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Elevated neutrophil to lymphocyte ratio predicts
mortality in medical inpatients with multiple

chronic conditions
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Abstract N\
Neutrophil to lymphocyte ratio (NLR) is an easy measurable laboratory marker used to evaluate systemic inflammation. Elevated NLR |
is associated with poor survival and increased morbidity in cancer and cardiovascular disease. However, the usefulness of NLR to
predict morbidity and mortality in a hospital setting for patients with multiple chronic conditions has not been previously examined. In
this study, we investigate the association between NLR and mortality in multimorbid medical inpatients. Two hundred thirty medical
in-patients with chronic conditions were selected from a single academic medical center in Taiwan. Retrospective NLRs were
calculated from routine full blood counts previously obtained during the initial hospital admission and at the time of discharge. Self-
rated health (using a single-item question), medical disorders, depressive symptoms, and medical service utilization over a 1-year
period were included in the analyses. Mortality outcomes were ascertained by reviewing electronic medical records and follow-up.
The mortality rate at 2-year follow-up was 23%. Depression (odds ratio [OR] 1.9 [95% CI 1.0-3.7]), poor self-rated health (OR 2.1
[95% ClI 1.1-3.9]), being hospitalized 2 or more times in the previous year (OR 2.3 [95% Cl 1.2—4.6]), metastatic cancer (OR 4.7 [95%
Cl 2.3-9.7]), and chronic liver disease (OR 4.3 [95% Cl 1.5-12.1]) were associated with 2-year mortality. The median (interquartile
range) NLR at admission and discharge were 4.47 (2.4-8.7) and 3.65 (2.1-6.5), respectively. Two-year mortality rates were higher in
patients with an elevated NLR at admission (NLR <3=15.5%, NLR >3=27.6%) and discharge (NLR<3=14.7%, NLR >3=
29.1%). Multivariate logistic regression demonstrated that an elevated NLR >3.0 at admission (OR 2.3 [95% CI 1.0-5.2]) and
discharge (OR 2.3 [95% CI 1.1-5.0]) were associated with mortality independent of baseline age, sex, education, metastatic cancer,
liver disease, depression, and previous hospitalization. Increased NLR is associated with mortality among medical inpatients with
multiple chronic conditions. NLR may provide added value to predict both risk of mortality for the inpatients with chronic conditions, in
addition to allowing predictions of likely hospital service needs such as re-admissions that are associated with long-term mortality.

Abbreviations: CCl = Charlson comorbidity index, LTE-Q = Life-threatening Event Questionnaire, NLR = neutrophil to

1. Introduction

Serious chronic disease often requires patients to be hospitalized.
Outcomes in chronic disease leading to death are often associated
with poor self-rated health and variable increases in hospital
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transitions and differential health care costs. For this reason,
there is interest in finding and using novel biomarkers that may
better predict or identify in-hospital patients that are likely to use
future hospital services more frequently./"*!

Death has been considered as a surrogate outcome measure for
modeling end of life chronic disease hospital utilization."!
However, death while investigatory may not always be useful,
particularly if proceeding and predictive factors have not been
captured.®! Approximately, a quarter of lifetime health care are
consumed in the last year of life yet it is still very difficult to model
associated increased health care utilization in at-risk patients.!!
Death may be associated with any number of preceding factors
such as poorer self-rated health, depression, and increased
hospital utilization over a defined period of time. Chronic
inflammation is a well-accepted biomarker that intersects and
influences both psychological well-being and health-seeking
behaviors.I**! The role of inflammation has not been well
characterized as a predictor for all-cause mortality during
longitudinal tracking of mixed cohorts of chronic disease
patients who have been postdischarged from hospital.

Simple measures to assess inflammation are available such as
the neutrophil to lymphocyte ratio (NLR), a white cell count
differential routinely reported on full blood counts. In addition,
because the NLR is derived from full blood counts, it is amenable
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to both prospective and retrospective studies. Elevated NLR is
associated with poor survival and increased morbidity in cancer,
critical care, and cardiovascular disease.'*®! However, NLR has
not been evaluated with respect to being an independent
predictor for mortality when contrasting health service utilization
for chronic disease cohorts. Our aims are to determine the
usefulness of NLR to predict mortality for patients with multiple
chronic conditions in a hospital setting. Secondary aims are to
assess if NLR is an independent predictor of mortality when
contrasted with self-rated health (SRH), depression, medical
service use, and chronic conditions.

2. Methods

2.1. Study context and procedures

This prospective study was conducted in a university-affiliated
medical center. Consecutive medical inpatients with various
physical chronic illnesses admitted through the emergency
department were recruited to the study between November
2012 and 2013 in northern Taiwan. All-cause mortality was
recorded after 2 years follow-up. The ethical approval was
acquired from the study hospital (reference number:
201112091RIC).

Exclusion criteria included patients with moderate to severe
cognitive dysfunction assessed by the Short Portable Mental State
Questionnaire adjusted for level of education, for example, at
most 3 item errors for those with education years at least 12 was
classified as mild cognitive impairment.''” This is a hypothesis
generating substudy of a previous study,!'"! and therefore for
consistency some methods are repeated and cited where
appropriate.

3. Measurements

3.1. Blood sample analyses

Routine blood tests were carried out during the initial hospital
admission and discharge. Discharge was defined as treatment
accomplishment in the index admission. Leukocyte, neutrophil,
lymphocyte, monocyte counts were derived from clinical records.
All counts were derived from the same hospital clinical
biochemistry department. NLR was calculated as the ratio of
neutrophils to lymphocytes, and both obtained from the same
blood sample. The cutoffs of NLR values were set at 3 to define
different levels of the ratio based on the tertiles of the total scores
in the sample. An NLR >3 was shown to have significant
prognostic effect in cancer patients.!'>!3!

3.2. Chronic medical conditions

The primary admitting diagnosis and secondary chronic
conditions were obtained from the patients’ electronic medical
records."™ The Charlson comorbidity index '*! was used to
assess comorbidities. We recorded each medical illness encom-
passing cancer and major organ systems including brain, heart,
liver, kidney, and the blood system.

3.3. Depressive symptoms

Severity of depressive symptoms assessed using The Patient
Health Questionnaire-9 (PHQ-9)." The Chinese version of the
PHQ-9 is validated and has shown good reliability in hospital
and primary care patients in Taiwan.!™!
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3.4. Threatening life events

The variable refers to significant life events over the last 12
months that could be classified as stressful or life-threatening
using the Life-threatening Event Questionnaire.!'1¢!

3.5. Lifetime suicide ideation

Patients’ lifetime suicide ideation was assessed as an indicator of
suicide risk.!""! Other risk factors of suicide such as excessive
ethanol or drug use, rational thinking loss, poor social support
were assessed based on a brief rating scale, the Chinese SAD
PERSONS Scale.!'”)

3.6. Self-rated health

The participants were asked about their general health conditions
via a single question''": “In general terms, how would you
describe your overall health status: very good, good, fair, poor, or
very poor?"

3.7. Medical utilization

The frequency of medical service utilization was recorded as the
number of visits to medical out-patient services, emergency
services, and hospitalization services in the past 12 months.!"!!

3.8. Mortality

The clinical endpoint was all-cause mortality. Mortality
ascertained by reviewing hospital electronic medical records or
during telephone follow-up.

3.9. Data analysis

Univariate and bivariate analyses were conducted before
multivariate analyses. Chi-squared tests and odds ratios (ORs)
with their 95% confidence intervals (Cls) were used to assess
associations between independent variables and mortality.
Multivariate logistic regression was applied to investigate the
independent effect of NLR on mortality after adjustment of
factors that showed an association with mortality. Separate
analyses were conducted for NLR at admission and discharge.
The models were adjusted for age, sex, education, metastatic
cancer, liver disease, SRH, frequent use of outpatient department
in the previous year and hospitalized in the previous year. All
statistical analyses were performed using the SPSS v21, and
statistical significance was defined at a value of P <0.05.

4. Results

The mean (SD) age of our sample was 62.6 (16.1) years and
women constituted 46.5%. The baseline demographic factors
and blood count values are reported in Table 1. The median
(IQR) values of neutrophil, lymphocyte, and NLR were 5.73
(3.3-9.1), 1.12 (0.7-2.3), and 4.47 (2.4-8.7), respectively, at
admission. At discharge, the median neutrophil count was 4.71
(2.9-6.9), median lymphocyte count was 1.24 (0.8-1.7), and
NLR was 3.65 (2.1-6.5). The mortality rate was 23 %, with 53 of
230 patients who died during the 2-year follow-up period.
Table 2 explains the association between various study
variables and mortality. Men were at a higher risk of mortality
at 2 years (OR 1.9 [95% CI 1.0-3.7]). Presence of depression
(OR 1.9 [95% CI 1.0-3.7]) and poor SRH (OR 2.1 [95% CI
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Characteristics and whole blood count at admission of study
participants

Characteristics
Age, mean=+SD 62.6+16.0
Gender, n (%)
Female 107 (46.5)
Male 123 (53.5)
Years of education, mean +SD 9.6+538
Marital status, n (%)
Single 27 (11.7)
Married 142 (61.7)
Divorced/separated 26 (11.3)
Widowed 35 (15.2)
Living alone, n (%)
No 212 (92.2)
Yes 18 (7.8)

Blood count (admission)

WBC count (10e9/), median (IQR) 7.83 (5.2-11.4)

Neutrophil count (10e9/1), median (IQR) 5.73 (3.3-9.1)
Lymphocyte count (10e9/l), median (IQR) 1.12 (0.7-2.3)
NLR, median (IQR) 4.47 (2.4-8.7)
Blood count (discharge)
WBC count (10e9/l), median (IQR) 6.92 (5.0-11.3)
Neutrophil count (10e9/l), median (IQR) 4.71 (2.9-6.9)

(
Lymphocyte count (10e9/l), median (IQR) 1.24 (0.8-1.7)
NLR, median (IQR) 3.65 (2.1-6.5)

IQR, interquartile range; NLR, neutrophil to lymphocyte ratio.

1.1-3.9]) were associated mortality at 2 years. Lifetime suicide
ideation and life-threatening events in the past year were not
associated with mortality at 2 years. A statistically significant
association was observed among frequent hospital admissions
and mortality (OR 2.3 [95% CI 1.2-4.6]). Among medical
conditions, metastatic cancer (OR 4.7 [95% 2.3-9.7]) and
chronic liver disease (OR 4.3 [95% CI 1.5-12.1]) were associated
with mortality at 2 years. Mortality rates were higher for those
with elevated levels of NLR (>3) at admission (OR 2.0 [OR
1.0-4.2]) and discharge (OR 2.4 (95% CI 2.4 (1.2-4.7)). Log-
transformed NLR as a continuous variable had a similar
association with mortality at admission (¢=—1.9, P=0.05)
and discharge (t=-2.9, P=0.004).

We modeled the association between NLR and mortality in
multivariate logistic regression model (Table 3). On separate
analyses, patients with an NLR > 3 at admission (OR 2.3 [95%
CI 1.0-5.2]) and discharge (OR 2.3 [95%CI 1.1-5.0]) were
associated with mortality independent of baseline age, sex,
education, metastatic cancer, liver disease, depression, and
previous hospitalization.

5. Discussion

Our findings show that NLR carries important prognostic
information in chronic non-ICU patients regarding their
mortality outcomes. Data were derived from a mixed chronic
illness cohort. Disease subgroups had similar stages of chronic
disease upon entry into the study. Specifically, we found an
NLR > 3 were associated with increased follow-up mortality at 2
years. Male patients, patients with depression, chronic liver
disease or metastatic cancer, had a higher mortality rate.

For our study population, we observed a median NLR of 5.73
at the time of hospital admission. This suggests that a significant
proportion of patients were ill with high levels of systemic
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Factors associated with mortality at 2-year follow-up

Mortality
n % OR (95% CI) P

Age, y

20-40 5 26.3 1.0 0.83

41-60 17 20.2 0.7 (0.2-2.2)

61-80 22 259 0.9 (0.3-3.0)

>81 9 214 0.8 (0.2-2.7)
Gender

Female 18 16.8 1.0

Male 35 28.5 2.0 (1.0-3.7) 0.04
Blood count
NLR at admission

<3.0 13 15.5 1.0

>3.0 40 27.6 2.0 (1.0-4.2) 0.05
NLR at discharge

<3.0 14 14.7 1.0

>3.0 39 291 2.4 (1.2-4.7) 0.01
Hypertension

No 36 29.0 1.0 0.03

Yes 17 16.0 0.5 (0.2-0.9)
Diabetes

No 44 25.3 1.0

Yes 9 16.1 0.6 (0.6-1.2) 0.20
Liver disease

No 45 209 1.0

Yes 8 53.3 4.3 (1.5-12.1) 0.004
Kidney disease

No 45 245 1.0

Yes 8 17.4 0.6 (0.2-1.4) 0.43
Metastatic cancer

No 33 17.4 1.0

Yes 20 50.0 4.7 (2.3-9.7) 0.001
Psychosocial status
Life-threatening event in the past year

No 30 20.3 1.0

Yes 23 28.0 1.5 (0.8-2.9) 0.19
Lifetime suicide ideation

No 39 239 1.0

Yes 14 20.9 0.8 (0.4-1.7) 0.73
Depression (PHQ>10)

No 31 19.3 1.0

Yes 22 319 1.9 (1.0-3.7) 0.04
Poor SRH

No 18 16.4 1.0

Yes 35 29.2 2.1 (1.1-3.9) 0.02
Frequent use of OPD*

No 30 19.6 1.0

Yes 23 299 1.7 (0.9-3.2) 0.08
Frequent users of ED

No 34 209 1.0

Yes 19 28.4 1.5 (0.8-2.9) 0.22
Frequent users of hospitalization services

No 35 19.4 1.0

Yes 18 36.0 2.3 (1.2-4.6) 0.02

Cl, confidence interval; ED, emergency department; NLR, neutrophil to lymphocyte ratio; OPD,
outpatient department; OR, odds ratio; PHQ, Patient Health Questionnaire; SRH, self-rated health.
* Frequent users were defined as those visited or admitted to the outpatient department, emergency
department, and hospitalization for >14, 2, and 2 times in the past year of recruitment.

inflammation. These NLR levels are lower than (median NLR
8.9) those observed across a large group of ICU patients. In the
ICU study, NLR was measured at the time of admission to ICU.
Higher NLR levels were associated with 28-day mortality in
unselected critically ill patients.'®! There was no attempt to
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Multivariate logistic regression model: NLR, psychological factors, and health service use

Mortality at 2-year follow-up

OR (95% CI) P OR (95% CI) P
NLR >3.0 baseline 2.3 (1.0-5.2) 0.04
NLR >3.0 follow-up 2.3 (1.1-56.0) 0.03
Baseline factors
Age 0(0.7-1.6) 0.67 1.1 (0.7-1.7) 0.57
Gender (male) 1(1.4-6.7) 0.004 2.7 (1.2-5.8) 0.01
Metastatic cancer 1(21-11.9) <0.001 4.9 (21-11.5) <0.001
Chronic liver disease 8 (2.6-29.9) <0.001 9.0 (2.6-30.3) <0.001
Depression (PHQ>10) 2.3 (1.0-4.9 0.03 2.3 (1.0-5.0) 0.03
Poor SRH 9 (0.4-2.1) 0.96 1.1 (0.5-2.49) 0.83
Frequent use of OPD in the previous year* 0 (0.5-2.95) 0.83 1.1 (0.1-2.6) 0.75
Frequent users of hospitalization services 4 (0.9-6.3) 0.07 2.1 (0.8-5.4) 0.1

Cl, confidence interval; NLR, neutrophil to lymphocyte ratio; OPD, outpatient department; OR, odds ratio; PHQ, Patient Health Questionnaire; SRH, self-rated health. Model includes age, sex, education, metastatic
cancer, liver disease, SRH, frequent use of OPD, Outpatient Department in the previous year and hospitalized in the previous year.
*Frequent users were defined as those visited or admitted to the outpatient department, emergency department, and hospitalization for >14, 2, and 2 times in the past year of recruitment.

stratify patients on the basis of admission characteristics other
than sepsis or nonsepsis,!®! we have stratified on the basis of
chronic illness in our study. On the other hand, the patients in our
study had a median NLR of 3.65 at the time of their discharge in
the index hospitalization, suggesting hospital patients were
significantly unwell at the time of discharge with underlying
systemic inflammation. Patients with an NLR>3 (arbitrary
cutoffs) at both admission and discharge had a greater risk for
death later on. In multivariate models, after adjusting for both
depression and medical utilization, NLR remained an indepen-
dent predictor of mortality outcomes.

We found elevated NLR was associated with an increase in
mortality for liver and cancer patients but not hemodialysis,
diabetes, or hypertension patients. In a previous chronic
hemodialysis study, hospitalization was shown to increase in
parallel with increases in progressive NLR levels over 5 years of
retrospective review.['8! Our period of follow-up for hemodi-
alysis patients was a shorter 2-year period. Both diabetes and
hypertension are risk factors for cardiovascular disease that can
also promote systemic inflammation. We did not find any
interaction of diabetes and hypertension on mortality outcomes
(data not shown). In previous studies, NLR’s ability to predict
renal failure was independent of patient’s heart failure and
systolic/diastolic blood pressure status. In addition, not all
chronic conditions are associated with increased NLR levels. In
Asian populations, diabetes and hypertension may be associat-
ed with NLR but not asthma or arthritis when adjusting for
their interactions in multiple comorbidity models.™ In other
studies, NLR is a strong predictor of 3-month mortality in
patients with acute-on-chronic liver failure.*®! An increasing
number of studies demonstrate that changes in NLR are
associated with poor cancer-specific survival.*!! NLR in
precancer surgery has emerged as a strong risk predictor of
mortality in patients with a range of cancer subtypes including
colorectal, gastric, hepatocellular, pancreatic, and lung can-
cer.[?223] Pretreatment NLR is also a strong predictor of longer
term S-year survival outcomes in breast cancer patients./?!!
White cell subpopulations can change in numbers as a response
to inflammation found within tumor microenvironments!**>°!
and/or as a result of psychological stress.?!! It is plausible that
increases in white cell populations may be associated with
concurrent levels of depression and poor rated self-health. The
tumor microenvironment is influenced by both local and

systemic inflammation states.**>*! A cancer diagnosis in many
instances leads to significant psychological distress in up to
75% of cancer cases, and the diagnosis of secondary cancer in
the liver has been reported to further increase patient distress
levels.?"22] However, when these factors were controlled for,
NLR remained a significant prognostic factor for mortality.
Reversible changes in the distribution of peripheral blood
leukocyte subpopulations in the blood provide an important
representation of the state of activation of the immune system
under perceived distress.

Self-coping and disease progression play a central role in health
seeking.®! Factors influencing health-seeking behavior may
include changes in clinician and patient behavior, and/or changes
in severity of underlying disease.”””! In our study, the high median
admission NLR levels would indicate a high level of baseline
severity for underlying disease in some of the chronic hospitalized
patients in our study. Of note, we found that frequency of in-
hospital admissions were a predictor of mortality, whereas
emergency department admissions were not. This finding may
parallel previous studies where planned care alone does not
account for the increases in all-cause ED presentations following
a cardinal chronic health event.!® It would appear that higher
NLR is a strong predictor for both mortality and subsequent
medical utilization. A persistently high NLR at the time of
discharge is likely to be a predictor for increased medical
utilization and mortality risk.
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