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OBSERVATIONAL STUDY

Platelet-to-Lymphocyte Ratio

A Novel Prognostic Factor for Prediction of 90-day Outcomes in Critically 11l
Patients With Diabetic Ketoacidosis

Wen-Yue Liu, MD, Shi-Gang Lin, MD, Li-Ren Wang, MD, Chen-Chen Fang, MD,
Yi-Qian Lin, MD, Martin Braddock, PhD, Gui-Qi Zhu, MD, Zhongheng Zhang, MD,
Ming-Hua Zheng, MD, PhD, and Fei-Xia Shen, MD

Abstract: Diabetic ketoacidosis (DKA) is a life-threatening acute
complication of diabetes mellitus and the novel systemic inflammation
marker platelet-to-lymphocyte ratio (PLR) may be associated with
clinical outcome in patients with DKA. This study aimed to investigate
the utility of PLR in predicting 90-day clinical outcomes in patients with
DKA.

Patient data exacted from the Multiparameter Intelligent Monitoring
in Intensive Care II (MIMIC II) database was analyzed. A cutoff value
for PLR of 267.67 was determined using Youden index (P < 0.05) and
used to categorize subjects into a high PLR group and a low PLR group.
The hazard ratios (HRs) and 95% confidence intervals (Cls) for DKA
were calculated across PLR. Clinical outcomes in our study were
defined as intensive care unit (ICU) 90-day readmission and all-cause
mortality.

A total of 278 ICU admissions were enrolled and stratified by cutoff
value of PLR. The incidence of readmission and mortality was 17.8% in
the high PLR group, significantly higher than 7.4% in the low PLR
group. In the multivariable model, after adjusting for known
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confounding variables including clinical parameters, comorbidities,
laboratory parameters, the HRs for DKA were 2.573 (95% CI
1.239-5.345; P=0.011), 2.648 (95% CI 1.269-5.527; P=10.009),
and 2.650 (95% CI 1.114-6.306; P=0.028), respectively. The
Kaplan—Meier survival curve showed that a high PLR level was
associated with a higher risk for 90-day outcomes in patients with DKA.

The authors report that higher PLR presents a higher risk for 90-day
incidence of readmission and mortality in patients with DKA. It appears
to be a novel independent predictor of 90-day outcomes in critically ill
DKA patients in ICU units.

(Medicine 95(4):¢2596)

Abbreviations: BUN = blood urea nitrogen, CI = confidence
interval, DBP = diastolic blood pressure, DKA = diabetic
ketoacidosis, DM = diabetes mellitus, GCS = Glasgow Coma
Scale, HR = hazard ratio, ICU = intensive care unit, MIMIC II =
Multiparameter Intelligent Monitoring in Intensive Care II, MIT =
Massachusetts Institute of Technology, PLR = platelet-to-
lymphocyte ratio, ROS = reactive oxygen species, SAPS =
Simplified Acute Physiology Score, SBP = systolic blood
pressure, SOFA = sequential organ failure assessment.

INTRODUCTION

D iabetic ketoacidosis (DKA) is a life-threatening acute

complication of diabetes mellitus (DM) and is character-
ized by uncontrolled hyperglycemia, acidosis, and high con-
centrations of ketone bodies. Diabetic ketoacidosis occurs in
patients with both type 1 and type 2 diabetes, for which type 1
and type 2 diabetes is responsible for 66% and 34% patients,
respectively.'? It accounted for approximately 140,000 hospi-
talizations in the US in 2009 and a worldwide increase over the
years has been reported.> > Despite the development of
improved treatment, DKA remains at a high incidence of
recurrence and a leading cause of mortality among patients
with DM, resulting in an elevated burden for patients, hospitals,
and healthcare providers.®® The increased number of patients
critically ill with DKA demands more critical care from the
intensive care unit (ICU), resulting in resource shortages for
patients at high risk of the disease. Therefore, understanding the
risk factors is crucial for both diagnosis and treatment of DKA.

Platelet-to-lymphocyte ratio (PLR) is a novel inflamma-
tory marker, which has been demonstrated to be a predictor of
various cardiovascular diseases and tumors.”~'? Previous stu-
dies have shown that DKA was associated with an inflammatory
response in the hyperglycemic state.'>'* Given that PLR
measurement is inexpensive and routinely tested in the hospital
environment, PLR may be an ideal predictor for clinical
outcomes in patients with DKA.
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In this study, we conducted a longitudinal population
analysis to investigate the utility of PLR in predicting the
90-day clinical outcomes in patients with DKA.

MATERIALS AND METHODS
The Database

The Multiparameter Intelligent Monitoring in Intensive
Care II (MIMIC II) database contains physiologic signals,
laboratory examination, and comprehensive clinical data from
patients at Beth Israel Deaconess Medical Center.'> Data were
collected between 2001 and 2008 from a variety of ICU units
(medical, surgical, coronary care, and neonatal) and main-
tained by the Laboratory for Computational Physiology at the
Massachusetts Institute of Technology (MIT). To protecting
patient privacy, all personal data were deidentified and every
patient was identified by an integer number called a subject ID.
The database was freely available for researchers after com-
pletion of NIH web-based training course named ‘‘Protecting
Human Research Participants” (Our certification number:
1605699).

Study Design

To investigate the prognostic significance of PLR for
predicting outcomes of patient with DKA, a longitudinal popu-
lation from MIMIC II database was included. This retrospective
cohort consisted of individuals who met a diagnosis of DKA and
were admitted to ICU units in the Beth Israel Deaconess
Medical Center, from 2001 to 2008. The research protocol of
the study was approved by the Ethics Committee of Beth Israel
Deaconess Medical Center.

Population Selection and Definitions

A total of 32,535 ICU patients were recorded in the
MIMIC II database, classified by International Classification
of Disease 9 code categories. We used primarily International
Classification of Disease 9 code 250.1x to identify DKA
patients, based on the criteria of the American Diabetes Associ-
ation (ADA): plasma glucose > 13.9mmol/l (250 mg/dL),
arterial pH <7.3 and a bicarbonate level <18 mEq/l, with
ketonuria.

Subjects who met the following criteria were excluded: age
<18 years; missing data of more than 5%, or lack of PLR data;
readmission; subjects with a history of hematological disease or
any other known potential causes of hematologic disorder;
subjects who died before ICU stay.

Date Extraction

Patient data was exacted from MIMIC II (version 2.6)
using structure query language with pgAdmin PostgreSQL tools
(version 1.20.00), including patient identifiers, clinical
parameters, laboratory parameters, and scoring systems.

There are 3 identifiers associated with any given patient:

Subject ID: an integer represents a particular patient, which
can identify readmission of the same patient.

Hospital admission ID: an integer number identifying a
particular admission to the hospital. Because the patient might
be admitted to hospital several times, each patient (subject ID)
may have multiple hospital admission IDs.

Intensive care unit stay ID: an integer number identifying a
particular ICU unit stay record. When patients enter or leave a
new care unit (eg, medical, surgical, coronary, trauma, cardiac
surgery care units), a new ICU stay ID will be created.
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According to the patient identifier system, we can obtain
the hospital record of a particular patient from 2001 to 2008 at
Beth Israel Deaconess Medical Center.

A clinical parameters record was conducted in the first
24 hours after patient admission. Physiologic information (heart
rate, respiratory rate, systolic blood pressure, and diastolic
blood pressure) was measured by bedside monitors. Age,
sex, the length of stay in hospital, and readmission record were
also recorded in database queried according patient identifiers.
The date of death for patients who died in the hospital is taken
to be the date of discharge. For other patients, date of death
was obtained from social security death records from the
US government.

Platelet count and lymphocytes were obtained from the
same blood sample. The laboratory measurements included
platelet, white blood cell, lymphocyte, neutrophil, creatinine,
blood urea nitrogen, serum potassium, serum sodium, serum
pH, partial pressure of carbon dioxide, partial pressure of
oxygen, serum glucose, and urine ketone. All factors extracted
were in the first 24 hours after patient admission.

Severity of illness scores was also recorded and calculated
for patients, including Simplified Acute Physiology Score,
Sequential Organ Failure Assessment, and Glasgow Coma
Scale. In addition, the Elixhauser comorbidity score was used
as a comorbidity estimate.

Statistical Analysis

The outcomes defined in our study were ICU 90-day
readmission with a secondary ketoacidosis and all-cause
mortality. Platelet-to-lymphocyte ratio was defined as the ratio
of absolute platelet count divided by the absolute lymphocyte
count. Urine ketone was classified according to concentration,
as negative (negative laboratory result), low (negative to 50 mg/dL),
moderate (50 to 150 mg/dL), and high (over 150 mg/dL). An
optimal cutoff value for PLR of 267.67 was determined using
Youden index (best pair of sensitivity and specificity for 90-day
outcomes from a receiver operating characteristic curve),'®!’
to categorize both high and low PLR groups. Platelet-to-
lymphocyte ratio was treated as a categorical variable
(<£267.67 or >267.67).

In this longitudinal population, the hazard ratios (HRs) and
95% confidence intervals (Cls) for outcomes were calculated
using multivariable Cox proportional hazards regression after
adjusting for known confounding variables across PLR. In
addition, Kaplan—Meier survival curve was applied to describe
the incidence of outcomes during 90 days, stratified by cutoff
value of PLR.

Continuous variables were summarized as mean = stan-
standard deviation (SD) and median (interquartile range
[IQR]), respectively. The categorical variables were dis-
played as counts or percentages (%). The characteristics of
the study population in two groups were compared using
Student ¢ test or nonparametric Wilcoxon test for continuous
variables and x? test for categorical variables. All P-values
are 2-sided and a P value of <0.05 was considered statisti-
cally significant. Analyses were performed in SPSS version
20.0 (SPSS, Chicago, IL).

RESULTS

Subject Characteristics
Patient records from 32,535 subjects who underwent ICU
treatment in the Beth Israel Deaconess Medical Center were

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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initially extracted from the MIMIC II database. After exclusion
of individuals who did not meet the inclusion criteria (Figure 1),
278 eligible subjects were enrolled, including 128 men and 150
women, with a mean age of 49.1 £ 17.2 years and 46.2 + 18.9
years, respectively. There were 33 subjects excluded because of
data missing, and no difference was found between them and
included individuals in characteristics.

The mean value of PLR was 315.6 +256.9 for the study
subjects. According to the cutoff value of PLR, 149 (53.6%)
subjects were included into the low PLR group (PLR <267.37),
whereas the remaining 129 (46.4%) subjects were in the high
PLR group (PLR >267.37). Patients with PLR <267.37 had a
median PLR of 155.5 (109.6-202.2), whereas those with
PLR >267.37 had a median PLR of 392.0 (333.6-561.2).
Table 1 shows the characteristics of study subjects classified
by PLR cutoff value. Subjects with higher PLR exhibited higher
incidence of readmission and mortality in 90 days. Platelet
counts, serum potassium, and glucose were significantly higher,
whereas the lymphocyte count was lower among subjects with a
higher PLR value.

Risk Factor Analysis for Diabetic Ketoacidosis
Patients in the 90-day Outcomes

To identify whether PLR plays a causal role in the inci-
dence of readmission and in mortality, Cox proportional hazards
regression analyses were performed and Kaplan—Meier survi-
val curve was generated. As shown in Table 2 by the univariate
analysis, age, ventilator support, congestive heart failure,
PLR >267.37 and serum potassium were all significantly
associated with readmission and mortality. Patients with
PLR >267.37 were more likely to readmit and die within 90
days (HR 2.551; 95% confidence interval [CI] 1.244-5.234;

Extracted MIMICI| database v2.6

!

ALL patients
n =32,535

l Excluded neonates/children (n = 7955)

Adult patients
n = 24,580

Ketoacidosis patients
(ICD-9 codes: 250.10-250.13)
n =360

l, Excluded: missing data (n = 33),

readmission (n = 25),
Patients diseases of the blood (n = 17),
n=278

died before ICU stay (n=7)
PLR <= 267.37 PLR > 267.37
n=149 n=129

FIGURE 1. Study flow diagram. A total of 32,535 patients were
recorded in Multiparameter Intelligent Monitoring in Intensive
Care Il database. After exclusion of those individuals who did not
meet the inclusion criteria, 278 patients were included.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

P=0.011). After adjusting for clinical parameters, comorbid-
ities and laboratory parameters, a PLR > 267.37 still showed an
independent association with outcomes (Table 3). The HRs of
PLR were 2.573 (95% CI 1.239-5.345; P=0.011), 2.648 (95%
CI 1.269-5.527; P=10.009), and 2.650 (95% CI 1.114-6.306;
P =0.028), respectively. Hazard ratios of quartile PLR groups
and the comparison of platelet, lymphocyte, and PLR for
prediction of 90-day outcomes are presented in Supplementary
Table 1, http://links.lww.com/MD/A644 and Supplementary
Table 2, http://links.lww.com/MD/A644, respectively.

Figure 2 shows the cumulative incidence of readmission
and mortality status in the 90-day period, stratified by cutoff
value of PLR. Details on the correlation of groups with incident
are shown in Figure 2. At 90 days, the incidence of outcomes
was 7.4% in the low PLR group and 17.8% in the high PLR
group, respectively. A high PLR level had a higher risk of short-
term outcomes for patients with DKA. In 1-year outcome
measures, patient groups with a high PLR value maintained
a higher incidence of mortality and readmission, however, there
was no statistical significance (17.8% versus 10.7%, P = 0.082).

DISCUSSION

The MIMIC II database has used in several studies focused
on critically ill patients.'® 2% In our study, we have extracted
clinical data from electronic medical records based on the
MIMIC 1II database and presented a potentially interesting
relationship between PLR and short-term outcomes for patients
with DKA. The enrolled DKA population included 278 subjects
which were then stratified by PLR cutoff value into a high PLR
group and a low PLR group. By comparing the 2 groups, we
found that there was no significant difference in characteristics
except serum potassium and glucose levels were higher in the
high PLR group. To identify whether PLR is a risk factor
actively involved in the readmission and mortality of DKA,
we performed Cox proportional hazards regression and gener-
ated survival curves based on Kaplan—Meier estimates. We
demonstrated that the high PLR level appeared to make a
significant contribution to an increased risk of readmission
and death in patients with DKA.

At the time of writing, PLR has been a popular topic in
various investigational studies and been demonstrated to play a
crucial role in several tumor types and in cardiovascular
disease.>' ~** Data generated from research in these diseases
has supported a close association of systemic inflammatory
processes with oxidative stress, leading to alterations of plate-
let and lymphocyte levels.”>™*’ To our knowledge, our
research is the first study aimed at evaluating the association
between PLR levels and disease prognosis in critically ill
patients with DKA. Previous studies have proposed that
DKA is associated with oxidative stress and inflammatory
reaction in the hyperglycemic state.'*'* Thus, the underlying
mechanism of up-regulated PLR may also be based on the
dysfunction of the inflammatory response. Studies have pro-
posed that hyperglycemia may lead to an excessive oxidation
reaction in the tricarboxylic acid cycle, leading to an increase in
the generation of reactive oxygen species (ROS). As a result,
mitochondrial function is impaired during the production of
ROS.**7% Fengming et al showed the dysfunction of mito-
chondria found in platelets, which lead to lower platelet
viability in a rat model of DM and higher platelet counts in
patients.®' These findings are consistent with current clinical
research, which has demonstrated elevated platelet levels in
ketoacidosis patients with type 1 DM>? and moreover, the
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TABLE 1. Characteristics of Patients With ketoacidosis, Stratified by Cutoff of Platelet to Lymphocyte Ratio

PLR <267.37 PLR >267.37 All patients
Variable (n=149) n=129) (n=278) P
Clinical parameters
Age, y 46.6 +18.1 48.6£18.2 47.5+18.1 0.352
Male gender, n (%) 77 (51.7%) 51 (39.5%) 128 (46.0%) 0.043
Heart rate, bpm 98.7£17.1 99.0+18.2 98.8+17.5 0.883
Respiratory rate, brpm 19.2+53 19.7+£5.0 19.5+52 0.420
Temperature, °C 37.0+0.9 36.8+£0.8 36.9+0.8 0.303
SBP, mm Hg 126.74+22.2 13224252 129.24+23.8 0.062
DBP, mm Hg 61.5+£16.1 62.7+15.5 62.1+15.8 0.559
DM diagnosis, n (%) 0.899
Type I 97 (65.1%) 88 (68.2%) 185 (66.5%)
Type I 49 (32.9%) 39 (30.2%) 88 (31.7%)
Unknown type 3 (2.0%) 2 (1.6%) 5 (1.8%)
Ventilator support, n (%) 34 (22.8%) 29 (22.5%) 63 (22.7%) 0.946
“Length of stay, d median (IQR) 4.0 (3.0-9.0) 4.0 (3.0-8.0) 4.0 (3.0-9.0) 0.604
90-day mortality and readmission (%) 11 (7.4%) 23 (17.8%) 34 (12.2%) 0.008
Comorbidity
Congestive heart failure, n (%) 14 (9.4%) 11 (8.5%) 25 (9.0%) 0.801
Hypertension, n (%) 50 (33.6%) 31 (24.0%) 81 (29.1%) 0.081
Chronic pulmonary, n (%) 14 (9.4%) 13 (10.1%) 27 (9.7%) 0.848
Renal failure, n (%) 8 (5.4%) 13 (10.1%) 21 (7.6%) 0.138
Liver disease, n (%) 7 (4.7%) 9 (7.0%) 16 (5.8%) 0.416
Alcohol abuse, n (%) 7 (4.7%) 6 (4.7%) 13 (4.7%) 0.985
Drug abuse, n (%) 3 (2.0%) 2 (1.6%) 5 (1.8%) 0.999
Laboratory parameters
“Platelet (10°/L), median (IQR) 273.0 (206.0-333.0) 337.0 (269.0-421.0) 299.5 (231.0-376.8) <0.001
White blood cell (10°/L) 15.0£7.1 142463 14.6 £6.7 0.341
“Lymphocyte (10°/L), median (IQR) 1.9 (1.3-2.5) 0.9 (0.6—-1.1) 1.2 (0.9- 2.0) <0.001
Neutrophil (10°/L) 11.8£6.2 12.5+5.8 12.1£6.0 0.328
*Creatinine (mg/dL), median (IQR) 1.4 (1.0-2.1) 1.4 (1.0-2.2) 1.4 (1.0-2.1) 0.441
“BUN (mg/dL), median (IQR) 26.0 (16.0-41.0) 27.0 (18.0-47.0) 27.0 (17.0-43.0) 0.101
Serum potassium (mmol/L) 48+1.2 52+14 50£13 0.004
Serum sodium (mmol/L) 134.1£7.0 134.7£7.5 1344472 0.512
Serum pH 7.3+0.1 7.3+0.1 7.3+0.1 0.488
PCO, (mm Hg) 31.1£11.8 29.5+10.3 304+11.1 0.339
PO, (mm Hg) 117.9+78.7 111.0+84.8 114.7+81.5 0.560
*Serum glucose (mg/dL), median (IQR) 413.0 (238.0-630.0) 470.0 (317.0-720.0) 445.5 (288.5-672.3) 0.019
Urine ketone 0.134
Negative 17 (12.1%) 15 (12.0%) 32 (12.1%)
Low 37 (26.4%) 31 (24.8%) 68 (25.7%)
Moderate 29 (20.7%) 14 (11.2%) 43 (16.2%)
High 57 (40.7%) 65 (52.0%) 122 (46.0%)
Scoring systems
*SAPS, median (IQR) 11.0 (7.0-15.0) 11.0 (8.0-15.0) 11.0 (7.5-15.0) 0.539
“SOFA, median (IQR) 2.0 (1.0-4.0) 2.0 (1.0-5.0) 2.0 (1.0-4.0) 0.979
*GCS, median (IQR) 15.0 (15.0-15.0) 15.0 (14.0-15.0) 15.0 (14.8-15.0) 0.490

Normal distributed data presented as mean £ SD (P < 0.05; independent Student ¢ test); non-normal distributed data presented as median (IQR)

(P < 0.05; nonparametric Wilcoxon test); categorical variables presented as counts (n) or percentages (%).
BUN =blood urea nitrogen, DBP = diastolic blood pressure, DM = diabetes mellitus, GCS = Glasgow coma scale, SAPS = simplified acute
ph};siology score, SBP =systolic blood pressure, SOFA = sequential organ failure assessment.

Non-normal distributed variables.

lymphocyte count was also influenced by systemic inflammation.
Studies have reported that leukocytes may generate more ROS in
subjects with DM,>* leading to elevated oxidative DNA damage
of lymphocytes in the hyperglycemia state.** As a result, a high
proportion of apoptotic lymphocytes have been found both in a rat
model and in patients with DM.** Taken together, these studies
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illustrate the potential causes of down-regulated lymphocyte
levels in patients with DKA patients. In conclusion, the increased
PLR might be attributed to an opposing influence of hypergly-
cemia in platelet and lymphocytes.

Our study has several limitations. First, although the
MIMIC II database included more than 30,000 patients, few

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Univariate Analysis of the Associations Between 90-day Outcomes and Clinical and Biochemical Characteristics in
Patients With ketoacidosis

Variables B HR 95% CI P
Clinical parameters
Age 0.023 1.023 1.004-1.042 0.015
Gender 0.034 1.034 0.527-2.028 0.922
Heart rate 0.008 1.008 0.989-1.028 0.402
Respiratory rate 0.054 1.055 0.994-1.120 0.079
Temperature 0.168 1.183 0.790-1.771 0.415
SBP —0.002 0.998 0.984-1.012 0.765
DBP 0.008 1.008 0.987-1.030 0.448
DM diagnosis —0.421 0.656 0.321-1.341 0.248
Ventilator support 1.622 5.063 2.571-9.968 0.000
Length of stay 0.015 1.015 0.981-1.051 0.381
Comorbidity
Congestive heart failure 1.443 4.235 1.974-9.083 0.000
Hypertension —0.299 0.741 0.336—1.637 0.459
Chronic pulmonary 0.487 1.627 0.630-4.204 0.315
Renal failure 0.506 1.658 0.584-4.707 0.342
Liver disease —0.738 0.478 0.065-3.495 0.467
Alcohol abuse —0.532 0.588 0.080—4.296 0.600
Drug abuse 0.531 1.701 0.233-12.441 0.601
Laboratory parameters
PLR >267.37 0.937 2.551 1.244-5.234 0.011
Creatinine 0.035 1.036 0.878-1.221 0.677
BUN 0.009 1.009 0.997-1.021 0.147
Serum potassium 0.218 1.244 1.014-1.525 0.036
Serum sodium 0.012 1.012 0.965-1.061 0.625
Serum pH 0.024 1.024 0.069-15.187 0.986
PCO, 0.012 1.012 0.979-1.047 0.488
PO, 0.002 1.002 0.998—1.006 0.276
Serum glucose 0.001 1.001 1.000—1.002 0.196
Urine ketone —0.185 0.831 0.614-1.126 0.232
Scoring systems
SAPS 0.016 1.017 0.945-1.093 0.658
SOFA —0.048 0.953 0.824-1.102 0.517
GCS 0.099 1.104 0.886—1.375 0.378

BUN =blood urea nitrogen, CI = confidence interval, DBP = diastolic blood pressure, DM = diabetes mellitus, HR = Hazard Ratio, PLR = platelet
to lymphocyte ratio, SBP = systolic blood pressure.

TABLE 3. Hazard Ratio (95% Confidence Interval) for Platelet to Lymphocyte Ratio in 90-day Readmission and Mortality of
Ketoacidosis Patients

PLR >212.76 B HR 95% CI P

Model 1 0.937 2.551 1.244-5.234 0.011
Model 2 0.945 2.573 1.239-5.345 0.011
Model 3 0.974 2.648 1.269-5.527 0.009
Model 4 0.975 2.650 1.114-6.306 0.028

Model 1 is univariate analysis for PLR.

Model 2 is adjusted for clinical parameters (age, sex, heart rate, respiratory rate, temperature, systolic blood pressure, diastolic blood pressure,
diabetes mellitus diagnosis, length of stay, ventilator support).

Model 3 is adjusted for comorbidities (congestive heart failure, hypertension, chronic pulmonary, renal failure, liver disease, alcohol abuse, drug
abuse).

Model 4 is adjusted for laboratory parameters (creatinine, blood urea nitrogen, serum potassium, serum sodium, serum PH, PCO,, PO,, serum
glucose, and urine ketone).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 5
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