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Neutrophil to lymphocyte ratio predicts persistent
organ failure and in-hospital mortality in an Asian
Chinese population of acute pancreatitis
Yushun Zhang, MDa, Wei Wu, BS Medb, Liming Dong, MD, PhDa, Chong Yang, MD, PhDc,
Ping Fan, MD, PhDa,∗, Heshui Wu, MD, PhDa,∗

Abstract
Neutrophil to lymphocyte ratio (NLR) has frequently been reported as a significant indicator of systemic inflammation in various
medical conditions. The association underlying NLR and outcomes in patients with acute pancreatitis (AP) has not been evaluated
after the publication of revised Atlanta classification.
This was a single-center retrospective diagnostic accuracy study and a cohort outcome study. From 2009 to 2015, Asian Chinese

patients with a diagnosis of AP presented within 72hours from symptom onset and underwent neutrophil, lymphocyte assessment at
presentation were included in this study. The outcomes were the occurrence of persistent organ failure (POF), intensive care unit (ICU)
stay >7 days, and in-hospital mortality. The relationships of baseline neutrophil, lymphocyte count, and NLR with outcomes were
assessed with multivariate Cox regression model.
A total of 974 consecutive AP patients were clinically eligible. The mean neutrophils, lymphocytes, and NLR for the entire

population were 10.23±4.76 �109/L, 1.05±0.49 �109/L, and 12.88±11.25. Overall, 223 (22.9%) of the patients developed with
POF, 202 (20.7%) spent more than 7 days in ICU, and 58 (6.0%) died during hospitalization. The NLR had a superior predictive
performance than neutrophils and lymphocytes. Using an NLR cutoff of 11, the area under the curves (AUC) were 0.76 for POF, 0.74
for longer ICU stay, and 0.79 for death during hospitalization. After multivariate analysis, NLR≥11 was further identified as an
independent prognostic factor (hazard ratio [HR] 1.37, 95% confidence interval [CI] 1.00–1.89; HR 1.44, 95%CI 1.03–2.00; HR 2.75,
95%CI 1.12–6.76; all P value<0.05). Following stratification according to quartiles of NLR, positive trends for the association across
increasing NLR quartiles and the 3 outcomes were observed (P values for trends across quartiles were 0.007, 0.016, and 0.028,
respectively). The adjusted HRs for highest NLR quartile versus the lowest were 2.80 (95% CI 1.42–5.51) (POF), 2.79 (95% CI
1.37–5.70) (ICU>7 days), and 2.22 (95% CI 0.49–10.05) (mortality), respectively.
Our data show for the first time that an increased NLR is an independent risk factor for POF, longer ICU stay, and in-hospital

mortality in AP.

Abbreviations: AP = acute pancreatitis, AUC = area under the curve, CI = confidence interval, HR = hazard ratio, ICU = intensive
care unit, NLR= neutrophil to lymphocyte ratio, NPV = negative predictive value, OF = organ failure, POF = persistent organ failure,
PPV = positive predictive value, ROC = receiver operating characteristic, SIRS = systemic inflammatory response syndrome.
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1. Introduction

Acute pancreatitis (AP) represents a paradigm model character-
ized by local and systemic inflammation, which is observed
clinically from no systemic signs through the systemic inflamma-
tory response syndrome (SIRS), organ failure (OF), persistent
organ failure (POF), and death.[1,2] The underlying pathophysi-
ology through which local pancreatic injury drives the systemic
inflammatory response has not been fully elucidated, but
cumulative data suggest that both innate immune system
(including neutrophils, monocytes, and macrophages) and
adaptive immune system (mainly composed of lymphocytes)
play pivotal roles.[3,4]

Over the past 1 decade, numerous research groups have
investigated the value of the hematological components of the
systemic inflammatory response specifically for use in predicting
disease severity as well as outcome, and have reported that the
individual components of the differential leukocyte count may
have clinically predictive utility. Neutrophil to lymphocyte ratio
(NLR), a simple, easily calculated systemic inflammation-based
score, has been generally investigated in a variety of disease
states, including inflammatory, cardiovascular, and neoplastic
conditions.[5–7]
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NLR has been shown an association with disease severity and
adverse outcomes in AP.[8,9] However, no study has investigated
any possible relationship between NLR and incidence of POF,
longer stay in intensive care unit (ICU), and in-hospital mortality
in a large population of AP. In the present study, we aimed to
evaluate whether there is an association between NLR and the 3
outcomes in patients with AP.
2. Materials and methods

2.1. Study population

Consecutive patients who admitted to the Pancreatic Disease
Institute of Union Hospital (Wuhan, China) with a confirmed
diagnosis of AP between January 2009 and January 2015 were
included in this retrospective study. AP was defined as clinical
findings based on the presence of 2 or more of the following 3
criteria: abdominal pain consistent with AP; serum amylase and/
or lipase elevation≥3 times the upper limit of normal; and/or
contrast-enhanced computed tomography, magnetic resonance
imaging, or abdominal ultrasonography findings characteristic of
AP.[1] Of these, 1951 AP patients had laboratory data for
AP patients with available assessment of n
counts on admission (n = 1951)

Included patients with AP (

NLR ≥ 11 (n=425)

POF (n=162)
ICU stay > 7 days (n=148)
In-hospital death (n=51)

Figure 1. Flow diagram illustrating the selection of patients. AP=acute pancre
persistent organ failure.
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neutrophil and lymphocyte counts measured upon presentation
to hospital. For this study, individuals were excluded if they met
any of the following: the time from abdominal pain onset to
hospital admission ≥72hours (n=582), age younger than 18
years (n=47), pancreatitis induced by trauma or pregnancy (n=
61), chronic pancreatitits (n=93), a history of cancer or
hemoproliferative disorder (n=26), recent chemotherapy or
treatment with steroids (n=39), and unavailable laboratory
measurements or medical records (n=174). As some individuals
met more than 1 exclusion criteria, the total number of eligible
patients for the study was 974 (Fig. 1).
The study protocol conformed to the ethical guidelines of the

1975 Declaration of Helsinki. The local Ethics Committee of
Union Hospital (Wuhan, China) approved this study. Informed
consent for individual was exempted because personal identifi-
able information was removed prior to accession.
2.2. Data collection

Electronic medical records and paper charts were reviewed by 1
independent physician for information on demographics (age,
sex, and etiology), medical history, smoking habit, alcohol
eutrophil and lymphocyte 

n=974)

Excluded:
the time from abdominal pain onset to hospital 
admission ≥ 72 h (n=582);
age less than 18 years (n=47);
AP induced by trauma or pregnancy (n=61);
chronic pancreatitits (n=75);
a history of cancer or hemoproliferative disorder 
(n=26);
recent chemotherapy or treatment with steroids 
(n=39);
unavailable laboratory measurements or medical 
records (n=147).

NLR < 11 (n=549)

POF (n=61)
ICU stay > 7 days (n=54)
In-hospital death (n=7)

atitis, ICU= intensive care unit, NLR=neutrophil to lymphocyte ratio, POF=



Table 1

Baseline characteristics of the patients with acute pancreatitis.

All patients %

No. 974
Age, years 46.2±14.5
Male sex 561 57.6
Etiology
Biliary 546 56.1
Alcohol 219 22.4
Hyperlipidemia 142 14.6
Idiopathic 67 6.9

Neutrophil count, �109/L 10.23±4.76
Lymphocyte count, �109/L 1.05±0.49
NLR 12.88±11.25
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consumption, preexisting comorbidity, and outcome (POF, ICU
stay, and in-hospital mortality). Blood samples were collected
within 2hours after hospitalization and analyzed using an
automated clinical chemical analyzer within 6hours of sampling
in the same core clinical laboratory in Union Hospital (Wuhan,
China).
Neutropenia was defined as a neutrophil count of less than

1.5�109/L and neutrophilia as a count of more than 7.0�109/L.
Lymphocytopenia was defined as a lymphocyte count of less than
1.0�109/L and lymphocytosis as a count more than 4.0�109/L.
The NLR was defined as the division of the absolute neutrophil
count to the absolute lymphocyte count measured upon
admission to hospital as described previously.[10]
Outcomes
POF 223 22.9

Solitary POF 159
Respiratory 159
Renal 0
Cardiovascular 0

Multiple POF 64
Respiratory+ renal 39
Respiratory+cardiovascular 18
Respiratory+cardiovascular+ renal 7

Need for ICU admission 317 32.5
ICU stay>7 days 202 20.7
In-hospital mortality 58 6.0

Data are presented as mean (standard derivation) and number (percentage). ICU= intensive care unit,
NLR=neutrophil to lymphocyte ratio, POF=persistent organ failure.
2.3. Outcomes

The outcomes were incidence of POF, ICU stay>7 days, and in-
hospital mortality. OF was diagnosed according to the
modified Marshall score[1] when the following cutoffs were
exceeded: cardiovascular failure if systolic blood pressure
was <90mmHg despite fluid replacement; respiratory
failure if the ratio of PaO2/FiO2 was <300mmHg; and renal
failure if serum creatinine was ≥1.9mg/dL. POF was identified if
OF lasts for more than 48hours. The outcome information was
centrally adjudicated, in accordance with above definitions, by
trained clinicians and radiologists who were blinded to this
study.
2.4. Statistical analysis

Statistical analysis was performed using SPSS 20.0 (SPSS Inc,
Chicago IL). Continuous data are presented as mean and
standard deviation. Categorical data are reported as percen-
tages. Student t test and Mann–Whitney U test were used to
evaluate the differences of baseline characteristics between the
study cohort and the control group. Multiple group compar-
isons were performed using the Chi-square test for categorical
variables and the Kruskal–Wallis test for continuous data. The
diagnostic performance of neutrophils, lymphocytes, and NLR
were assessed by receiver operating characteristic (ROC) curves,
and the area under the ROC curve (area under the curve, [AUC])
was estimated. Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were assessed
with 95% confidence interval (95% CI). Univariable, age and
sex adjusted, or multivariable analyses for outcomes were
performed using a logistic regression model adjusted for
potential confounding factors. The confounding covariates
included age, sex, smoking habit, alcohol use, preexisting
comorbidities such as chronic respiratory, renal, and cardiovas-
cular disease, admission laboratory data, and severity scores.
Hazard ratios (HRs) and 95% CIs are presented. P values were
2-sided, and a P value <0.05 was considered to be statistically
significant.
NLR quartiles: quartile 1, <6.25; quartile 2, 6.25 to 9.63;

quartile 3, 9.63 to 15.86; and quartile 4, ≥15.86. Neutrophil
quartiles: quartile 1, <6.89 �109/L; quartile 2, 6.89 to 9.60 �
109/L; quartile 3, 9.60 to 12.67 �109/L; and quartile 4,
≥12.67 �109/L. Lymphocyte quartiles: quartile 1, <0.70 �
109/L; quartile 2, 0.70 to 0.94 �109/L; quartile 3, 0.94 to 1.31 �
109/L; and quartile 4, ≥1.31 �109/L. For testing linear risk
trends, we used the quartile rank as a continuous variable in the
regression models. We checked the proportional HRs by
examining graphs of estimated log (�log) survival.
3

3. Results

3.1. Patient characteristics

Baseline characteristics of 974 patients with AP are presented in
Table 1. The mean age of the population was 46 years and 561
(57.6%) of the patients were male. The most common cause was
biliary-induced AP (56.1%), followed by alcohol-induced AP
(22.4%) and hyperlipidemia-induced AP (14.6%), and 6.9% of
the patients with unknown etiology. The mean neutrophil count,
lymphocyte count, and NLR upon admission for the entire
population were 10.23±4.76 �109/L, 1.05±0.49 �109/L, and
12.88±11.25, respectively.
3.2. Outcomes

Overall, 465 (47.7%) of the patients developed OF. A total of 459
patients developed with pulmonary failure, 67 with renal failure,
and 46with cardiac failure. A total of 223 patients were diagnosed
with POF. There were 159 patients developing solitary POF (all in
respiratory system). Multiple POF was observed in 64 patients
(39 of lung and kidney, 18 of lung and heart, and 7 of lung, kidney,
and heart). Accordingly, 317 patients were admitted to ICU, and
202of themspentmore than7days in ICU.Duringhospitalization,
58 patients with POF died with an overall mortality of 6.0%. No
death was observed in patients without POF. Fourteen patients
died due to persistent respiratory failure, 31 due to multiple POF,
and 13 due to infected pancreatic necrosis.
3.3. Neutrophil, lymphocyte, and NLR levels on
presentation

Mean neutrophil count, lymphocyte count, and NLR at
presentation were 12.81±5.57 �109/L, 0.80±0.41 �109/L,
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Figure 2. Receiver operated characteristic curve of neutrophil, lymphocyte count, and NLR for the diagnosis of POF (A), ICU stay >7 days (B), and in-hospital
mortality (C). ICU= intensive care unit, NLR=neutrophil to lymphocyte ratio, POF=persistent organ failure.

Table 2

Clinical characteristics of patients according to neutrophil to
lymphocyte ratio (cutoff value:11).

NLR<11 NLR≥11 P
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and 19.89±14.26 in patients with POF, and 9.46±4.21 �10 /L,
1.12±0.49 �109/L, and 10.80±9.22 in patients without POF
(all P<0.001). Patients who spent more than 7 days in ICU also
demonstrated a higher neutrophil count (12.61±5.19 vs 9.61±
4.44 �109/L; P<0.001), NLR (19.24±13.70 vs 11.21±9.86;
P<0.001), and a lower value of lymphocyte count (0.81±0.40 vs
1.11±0.50 �109/L; P<0.001). Significant difference was found
in the level of admission neutrophils (12.83±6.72 vs 10.06±
4.57 �109/L), lymphocytes (0.61±0.29 vs 1.07±0.49 �109/L),
and NLR (23.81±15.09 vs 12.19±10.59) between survivors
and nonsurvivors (all P<0.001).
No. 549 425
Sex (male/female) 317/232 244/181 0.918
Age, years 43.3±13.1 49.8±15.5 <0.001
Daily drinker 244 (44.4%) 170 (40.0%) 0.164
Current smoker 254 (46.3%) 208 (48.9%) 0.407
Preexisting comorbidities
Chronic respiratory disease 79 (14.4%) 133 (31.3%) <0.001
Chronic renal disease 16 (2.9%) 27 (6.4%) <0.001
Cardiovascular disease 21 (3.8%) 45 (10.6%) <0.001

Laboratory data
Hematocrit, % 39.5±5.4 41.3±5.9 <0.001
Platelet count, �109/L 187.1±64.6 175.1±65.1 0.004
Serum glucose, mmol/L 7.7±3.6 9.0±3.8 <0.001
Albumin, g/L 36.5±7.3 33.4±8.1 0.022
Serum creatinine, mmol/L 71.3±77.4 88.0±84.9 0.002
Fibrinogen, g/L 4.8±1.7 5.1±1.7 0.008
Serum sodium, mmol/L 138.8±3.5 137.7±4.5 <0.001
Serum potassium, mmol/L 4.1±0.6 4.1±0.6 0.708
Serum calcium, mmol/L 2.2±0.6 2.0±0.3 <0.001
Total leukocyte count, �109/L 9.8±3.3 15.2±5.0 <0.001
Neutrophil count, �109/L 7.7±3.1 13.5±4.5 <0.001
Lymphocyte count, �109/L 1.3±0.5 0.7±0.3 <0.001
NLR 6.5±2.6 21.1±12.7 <0.001

Severity scores
SIRS 1.9±0.9 2.7±0.8 <0.001
Ranson 2.9±1.9 4.9±2.2 <0.001

Outcomes
POF 61 (11.1%) 162 (38.1%) <0.001
ICU>7 days 54 (9.8%) 148 (34.8%) <0.001
In-hospital mortality 7 (1.3%) 51 (12.0%) <0.001

Data are presented as mean (standard derivation) and number (percentage). ICU= intensive care unit,
NLR=neutrophil to lymphocyte ratio, POF=persistent organ failure, SIRS= systemic inflammatory
response syndrome.
3.4. Predictive value of neutrophil, lymphocyte, and NLR

ROC analysis was utilized to assess the diagnostic performance of
neutrophil, lymphocyte, and NLR detected on admission for
POF, ICU stay >7 days, and in-hospital mortality (Fig. 2). The
NLR and lymphocyte count had a similar predictive performance
for in-hospital mortality (AUC 0.79, 95% CI 0.74–0.85 vs AUC
0.80, 95%CI 0.75–0.86; P>0.05), which was better than that of
neutrophil count (AUC 0.65, 95% CI 0.57–0.72; P<0.05).
However, the NLR had a superior predictive performance than
lymphocytes and neutrophils for POF (AUC 0.76, 95% CI
0.72–0.79 vs AUC 0.70, 95%CI 0.66–0.74 and AUC 0.69, 95%
CI 0.65–0.73; P<0.05) and ICU stay >7 days (AUC 0.74, 95%
CI 0.71–0.78 vs AUC 0.68, 95% CI 0.64–0.72 and AUC 0.67,
95% CI 0.63–0.72; P<0.05). The best NLR cutoffs for
diagnosing POF, ICU stay >7 days, and in-hospital mortality
were 11.45, 10.56, and 11.44, respectively. We decided to choose
NLR=11 as the cutoff value. Using the cutoff of 11, the
sensitivity of NLR for the prediction of POF was 72%, the
specificity was 67%, the PPV was 39%, and the NPV was 89%.
For the diagnosis of ICU stay >7 days, the sensitivity was 76%,
the specificity was 63%, the PPV was 35%, and the NPV was
91%. For predicting in-hospital mortality, the sensitivity,
specificity, PPV, and NPV were 88%, 61%, 13%, and 99%,
respectively.

3.5. Association between neutrophil, lymphocyte, NLR,
and outcomes

Clinical characteristics of patients according to NLR levels
(cutoff: 11) are presented in Table 2. When AP patients were
4

stratified according to the higher normality cutoff of NLR (cutoff:
11), the age of AP patients with NLR≥11 were much older, and
they were more likely to present with preexisting comorbidities
(including chronic respiratory disease, chronic renal disease, and
cardiovascular disease). Furthermore, patients with NLR≥11
showed significantly higher levels of hematocrit, glucose,



Table 3

Risk of POF, ICU stay >7 days, and in-hospital mortality by NLR≥11, neutrophilia, and lymphocytopenia.

POF P ICU stay >7 days P In-hospital mortality P

NLR≥11 (presence vs absence)
Unadjusted HR (95% CI) 3.43 (2.56, 4.61) <0.001 3.54 (2.59, 4.83) <0.001 9.41 (4.27, 20.74) <0.001
Age- and sex-adjusted HR (95% CI) 3.10 (2.29, 4.19) <0.001 3.25 (2.36, 4.47) <0.001 6.15 (2.74, 13.82) <0.001
Multivariate-adjusted HR (95% CI)

∗
1.37 (1.00, 1.89) 0.042 1.44 (1.03, 2.00) 0.032 2.75 (1.12, 6.76) 0.027

Neutrophilia (presence vs absence)
Unadjusted HR (95% CI) 2.59 (1.95, 3.44) <0.001 2.44 (1.82, 3.28) <0.001 2.80 (1.59, 4.92) <0.001
Age- and sex-adjusted HR (95% CI) 2.39 (1.79, 3.19) <0.001 2.27 (1.69, 3.06) <0.001 1.94 (1.08, 3.49) <0.001
Multivariate-adjusted HR (95% CI)

∗
1.12 (0.73, 1.73) 0.604 1.15 (0.73, 1.80) 0.557 0.76 (0.34, 1.72) 0.515

Lymphocytopenia (presence vs absence)
Unadjusted HR (95% CI) 2.52 (1.87, 3.39) <0.001 2.36 (1.74, 3.21) <0.001 9.60 (3.84, 24.03) <0.001
Age- and sex-adjusted HR (95% CI) 2.23 (1.65, 3.03) <0.001 2.12 (1.54, 2.90) <0.001 6.34 (2.50, 16.08) <0.001
Multivariate-adjusted HR (95% CI)

∗
1.42 (1.03, 1.93) 0.033 1.35 (0.97, 1.87) 0.071 3.43 (1.32, 8.93) 0.012

Cox proportional hazard models were used to assess HRs and 95% CI. CI= confidence interval, HR=hazard ratio, ICU= intensive care unit, NLR=neutrophil to lymphocyte ratio, POF=persistent organ failure,
SIRS= systemic inflammatory response syndrome.
∗
Multivariate analysis: adjustment for age, sex, smoking habit, alcohol intake, history of chronic respiratory, renal and cardiovascular disease, admission laboratory data including hematocrit, platelet count, serum

glucose, albumin, creatinine, fibrinogen, sodium, potassium and calcium, SIRS score, and Ranson score.
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creatinine, fibrinogen, and total leukocyte count, while platelet
count, levels of albumin, sodium, and calcium were statistically
lower. No significance was observed in respect to gender,
drinking and smoking habit, and serum potassium level between
patients with and without NLR≥11. Taking NLR≥11 as a
dichotomous variable, the incidence of POF, ICU stay >7 days,
and in-hospital mortality was 38.1%, 34.8%, and 12.0% in
patients with NLR≥11, and 11.1%, 9.8%, and 1.3% in patients
with NLR<11 (all P<0.001).
Table 3 demonstrates HRs and 95% CI for POF, ICU stay >7

days, and in-hospital mortality according to NLR levels (cutoff:
11), neutrophil count (presence or absence of neutrophilia), and
lymphocyte count (presence or absence of lymphocytopenia). In
univariate analysis, NLR≥11, presence of neutrophilia, and
lymphocytopenia were significantly associated with the incidence
of outcomes. These trends remained significantly different even
after adjusting for sex and age. After multivariate adjustment for
confounding factors by analysis of covariance, for NLR≥11, the
trends remained statistically significant for POF (adjusted HR
1.37, 95% CI 1.00–1.89), ICU stay >7 days (adjusted HR 1.44,
95%CI 1.03–2.00), and in-hospital mortality (adjustedHR 2.75,
95% CI 1.12–6.76) (all P<0.001). Lymphocytopenia remained
statistically associated with incidence of POF and in-hospital
mortality. However, neutrophilia was not independently associ-
ated with the outcomes after multivariate adjustment.
Table 4 shows clinical features of the 974 patients according to

quartiles of NLR. Age, levels of hematocrit, serum glucose,
creatinine, fibrinogen, potassium, counts of total leukocyte,
neutrophil, disease severity scores (SIRS and Ranson), and the
frequency of preexisting comorbidities increased, whereas levels
of platelet count, albumin, sodium, calcium, and counts of
lymphocyte decreased with higher NLR quartiles. When AP
patients were stratified according to NLR quartiles, there was a
statistically significant stepwise increase in the incidence of POF
(4.1%, 14.8%, 27.2%, and 45.5% for quartile 1–4; P<0.001),
ICU stay>7 days (3.7%, 14.0%, 25.8%, and 39.3% for quartile
1–4; P<0.001), and in-hospital mortality (0.8%, 1.6%, 7.4%,
and 13.9% for quartile 1–4; P<0.001) with increasing quartile
of baseline NLR.
Table 5 shows HRs and 95% CIs for POF, ICU stay >7 days,

and in-hospital mortality by quartile of NLR with quartile 1
(lowest quartile) as reference. There was a positive trend for the
association across increasing NLR quartiles and incidence of
5

POF, ICU stay >7 days, and in-hospital mortality, P values for
trends across quartiles were all <0.001. These trends remained
significantly different even after adjusting for sex and age. After
multivariate adjustment, the P values for trends across quartiles
remained statistically significant (P=0.007 for POF, P=0.016
for ICU stay >7 days, and P=0.028 for in-hospital mortality).
The adjusted HRs for highest NLR versus the lowest quartile
were 2.80 (95% CI 1.42–5.51) (POF), 2.79 (95% CI 1.37–5.70)
(ICU stay >7 days), and 2.22 (95% CI 0.49–10.05) (in-hospital
mortality).
Wenext evaluatedHRs and 95%CI for POF, ICU stay>7 days,

and in-hospital mortality by quartile of neutrophil count and
lymphocyte count with quartile 1 (lowest quartile) as the reference
quartile (Supplementary Table 1, http://links.lww.com/MD/B259
and Supplementary Table 2, http://links.lww.com/MD/B259).
WhenAPpatientswere stratified according toneutrophil quartiles,
there was a statistically significant stepwise increase in the
incidence rate of POF, ICU stay>7 days, and in-hospital mortality
with increasing quartile of neutrophils. However, after multivari-
ate adjustment, no significant association between each outcome
and quartiles of neutrophils was found (Supplementary Table 1,
http://links.lww.com/MD/B259).WhenAPpatientswere stratified
according to lymphocyte quartiles, there was a statistically
significant stepwise decrease in the incidence rate of POF, ICU
stay>7 days, and in-hospital mortality with increasing quartile of
lymphocytes. For admission lymphocyte count, after multivariate
adjustment, the P values for trends across quartiles remained
statistically significant (P=0.005 for POF, P=0.016 for ICU stay
more than 7 days, and P<0.001 for in-hospital mortality).
Lymphocyte count quartiles were inversely associated with POF
(adjusted HR for highest quartile 0.67, 95% CI 0.41–1.09), ICU
stay >7 days (adjusted HR for highest quartile 0.74, 95% CI
0.44–1.22), and in-hospital mortality (adjusted HR for highest
quartile 0.23, 95%CI 0.05–0.98) (Supplementary Table 2, http://
links.lww.com/MD/B259).
4. Discussion

In the present research, we examined the involvement of NLR at
admission with incidence of POF, longer ICU stay, and in-hospital
mortality in an Asian Chinese population of patients with AP.
The results revealed significant involvement of NLR in all

outcomes even after adjustment for relevant potential confounding

http://links.lww.com/MD/B259
http://links.lww.com/MD/B259
http://links.lww.com/MD/B259
http://links.lww.com/MD/B259
http://links.lww.com/MD/B259
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Table 4

Clinical features of patients by quartiles of neutrophil to lymphocyte ratio.

Neutrophil to lymphocyte ratio quartile

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile P

No. 244 242 244 244
Sex (male/female) 125/119 146/96 155/89 135/109 0.032
Age, years 39.7±13.3 46.7±11.9 47.4±15.6 50.9±14.8 <0.001
Daily drinker 44 (18.0%) 63 (25.9%) 65 (26.6%) 58 (23.8%) <0.001
Current smoker 43 (17.6%) 65 (26.7%) 54 (22.1%) 45 (18.4%) <0.001
Preexisting comorbidities
Chronic respiratory disease 21 (8.6%) 38 (15.7%) 56 (22.9%) 97 (39.8%) <0.001
Chronic renal disease 4 (1.6%) 7 (2.9%) 14 (5.7%) 18 (7.4%) <0.001
Cardiovascular disease 7 (2.9%) 11 (4.5%) 21 (8.6%) 27 (11.1%) <0.001

Laboratory data
Hematocrit, % 38.9±5.1 39.6±5.2 41.3±6.4 41.3±5.8 <0.001
Platelet count,�109/L 193.9±61.7 184.8±65.1 174.7±61.8 174.4±68.9 <0.001
Serum glucose, mmol/L 7.0±2.2 8.1±4.5 8.8±3.8 9.1±3.6 <0.001
Albumin, g/L 36.9±7.1 34.1±6.8 33.9±7.4 31.8±6.3 <0.001
Serum creatinine, mmol/L 70.3±107.8 69.4±36.3 85.9±76.8 88.7±85.4 <0.001
Fibrinogen, g/L 4.6±1.5 4.9±1.9 5.1±1.7 5.3±1.6 <0.001
Serum sodium, mmol/L 139.6±3.1 138.6±3.8 137.5±3.8 137.7±4.7 <0.001
Serum potassium, mmol/L 4.0±0.5 4.0±0.6 4.1±0.7 4.2±0.6 <0.001
Serum calcium, mmol/L 2.2±0.4 2.3±0.8 2.0±0.3 1.9±0.3 <0.001
Total leukocyte count, �109/L 8.3±2.9 10.5±2.7 13.2±4.1 16.4±5.2 <0.001
Neutrophil count, �109/L 5.9±2.7 8.7±2.2 11.5±3.5 14.8±4.7 <0.001
Lymphocyte count, �109/L 1.6±0.5 1.1±0.3 0.9±0.3 0.6±0.2 <0.001
NLR 4.0±1.5 8.0±1.1 12.5±1.8 26.9±14.1 <0.001

Severity scores
SIRS 1.8±0.8 1.9±0.9 2.5±0.8 2.9±0.8 <0.001
Ranson 2.5±1.5 3.0±2.1 4.3±2.2 5.3±2.1 <0.001

NLR quartiles: quartile 1, <6.25; quartile 2, 6.25 to 9.63; quartile 3, 9.63 to 15.86; quartile 4, ≥15.86. Data are presented as mean (standard derivation) and number (percentage). NLR=neutrophil to
lymphocyte ratio, SIRS= systemic inflammatory response syndrome.
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factors, indicating that higher NLR is an independent prognostic
factor for the outcomes in AP.
The finding suggests that elevated number of neutrophil

accompanied by decreased number of lymphocyte might play a
role in the development and progression of AP.
Table 5

HRs for POF, ICU stay >7 days, and in-hospital mortality by neutrop

Neutroph

1st quartile 2nd quartil

No. 244 242
POF
No. of cases, % 10 (4.1%) 36 (14.8%)
Unadjusted HR (95% CI) 1.00 (reference) 3.49 (1.73, 7.
Age- and sex-adjusted HR (95% CI) 1.00 (reference) 3.29 (1.63, 6.
Multivariate-adjusted HR (95% CI) 1.00 (reference) 2.29 (1.13, 4.

ICU stay >7 days
No. of cases, % 9 (3.7%) 34 (14.0%)
Unadjusted HR (95% CI) 1.00 (reference) 3.49 (1.73, 7.
Age- and sex-adjusted HR (95% CI) 1.00 (reference) 3.29 (1.63, 6.
Multivariate-adjusted HR (95% CI) 1.00 (reference) 2.44 (1.16, 5.

In-hospital mortality
No. of cases, % 2 (0.8%) 4 (1.6%)
Unadjusted HR (95% CI) 1.00 (reference) 1.49 (0.25, 8.
Age- and sex-adjusted HR (95% CI) 1.00 (reference) 1.43 (0.26, 7.
Multivariate-adjusted HR (95% CI)

∗
1.00 (reference) 1.06 (0.17, 6.

NLR quartiles: quartile 1, <6.25; quartile 2, 6.25 to 9.63; quartile 3, 9.63 to 15.86; quartile 4, ≥15.86
SIRS= systemic inflammatory response syndrome.
∗
Multivariate analysis: adjustment for age, sex, smoking habit, alcohol intake, history of chronic respiratory,

glucose, albumin, creatinine, fibrinogen, sodium, potassium and calcium, SIRS score, and Ranson scor

6

NLR is first reported as an easily measurable parameter of
systemic inflammation and stress by Zahorec[10] in critically ill.
Since then, its prognostic value in numerous clinical conditions
has been clarified. Three previous studies revealed an association
between worse outcomes and elevated NLR in patients with
hil to lymphocyte ratio quartile.

il to lymphocyte ratio quartile

e 3rd quartile 4th quartile P for trend

244 244

66 (27.2%) 111 (45.5%) <0.001
04) 6.64 (3.42, 12.91) 10.96 (5.74, 20.94) <0.001
66) 5.92 (3.02, 11.58) 9.61 (4.99, 18.52) <0.001
66) 2.27 (1.14, 4.53) 2.80 (1.42, 5.51) 0.007

63 (25.8%) 95 (39.3%) <0.001
04) 6.64 (3.42, 12.91) 10.96 (5.74, 20.94) <0.001
66) 5.92 (3.02, 11.58) 9.61 (4.99, 18.52) <0.001
12) 2.46 (1.19, 5.07) 2.79 (1.37, 5.70) 0.016

18 (7.4%) 34 (13.9%) <0.001
94) 8.93 (2.07, 38.47) 16.79 (4.03, 69.89) <0.001
81) 5.22 (1.19, 23.00) 8.72 (2.05, 37.13) <0.001
62) 1.48 (0.32, 6.92) 2.22 (0.49, 10.05) 0.028

. CI= confidence interval, HR=hazard ratio, ICU= intensive care unit, POF=persistent organ failure,

renal and cardiovascular disease, admission laboratory data including hematocrit, platelet count, serum
e.
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pancreatic cancer. More investigations of systemic inflam-
mation-based NLR value may identify novel treatment strategies
for patients with cancer.[14] One recent study by Salciccioli
et al[15] found an association between NLR and mortality in a
population of unselected critically ill patients.
With respect to the relationship between NLR and systemic

inflammatory response, 4 studies, including ours, have recently
investigated the relationships between NLR and outcome in a
population of patients with AP. Utility of the NLR in AP was first
investigated by Azab et al.[8] They noticed that the NLR was a
more sensitive parameter than total leukocyte counts in
predicting ICU admission and longer hospitalization. They
suggested an NLR cutoff value of >4.7 as a warning sign of poor
outcome. But the in-hospital mortality was low (1.4%). Besides,
they failed to assess records of PNec and OF, 2 major factors
associated with mortality. What is more, information regarding
the time between symptom onset and admission to the hospital in
individuals was not available. Suppiah et al[9] later revealed that
NLR measured during the first 48hours of hospitalization was
significantly associated with the risk of developing severe form of
AP (classified by 1992 Atlanta criteria). But the study was
confined to a limited number of patients (n=146). Most patients
(84.9%) were diagnosed as mild AP without local or systemic
complications and organ dysfunction. And the time from
abdominal pain onset to hospitalization remained unclear.[16]

Recently, Gulen et al[17] investigated the association between
NLR and early mortality (within 48hours) in patients with
nontraumatic AP. They suggested NLR was not an independent
prognostic factor.
However, no previous study has investigated the association

between admission NLR and increased incidence of POF, longer
ICU stay, and in-hospital mortality in AP. Therefore, to our
knowledge, this study is the first time to show that elevated NLR
is significantly associated with increased risk of adverse outcome
in an Asian Chinese population with AP.
AP is an inflammatory featured by activation of both innate

and adaptive immune systems. The former is directed by
macrophages and neutrophils with secretion of proinflammatory
chemokines and cytokines (such as interleukin-1b and tumor
necrosis factor-a), granule enzymes, and reactive oxygen species.
The activation of neutrophils is vital for host defense in SIRS, but
their overzealous recruitment leads to massive cell transmigration
to the site of inflammation, and their subsequent activation
results in the release of aggressive defense molecules, leading to
relevant tissue destruction and organ dysfunction.[4,18–20] Mainly
composed of lymphocytes, the latter is activated secondary to
cytokine cascade and mediates the subsequent regulation of
inflammatory response.[21–23] Uncontrollable inflammation re-
sponse corresponds with SIRS, OF, and POF, which are
independently correlated with prolonged hospitalization, high
rates of morbidity, and mortality.[24–27] It is well established that
the acute systemic inflammatory response is associated with
alterations in peripheral leukocyte, particularly the presence of
neutrophilia with a relative lymphocytopenia (elevated NLR),
reflecting the acute changes of the immune system in the setting
of AP.
The relationship between neutrophils, lymphocytes, and NLR

and POF, in-hospital mortality in AP has not been studied yet. In
our stratified analyses, we show here for the first time that NLR is
an independent predictive factor of POF, ICU stay >7 days, and
in-hospital mortality, and its predictive value is significantly
higher than other differential parameters. Using NLR≥11 as
a dichotomous variable, the trends remained statistically
7

significant for POF, ICU stay >7 days, and in-hospital mortality.
When patients were stratified according to NLR quartiles, there
was a statistically significant stepwise increase in the incidence of
the 3 outcomes. After multivariate adjustment, the P values for
trends across quartiles remained statistically significant.
Several limitations are evident in our study. First, as a

retrospective study, we did not have sufficient power to assess the
overall mortality rate. In our study, the in-hospital mortality was
relatively lower. The causality role of admission NLR in the
mortality of AP, however, requires to be investigated further in a
prospective validation study. Second, our study population was
captured at a tertiary care center. This is reflected by the high
proportion of patients with POF. This selection bias would
overestimate the risk of higher NLR for the outcomes. Besides,
the retrospective collected data did not allow us to evaluate
follow-up information such as the incidence of infected
pancreatic necrosis, a major cause of mortality in the late phase
of AP. In addition, we examined one-time measurement of
clinical data and single measurement could lead to the
misclassification of exposure, confounders, disease severity,
and outcomes. Finally, patients included in our study were all
Asian Chinese. As race and ethnicity may affect variance in the
distribution of differential leukocyte, the results may not be
generalized in other racial population.
There are also several strengths of the present study. First, to

the best of our knowledge, this is the 1st detailed study of the
impact of NLR on incidence of POF, longer ICU stay, and in-
hospital mortality. Second, we evaluated a large population of AP
patients with sufficient available data, including various clinical
outcomes from a single institution. Third, we only include
patients who admitted to our center within 72hours from AP
symptom onset and without any medical treatment. It is possible
that the use of medication may rapidly influence the distribution
of peripheral leukocytes.
In conclusion, our study demonstrates for the first time that

increased NLR determined upon admission is associated with
incidence of POF, ICU stay >7 days, and in-hospital mortality in
an Asian Chinese population with AP. We suggest that
prospective research is needed to clarify the potential mechanisms
of these associations.
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