (Scr); SOFA, sequential organ failure assessment score; WBC,
white blood cells count.
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percutaneous coronary intervention (PCl), coronary artery bypass

grafting (CABG), and ventilator use. The primary endpoint was 28-day

hospital mortality, which was defined as death 28 days after
admission.
2.3 | Statistical analyses

Continuous variables are expressed as mean + SD or median (IQR). Stu-
dent t test, Wilcoxon rank-sum test, or Kruskal-Wallis test was used to test
between groups. Categorical variables are expressed as proportions and
compared with the chi-square test. The study population is divided into
two groups according to the cut-off value of PLR level. The multivariable
Cox model was used to analyze the association between PLR and 28-day
mortality in patients with NSTEMI. The multicollinearity test was per-
formed by the variance inflation factor (VIF) method. VIF=5 indicates the
existence of multicollinearity. PLR levels are divided into dichotomy or
quartile for analysis, and the lower PLR level or second quartile is used as
the reference group. Use the extended model method to adjust the covari-
ate: in model 1, we adjusted covariates only including age; In model 2, we
further adjusted model 1 plus PLT count, Scr, neutrophil count, lympho-

cyte count, glucose; In model 3, we continued adjusted covariates model

Kaplan-Meier survival estimates
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FIGURE 2 Kaplan-Meier curve for 28-day mortality

TABLE 2 Association between PLR levels and 28-day mortality
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2 plus DM, CHF, CKD, respiratory failure, and CABG, with VIF of 4.41. A
two-tailed test p < .05 was considered statistically significant. All the sta-

tistical analyses were conducted by Stata software (16.0MP).

3 | RESULT

3.1 | Subject characteristics

A total of 1273 critically ill patients with NSTEMI were included in
this analysis. Patients are divided into two groups according to
PLR: patients with PLR < 195.8 and PLR>195.8. The flow chart of
patient selection is shown in Figure 1. The characteristics of the
cohort are summarized in Table 1. Compared with the low PLR
group, the 28-day mortality rate is higher in the high PLR group
(24.5% vs 16.7%). Patients with high PLR had a significantly higher
average age than other groups (74.2 +12.2vyears vs
71.9 + 12.6 years, p = .001). The high PLR group had higher plate-
let count, neutrophil count, Scr, and glucose, lower lymphocyte
count. In addition, the high PLR group had comorbidities such as
CKD, CHF, respiratory failure.

3.2 | Association between PLR and 28-day
mortality

Figure 2 shows the Kaplan-Meier curve for subjects in the
PLR < 195.8 and PLR2195.8. High levels of PLR are significantly asso-
ciated with an increased risk of 28-day mortality (p = .0005 by
log-rank test). To better understand the relationship between PLR
and 28-day mortality of patients with NSTEMI, we draw the
lowess smoother curve between PLR and 28-day mortality in
additional material (Figure S1). In this study, we found the 28-day
mortality increased as PLR increased. In order to further clarify
the relationship between PLR and the risk of 28-day mortality,
we used a multivariate Cox model for analysis (Table 2). Divide
the study population into different levels according to PLR. With-
out adjusting for covariates, the HR (95% Cl) of the high PLR

Crude Model 1 Model 2 Model 3

HR 95% C 1 pvalue HR 95% C | pvalue HR 95% C pvalue HR 95% C p value
PLR < 195.8 Ref Ref Ref Ref
PLR2195.8 1.53 1.20-1.96 .001 141 1.10-1.81 .006 1.67 1.18-2.36 .004 1.54 1.09-2.18 .013
Quartile
PLR < 111 128 0.87-1.88 0.201 139 0.95-2.04 .088 124 0.79-195 0.343 137 087-216 0.169
111 < PLR< 183  Ref Ref Ref Ref
183 <PLR< 306 1.64 1.14-237 .007 158 1.10-2.28 .013 1.61 1.09-2.37 016 1.55 1.05-2.29 .026
PLR2306 1.74 1.22-2.50 .002 1.65 1.15-237 .006 180 1.15-2.82 .009 1.61 1.03-2.52 .035

Note: Model 1: adjusted only by age. Model 2: adjusted by model 1+ PLT count, Scr, lymphocyte count, neutrophil count, glucose. Model 3: adjusted by

model 2+ DM, CKD, CHF, respiratory failure, and CABG, with VIF of 4.41.
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TABLE 3 Subgroup analysis of the associations between PLR and 28-day mortality

Subgroup N HR (95% Cl) <195.8 HR (95% Cl) 2195.8 p for interaction

Gender 0.147
Male 707 Ref 1.83(1.30-2.58)
Female 566 1.26 (0.88-1.80)

Age 0.443
<65 316 Ref 1.10(0.53-2.29)
265 957 1.50 (1.15-1.95)

HBP 0.904
Yes 523 Ref 1.54 (1.00-2.38)
No 750 1.50(1.11-2.02)

DM 0.952
Yes 492 Ref 1.54 (1.00-2.35)
No 781 1.50 (1.11-2.04)

Af 0.514
Yes 425 Ref 1.71(1.14-2.55)
No 848 1.43(1.05-1.96)

CHF 0.649
Yes 705 Ref 1.61(1.15-2.23)
No 568 1.42(0.98-2.07)

AHF 0.111
Yes 273 Ref 1.02 (0.58-1.80)
No 1000 1.70 (1.29-2.24)

Respiratory failure .003
Yes 428 Ref 0.96 (0.67-1.35)
No 845 2.01(1.41-2.85)

CKD 0.818
Yes 550 Ref 1.46(1.03-2.07)
No 723 1.55(1.09-2.19)

AKI 0.938
Yes 1056 Ref 1.52(1.18-1.96)
No 217 1.46 (0.53-4.04)

Vasopressor use .042
Yes 607 Ref 1.89 (1.38-2.60)
No 666 1.12(0.75-1.67)

Ventilator use 0.190
Yes 725 Ref 1.71(1.27-2.30)
No 548 1.20(0.77-1.87)

PCI 0.789
Yes 266 Ref 1.66 (0.88-3.15)
No 1007 1.52(1.16-1.98)

CABG 0.369
Yes 203 Ref 2.44 (0.65-9.09)
No 1070 1.31(1.02-1.68)

DAPT use 0.076
Yes 537 Ref 2.15(1.37-3.37)

No 736 1.31(0.97-1.77)
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TABLE 3 (Continued)
Subgroup N HR (95% Cl) <195.8
SOFA scores
<4 801 Ref
>4 472

HR (95% Cl) 2195.8 p for interaction
0.330
1.98 (1.13-3.45)

1.45 (1.10-1.90)

Abbreviations: AF, atrial fibrillation; AHF, acute heart failure; AK, acute kidney injury; CKD, chronic kidney disease; CHF, chronic heart failure; DAPT, dual
antiplatelet therapy; DM, diabetes mellitus; HBP, high blood pressure; PCI, percutaneous coronary intervention; SOFA, sequential organ failure assessment

score.

group (PLR2195.8) was 1.53 (1.20-1.96) compared to the low
PLR (195.8 < PLR). We established three models to study the
relationship between 28-day mortality and PLR. The adjustment
covariates of the model can be seen in the method section. In
the extending multiple Cox model, high PLR level (PLR<195.8)
were significantly associated with increased 28-day mortality, in
model 1 (HR 1.41; 95%Cl 1.10-1.81; p = .006), model 2 (HR
1.67; 95%Cl 1.18-2.36; p = .004), and model 3 (HR 1.54; 95%Cl
1.09-2.18; p = .013). In quartile analyses, the HR (95% Cl) of the
third (183 < PLR < 306) and fourth quartile (PLR=306) is higher
than the reference group (111 < PLR < 183) in the three adjust-
ments models. The HR (95% CI) for the third (183 < PLR < 306)
and fourth quartile (PLR2306) was 1.55 (1.05-2.29) and 1.61
(1.03-2.52), respectively, compared to the reference group
(111 < PLR < 183). High PLR levels are associated with increased
mortality at 28 days, with the HR increasing stepwise from refer-
ence group. However, in low PLR level (PLR<111), regardless of

whether the covariates are adjusted, there is no significant corre-

lation with 28-day mortality (HR 1.37, 95% Cl 0.87-
2.16, p = .169).
3.3 | Subgroup analysis

Subgroup analysis showed the correlation between PLR levels and
28-day mortality in patients (Table 3). There is no interaction effect in
most of the subgroups except for respiratory failure and vasopressor
use. Among patients with NSTEMI and high PLR, those without respi-
ratory failure had a significantly higher 28-day mortality risk (HR 2.01,
95% Cl [1.41-2.85] vs HR 0.96, 95% Cl [0.67-1.35], p = .003). In
addition, the patients with vasopressor use had a significantly higher
28-day mortality risk (HR 1.89, 95% CI [1.38-2.60] vs HR 1.12, 95%
CI[0.75-1.67], p = .042).

4 | DISCUSSION

In this study, we have observed the relationship between PLR and
short-term mortality in critically ill patients with NSTEMI. However,
only higher PLRs were significantly associated with an increase in
mortality; the correlation with low PLR was not significant. After
adjustment for the multivariate Cox regression model, high PLRs

were still significantly related to mortality. A systematic review

found that PLR is associated with the prognosis of patients with
acute coronary syndromes, including mortality in patients with
NSTEMI or ST-segment elevation myocardial infarction (STEMI),
no-reflow after PCI, peak creatine kinase MB levels and the Global
Registry of Acute Coronary Event (GRACE) scores.?! Azab et al.
used PLR to predict long-term postoperative mortality in patients
with NSTEMI.*® They divided the study population into tertiles
according to the PLR levels, first tertile (PLR < 118), second tertile
(118 = PLR < 176), third tertile (PLR > 176).'® After 4 years of fol-
lowing up, they found significantly higher 4-year all-cause mortality
in the higher PLR, and the same results were also found in different
subgroups.*® In the current study, we divided the patients with
non-st-segment elevation myocardial infarction according to the
cut-off value of PLR. And the primary endpoint of our cohort study
was different from that of Azab. In addition, our study population is
critically ill patients with NSTEMI, which also differs from his
cohort study. Similarly, in a study involving 798 patients with a
follow-up time of 62.8 + 28.8 months, after adjusting for con-
founders, they found that PLR > 128 (HR 2.372, 95%Cl 1.305-
3.191, p = .005) was an independent predictor of long-term
adverse events (all-cause mortality, cardiac death, and nonfatal
myocardial infarction).2? Although these studies investigated long-
term prognosis, the results are similar to ours.

In a study of Shen, when they used Logistic regression to
study the relationship between PLR and hospital mortality for the
patients with sepsis, it showed that only high PLR was signifi-
cantly associated with mortality (OR 1.29; 95%Cl 1.09 to 1.53);
And the correlation of low PLRs is not significant (OR 1.15; 95%
Cl 0.96 to 1.38).22 In a cohort study of 443 patients by Ye, they
found that PLR was an independent prognostic factor for patients
with acute heart failure, and high PLR was associated with poor
clinical outcomes.?® A small cohort study?* reported that high
PLR was independently associated with acute cardiogenic pulmo-
nary edema in-hospital mortality (hazard ratio 5.657; 95%Cl
2.467-12.969; p < .001). In these studies, high PLR is associated
with poor clinical outcomes, but low PLR was not associated with
all-cause mortality. Platelets can interact directly with different
types of white blood cells, especially monocytes and neutrophils,
promoting an inflammatory and immune response.?>2¢ The lym-
phocyte count is affected by the level of cortisol.?” The inflam-
matory response could cause the level of cortisol to rise, which
may reduce lymphocyte count.?” The higher level of PLR may

indicate to a certain extent that the body's inflammatory
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response is more severe, which may be related to adverse clinical
events.

To our knowledge, this is the first study to explore the relation-
ship between PLR and short-term outcomes in critically ill patients
with NSTEMI. PLR is easy to obtain and convenient for clinical use.
Admission PLR measurement may be used to stratify the prognosis
risk of critically ill patients with NSTEMI and provide a reference
for later treatment. Our study had several limitations. Although we
found that high PLR is independently associated with adverse out-
comes, the mechanism behind this association is unclear. Our
hypothesis still needs further verification. Our study is a large sam-
ple study, but it is still a single-center retrospective study. We only
collected the data of the patient on admission. The relationship
between the dynamic changes of PLR and critically ill patients with
NSTEMI cannot be analyzed.

5 | CONCLUSION

High PLR is associated with an increased risk of short-term mortality
in critically ill patients with NSTEMI. Our findings need to be further

validated by large prospective studies and longer follow-up time.
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