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Background: Neutrophil-lymphocyte ratio (NLR) is related to increased mortality risk in many diseases. However, there is lim-
ited research on critically ill patients with chronic obstructive pulmonary disease (COPD). A retrospective co-
hort study was performed to investigate whether NLR can be used as a biomarker to predict the mortality of
critically ill COPD patients.

Material/Methods: In the research, the data were gathered from the database of the Medical Information Mart for Intensive Care-
IV. The 28-day mortality was defined as the primary outcome, while the secondary outcomes were in-hospital
and 90-day mortality. Through the application of the Kaplan-Meier curves and the multivariate Cox regression
analysis, the potential association between NLR and mortality for critically ill patients with COPD was evaluat-
ed. For subgroup analysis, age, sex, ethnicity, mean blood pressure, and comorbidities were considered.

Results: We extracted data on 2650 patients, of which 53.7% were male. A higher level of NLR was correlated with higher
28-day mortality risk. Compared to the lower quartile (NLR<4.56), HR (95% Cl) of the upper quartile (NLR>16.86)
was 1.75 (1.21-2.52) in the multivariate Cox regression model when adjusted for confounders (P=0.003). A
similar tendency was found in the 90-day mortality (HR=1.59, 95% Cl=1.16-2.19, P=0.004) and the in-hospital
mortality (HR=1.71, 95% Cl=1.22-2.42, P=0.002). Subgroup analyses showed that the correlation between NLR
and 28-day mortality was stable.

Conclusions: The higher level of NLR is likely to be correlated with the increase of the all-cause mortality risk in critically ill
patients with COPD, but this needs to be validated in future prospective research.
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Background

Chronic obstructive pulmonary disease (COPD) is a lung disease
with persistent respiratory symptoms and airflow restriction; it
is preventable, common, and treatable [1]. Many epidemiological
studies and the Burden of Obstructive Lung Diseases show that
a total of 391.9 million cases of COPD were found among indi-
viduals aged 30-79 years in 2019, with a worldwide prevalence
of 10.3% (95% Cl=8.2-12.8) [2]. The World Health Organization
has reported that COPD is currently among the 3 major causes
of death globally, causing around 3 million deaths each year, and
also has substantial social and economic costs worldwide [3]. In
the United States, it is estimated that the 20-year (2019-2038)
direct medical cost for COPD is $800.9 billion [4]. In the coming
decades, the COPD burden is expected to rise greatly all over
the world due to the aging population in wealthy countries and
the rising prevalence of smoking in developing countries [5].

It is well-known that inflammation plays an important role in
the progression of COPD [6,7], and several biomarkers, includ-
ing Interleukin-6 (IL-6) [8,9], C-reactive protein (CRP) [10,11], and
Procalcitonin (PCT) [12], have been reported to be related to in-
creased mortality in patients with COPD. However, high costs
and technical issues prevent the clinical use of these inflam-
mation biomarkers [13]. Neutrophil-lymphocyte ratio (NLR) is
a cost-effective and rapid index that is easily obtained in clini-
cal practice from routine laboratory tests [14]. Over the last 10
years, more studies have reported that NLR may be a new mark-
er of systemic inflammation to assess the prognosis of many
diseases, including acute coronary syndrome [15], stroke [16],
inflammatory bowel disease [17], sepsis [18], and neoplastic dis-
ease [19]. Furthermore, a meta-analysis found that NLR levels
had a good predictive value for disease severity and mortality
among COVID-19 patients [20]. Recently, it was shown that NLR
has is associated with COPD exacerbation and severity [21-24].
However, the sample size used in earlier research was limited,
and most studies focused on the association between NLR and
prognosis in the acute exacerbation of patients with COPD, and
few studies that have focused on critically ill COPD patients.

In view of this, the present research aimed to analyze the re-
lationship between NLR and mortality in critically ill COPD pa-
tients using the MIMIC-IV database. Our research hypothesis
was that higher NLR is associated with higher mortality risk
of critically ill COPD patients.

Material and Methods

Data source

All data were extracted from the Medical Information Mart for
Intensive Care Database IV, which is considered the largest
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open-source and freely accessible clinical database in criti-
cal care. Based on the electronic medical records of patients
hospitalized in the intensive care units (ICUs) of Beth Israel
Deaconess Medical Center, the MIMIC database involves data
on basic demographics, laboratory results, ICU monitoring re-
cords, and therapy prescriptions. The latest version of MIMIC-
IV was available on the official website of Physionet (https://
physionet.org/content/mimiciv/2.2/) [25,26], which contains
approximately 250 000 electronic hospitalization records from
2008 to 2019. Shujie Hao completed the data research train-
ing program of the Collaborative Institutional Training Initiative
(record ID 50152135) and gained access to the database. This
database use was approved by the Institutional Review Boards
of the Massachusetts Institute of Technology (Cambridge, MA)
and the Beth Israel Deaconess Medical Center (Boston, MA).
All patient identification data were recorded, and all person-
ally identifiable information was concealed.

Population Selection Criteria

All critically ill patients with COPD as the primary diagno-
sis were enrolled using the Tenth Revision of International
Classification of Diseases (ICD-10) in the MIMIC-IV database.
Only the first ICU admission was taken into account when a
patient had multiple ICU admissions. Patients were excluded
if: (1) their ICU stay was less than 24 h, (2) their NLR data were
incomplete or unavailable within 24 h after ICU admission, or
(3) their record had more than 20% missing individual data.

Data Extraction

PostgreSQL and a structured query language were used to ex-
tract data [27]. The baseline characteristics, including clinical
severity scales, laboratory parameters, clinical parameters, and
demographic parameters, were all collected 1 day after admis-
sion to the ICU. Demographic parameters were race, sex, and
age. Clinical parameters were respiratory rate, heart rate, tem-
perature, mean blood pressure (MBP), diastolic blood pressure
(DBP), systolic blood pressure (SBP), percutaneous oxygen sat-
uration (SPO,), and multiple comorbidities. Laboratory param-
eters were blood urea nitrogen (BUN), white blood cell (WBC)
count, serum lactate, platelet count, hemoglobin, anion gap,
hematocrit, serum bicarbonate, serum sodium, serum chloride,
serum glucose, serum creatinine, serum potassium, neutrophil
count, and lymphocyte count. The scoring systems included
the Simplified Acute Physiology Score Il (SAPS I1) [28] and the
Sequential Organ Failure Assessment (SOFA) [29].

The primary outcome in this study was 28-day mortality, with
90-day mortality and in-hospital mortality as secondary out-
comes. NLR referred to the ratio of neutrophil count to lym-
phocyte count.
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Statistical Analysis

Patients were classified into quartiles according to NLR levels.
Categorical variables were expressed as frequency (percent-
age), and continuous variables as mean+standard deviation.
Different NLR quartile groups were compared by the Kruskal-
Wallis test (non-normal distribution), one-way variance analy-
sis (normal distribution), and chi-square test (categorical vari-
ables). The Kaplan-Meier (KM) survival analysis and the Cox
proportional hazard regression model were used to determine
the relationship between different categories of NLR and mor-
tality. Three models were created: Model |, which was unadjust-
ed; Model II, where covariates were adjusted for race, age, and
sex; and Model Ill, which was further adjusted for model Il plus
some additional variables (P<0.1) by use of univariate analysis
or changes within an effect estimate of more than 10% (MBP,
temperature, heart rate, respiratory rate, platelet, WBC, SPO,,
BUN, creatinine, potassium, lactate, glucose, anion gap, chlo-
ride, bicarbonate, SOFA, SAPS II, diabetes, liver disease, hyper-
tension, renal disease, and malignant cancer). Subgroup anal-
ysis and interaction rested with sex, age (<75 and >75), race,
MBP (<75 and >75 mmHg), malignant cancer, liver disease, renal
disease, congestive heart failure, diabetes, and hypertension.

In this study, multiple multivariate imputations were used to
impute missing values for continuous variables. The statisti-
cal software packages R 3.3.2 and free statistical software ver-
sion 1.6 were used for statistical analysis. All of the tests were
two-sided, and the statistical significance was set at P<0.05.

Results

Baseline Characteristics of the Included Participants

A total of 2650 subjects were selected who fulfilled the inclu-
sion criteria from the MIMIC-IV database in this study (Figure 1).
Table 1 shows the detailed characteristics across NLR quar-
tiles. Most patients (71.3%) were White. The patients had an
average age of 71.8411.4 years, and 53.7% were male. The
overall mean NLR was 14.6+19.6. Participants in the highest
NLR quartile group tended to be old and White, and to have
a history of malignant cancer, congestive heart failure, or re-
nal disease. As the NLR increased, heart rate, respiratory rate,
platelet count, WBC count, anion gap, creatinine, glucose, and
BUN levels increased, whereas SPO,, chloride, and sodium lev-
els decreased. Additionally, patients with higher NLR had high-
er SAPS and SOFA scores.

Relationship Between NLR and Mortality

Of the 2650 critically ill COPD patients enrolled, 28-day mortal-
ity was 14.1%, while 90-day mortality and in-hospital mortality

DATABASE ANALYSIS

Total subjects admission in MIMIC-IV
database (255 106)

!

Adult patients diagnosed with COPD
(14743)

!

Patients with ICU admission of the first
hospitalization Patients exclude (2066)
l—» - Missing data >20% (191)
« Without 24 h NLR records (1875)
Total patients included in analyses
(2650)

Figure 1. Flow chart of the population included in the study.
MIMIC-IV — Medical Information Mart for Intensive
Care-1V; COPD - chronic obstructive pulmonary
disease; ICU — Intensive Care Unit; NLR — neutrophil-
lymphocyte ratio.

were 17.1% and 15.2%, respectively. Kaplan-Meier survival
curves showed significant differences in survival probability be-
tween groups. In addition, the survival probability was consis-
tently observed to be markedly lower in the highest NLR quar-
tile group (P<0.0001) (Figure 2). The independent effect of NLR
on all-cause mortality in critically ill patients with COPD was
decided through a further construction of the 3 different Cox
regression models, as shown in Table 2. With the increase of
NLR, HR value showed an upward trend in all 3 models. After
controlling for potential confounders in Cox regression anal-
ysis, patients in the upper quartile group (NLR>16.86) saw a
significantly higher risk of 28-day (HR=1.75, 95% Cl=1.21-2.52,
P=0.003), in-hospital (HR=1.71, 95% Cl=1.22-2.42, P=0.002),
and 90-day (HR=1.59, 95% Cl=1.16-2.19, P=0.004) mortality
than patients in the lower quartile group (NLR<4.56).

Results of Subgroup Analysis

The potential clinical heterogeneity was analyzed using inter-
action and stratified analyses. The NLR and all-cause mortali-
ty correlation was evaluated in different subgroups (Table 3).
In the subgroup analysis of 28-day mortality, stratified and in-
teraction analyses were not found in sex, age (<75 and >75),
race, MBP (<75 and >75 mmHg), malignant cancer, liver dis-
ease, renal disease, congestive heart failure, diabetes, and
hypertension.

In the subgroup analysis of in-hospital mortality, women with
COPD (second quartile: HR=2.32, 95% Cl=1.28, 4.22; third quar-
tile: HR=2.07, 95% Cl=1.15, 3.73; upper quartile: HR=2.78, 95%
Cl=1.57, 4.91; P=0.045), and patients with MBP >75 mmHg
(second quartile: HR=2.56, 95% Cl=1.41, 4.66; third quartile:
HR=3.61, 95% Cl=1.99, 6.54; upper quartile: HR=3.55, 95%
Cl=1.93, 6.55; P=0.045) had a higher mortality risk. COPD
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Table 1. Baseline characteristics of the study population.

Neutrophil-lymphocyte ratio

Characteristics

Number 2650 663 662 662 663

NR O 1aex96  29:11 63:11 120125 372883 <0001
CAgeyer 718:114 7054115 715:114 7214114 7304110 0001
CGendern () 0537
"""" Female 127 (63)  308(@6s5)  308(465) 292 (441) 31981
"""" Male  143(37)  355(s35)  354(s35)  370(s59) 344 (19)
CRacen®) o oo
"""" white  1889(713)  452(682) 467 (705)  480(25) 490 (139
"""" Nonwhite  433(63) 15737 112069 9137  73a)
"""" Unknown 3280124  se@) 830125 91137  100051)

SBP, mmHg 116.8+16.1 117.1+15.2 118.8+17.0 116.1+16.9 114.9+14.9 <0.001
"""" DBP,mmMg  632£109  635:112  639:lll 6274106 6284104 0123
"""" MBP,mmHg 7794106 7848106 7914110 774105 769¢102 <0001
”””” Heartrate,beats/min  860£156  829:142 8448153 8704152 8964167 <0001
”””” Respiratory rate, beats/min 202437 194:33  199s36 20438 210838 <0001
 TemperatureC 368504 368104 368104 369104 369105 0001
”””” SPO,%  959s29 962432 961423 957427 955831 <0001

Hematocrit, % 32.446.5 32.7+6.3 32.3+6.8 32.4+6.5 32.2+6.5 0.539
"""" Hemoglobing/dl 10321 104820 102822 10322  101e21 0109
"""" Platelet count, 101 208261042  190.6:983 20548947 216641069 220341135 <0001
"""" WBCcount, 101 133:103 1108152 11873 135563 167490 <0001
 Aongap,mmol/l 15341 144536 149839  156+42 164445 <0001
"""" Bicarbonate, mmoll 239453 241s47 245855 236453 234457 <0001
"""" Chloride, mmol/l 1009465 1023861 1009468 100865 999¢64 <0001
"""" Sodiummmoll 1382852 1387347 1382451 1380152 137855 0012
"""" Potassium, mmoll 45807 45:07 45807 45107 45107 0987
"""" Creatinine, mmoVl  15s14 14813 15413 16115 L7413 <0001
"""" lactate, mmolll  24¥16 24814 23814 24817 25418 0479
"""" Glucose,mg/dl 14758501 14113486 14241456 15043494 15608548 <0001
"""" BUN.mg/dL 3108238 261:206  300s243 3162231 365458 <0001
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Table 1 continued. Baseline characteristics of the study population.

Characteristics

All patients

DATABASE ANALYSIS

Neutrophil-lymphocyte ratio

Comorbidities, n (%)

Congestive heart failure 1401 (52.9) 298 (44.9)
© Malignantcancer 393 (148) 770116
 Renaldisease 847 (320) 186 (28.1)
 lverdisease 327 (123)  82(124)
 Hypertension 841(317) 228 (344)
© Diabetes  1024(386) 268 (404)
CDeathn®
”””” 2wday 374041  45(68)
”””” nhospital 402152  51(7)
”””” o0day  453(171)  63(95)
Cscoresystems
”””” soFA 58139 52835
”””” sAPsIl 3001130 3778127

377 (56.9) 351 (53) 375 (56.6) <0.001
"""" 80(121) 107162  129(195) <0001
""" 06 BLY)  216(326) 23936 0018
"""" 80(121) 740112  91(137) 0564
""" 207613 207313  19(0) 0363
""" %9 (406)  258(39) 229345 0081
"""" 7016 103056 14925 <0001
"""" 81122  109(165) 16143 <0001
"""" 87(13.1) 126019 177267 <0001
""" 54836 59440 66sA1 <0001
379:114 4081133 4334138 <0001

NLR — neutrophil-lymphocyte ratio; SBP — systolic blood pressure; DBP — diastolic blood pressure; MBP — mean blood pressure;

SPO, — percutaneous oxygen saturation; WBC — white blood cell; BUN — blood urea nitrogen; SOFA — Sequential Organ Failure
Assessment; SAPS Il — Simplified Acute Physiology Score II. Continuous variables are presented as means (SDs) or medians (quartiles),
while categorical variables are presented as absolute numbers (percentages).

patients with liver disease (second quartile: HR=1.22, 95%
C1=0.52, 2.83; third quartile: HR=1.47, 95% Cl=0.64, 3.39; up-
per quartile: HR=1.15, 95% Cl=0.5, 2.64; P=0.029) had a low-
er risk of mortality.

Similar findings were found in patients with 90-day mortali-
ty of MBP >75 mmHg (second quartile: HR=2.07, 95% Cl=1.2,
3.58; third quartile: HR=3.17, 95% CI=1.86, 5.41; upper quar-
tile: HR=3.12, 95% Cl=1.79, 5.42; P=0.027) and patients with
liver disease (second quartile: HR=0.98, 95% Cl=0.44, 2.18;
third quartile: HR=1.24, 95% CI=0.57, 2.69; upper quartile:
HR=0.98, 95% Cl=0.45, 2.14; P=0.021). COPD patients with
hypertension (second quartile: HR=3.4, 95% Cl=1.44, 8.04;
third quartile: HR=2.84, 95% CI=1.18, 6.85; upper quartile:
HR=4.81, 95% Cl=2.06, 11.2; P=0.019) had a higher 90-day
mortality risk. There was no statistically significant correla-
tion in the other subgroups.

Discussion

This research explored the NLR and mortality correlation in
COPD patients admitted to the ICU. The main finding is that

higher NLR values have an independent relationship with an
increased risk of 28-day, in-hospital, and 90-day mortality af-
ter controlling for important covariates.

NLR is a combination of lymphocyte and neutrophil counts that
can predict the prognosis of patients. In recent years, NLR, as
an emerging indicator of systemic inflammation, has been ap-
plied in COPD patients. Teng et al [22] discovered that the in-
creased NLR is an independent risk factor for 28-day mortality
(OR=1.067; 95% Cl=1.039-1.095), ICU occupancy (OR=1.046;
95% Cl=1.023-1.068), and invasive mechanical ventilation
(OR=1.042; 95% CI=1.019-1.066) in a retrospective study of
698 patients with acute COPD exacerbation. In a 10-year pro-
spective study of 386 patients with moderate to severe COPD,
it was found that NLR was associated with long-term mortal-
ity in COPD patients (HR=1.090, 95% CI=1.036, 1.148) [30].
Emami et al [31] indicated that the mortality rate of patients
with NLR>6.9 is higher than those with NLR<6.9. There was
an independent association between NLR and in-hospital mor-
tality among patients with acute exacerbation of COPD. Our
results agree with prior research findings in terms of the re-
lationship between NLR and mortality among COPD patients.
However, the sample size of previous studies was limited and
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Figure 2. Kaplan-Meier survival curves showing the association between NLR and all-cause mortality. Image software: R 3.3.2,
MathSoft. (A) 28-day mortality; (B) In-hospital mortality; (C) 90-day mortality.

potential confounders were not controlled for. Furthermore,
they focused on the NLR and mortality correlation within the
acute exacerbation of COPD patients.

The inflammatory process of COPD can be used to show the
correlation between NLR and mortality. It has long been rec-
ognized that airway and systemic inflammation in COPD are
related to disease progression, exacerbation, and mortality
[32,33]. Neutrophils play a significant role in airway inflam-
mation [34]. Several previous studies [35,36] have discovered

that lung inflammation is maintained after smoking cessation
and may progressively increase over time, indicating that neu-
trophil recruitment and activation could be caused by the con-
tinuous inflammatory response in the lungs [37]. When acti-
vated, human neutrophil lipocalin, myeloperoxidase (MPO),
matrix metalloproteinase MMP-8 and MMP-9, cathepsin G,
proteinase-3, and neutrophil elastase were released, contrib-
uting to the development and progression of COPD and em-
physema [38]. Additionally, systemic inflammatory reactions
are common in critically ill patients. Previous findings indicated
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Table 2. HRs (95% Cls) for mortality across groups of neutrophil-lymphocyte ratio.

Model 1l Model Il

P value P trend

HR (95% Cl)

Pvalue Ptrend HR(95%Cl) Pvalue Ptrend HR (95% Cl)

28-day mortality

Quartiles <0.001 <0.001 0.003
Q1 1 (Ref) 1 (Ref) 1 (Ref)
1.48 141 14
Q2 (1.02~2.14) 9% (0.98~2.04) 0068 (0.95~2.04) 008
1.94 18 1.51
3 (1.37-276) <0001 (1.27-257) 2001 (1.04-218) 0028
2.79 2.62 1.75
Q4 (2~3.9) <0.001 (1.87-367) <0001 (121~252) 0003
In-hospital mortality
Quartiles <0.001 <0.001 0.002
Q1 1 (Ref) 1 (Ref) 1 (Ref)
1.44 1.36 136
2 04 ] 094
Q (1.02-205 20 (0.96-1.94) 008 (0.95-1.96) %
187 1.72 1.49
Q3 (1.34-261) <0001 (1.23-241) 0001 (1.05~211) <0001
2.69 25 1.71
Q4 (1.96~369) <0001 (1.82~343) <0001 (122-242) 0002
90-day mortality
Quartiles <0.001 <0.001 0.002
Q1 1 (Ref) 1 (Ref) 1 (Ref)
1.23 117 1.19
2 : . .
Q ©089-17)  °O21° (©084-162) O (085-167) 0302
17 1.57 1.42
3 (1.26-231) 001 (1.16-2.14) <0001 (1.03~195) <0001
2.36 2.19 1.59
Q4 (1.77~315) <0001 (1.64-293) <0001 (116~2.19) 0004

HR — hazard ratio; Cl — confidence interval. Models were derived from Cox regression models. Model I: non-adjusted. Model Il adjusted
for: age; sex; race. Model Il adjusted for: age; sex; race; diabetes; hypertension; liver disease; renal disease; malignant cancer;
platelets; WBC; anion gap; bicarbonate; BUN; chloride; creatinine; potassium; lactate; heart rate; mbp; respiratory rate; temperature;
spo2; glucose; sofa; sapsii.

that lymphopenia was related to high mortality rates in indi-
viduals with systemic inflammatory response syndrome, and
lymphopenia could perpetuate harmful inflammation [39,40].
Lymphocyte count was negatively proportional to inflammation,
and neutrophil count increased with the systemic inflammatory
response, causing a higher NLR. Taken together, the level of
NLR simultaneously provides information about 2 different im-
mune pathways, indicating that the overall inflammatory state
of the body has a higher predictive value of risk than alone [41],
suggesting that the increase of NLR may be a crucial marker
for monitoring the clinical prognosis of COPD.

In our subgroup analyses, taking 28-day mortality as an exam-
ple, there were consistent findings within different subgroups
by age (<75 and >75), sex, race, MBP (<75 and >75 mmHg), and
COPD comorbidities, including malignancy, liver disease, renal
disease, congestive heart failure, hypertension, and diabetes.
However, critically ill COPD patients with MBP>75 mmHg had
a higher risk of 90-day and in-hospital mortality, and critically
ill COPD patients with hypertension had a higher risk of 90-day
mortality. The association between NLR and hypertension has
been widely studied, and NLR is considered to be a reliable hy-
pertension predictor [42-44]. Sun et al [45] found that a higher

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Hao S. et al:

DATA BAS E A N A LYS I S Neutrophil-lymphocyte ratio and all-cause mortality

© Med Sci Monit, 2023; 29: €938554

Table 3. Subgroup analysis of the associations between mortality and the neutrophil-lymphocyte ratio.

NLR of 28-day mortality
Characteristic
HR(95%Cl)  HR (95% Cl) HR (95% Cl) HR (95% Cl) interaction
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Table 3 continued. Subgroup analysis of the associations between mortality and the neutrophil-lymphocyte ratio.

Characteristic
HR(95%Cl)  HR (95% Cl) HR (95% Cl) HR (95% CI) interaction
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Table 3 continued. Subgroup analysis of the associations between mortality and the neutrophil-lymphocyte ratio.

NLR of 90-day mortality
Characteristic
HR (95% Cl)  HR (95% Cl) HR (95% Cl) HR (95% Cl) interaction

No 2323 1 (Ref) 146 (1.01~2.12) 175 (1.23~2.49)  2.14 (1.51~3.03)

HRs were adjusted for age; sex; race; diabetes; hypertension; liver disease; renal disease; malignant cancer; platelets; WBC; anion gap;
bicarbonate; BUN; chloride; creatinine; potassium; lactate; heart rate; mbp; respiratory rate; temperature; spo2; glucose; sofa; sapsii.
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quartile of NLR is an independent predictor of all-cause 3-month
mortality in patients with hypertension who are more than 80
years old (RR=16.451, 95% Cl=2.137, 66.643). Several studies
have shown that higher NLR is associated with a worse prog-
nosis of hypertension [46-49], but this needs to be further con-
firmed. Interestingly, this study showed that COPD patients with
a history of liver disease had a lower risk of in-hospital and 90-
day mortality, with a higher NLR. However, the sample size of
participants in the study was quite limited. A previous system-
atic review [50] found that NLR was a predictor for prognosis
of patients with cirrhosis, but was not significantly associated
with liver fibrosis in patients with chronic hepatitis C infection.
Therefore, the potential mechanism underlying the association
the outcome of COPD and these factors needs further research.

There are several limitations to the present study. Firstly, it
was a retrospective and observational study, and causal in-
ferences cannot be made. Secondly, there are still some un-
measured variables influencing results after adjusting for con-
founders as much as possible. This is because the MIMIC-IV
databases do not record all of the variables, such as income,
place of residence, insurance status, and educational attain-
ment, which are likely to be relevant to mortality. Thirdly, at-
tention was paid to the NLR value obtained within 24 h after
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ICU admission, but the impact of NLR changes on outcomes
during the ICU stay is unknown. Finally, although this study had
a relatively large sample size, multicenter prospective studies
are needed to verify these findings in the future.

Conclusions

High NLR is associated with a higher risk of 28-day, in-hos-
pital, and 90-day mortality in COPD patients admitted to the
ICU. The level of NLR is likely to reliably predict the mortality
risk in critically ill COPD patients, but this needs to be consid-
ered and confirmed in future prospective research.
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