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ARTICLE INFO ABSTRACT
Keywords: Purpose: To explore the characteristics of the clinical phenotype of ARDS based on Machine
Acute respiratory distress syndrome Learning.

Machine learning
K-means clustering analysis
Phenotype

Methods: This is a study on Machine Learning. Screened cases of acute respiratory distress syn-
drome (ARDS) in the eICU database collected basic information in the cases and clinical data on
the Day 1, Day 3, and Day 7 after the diagnosis of ARDS, respectively. Using the Calinski-
Harabasz criterion, Gap Statistic, and Silhouette Coefficient, we determine the optimal clus-
tering number k value. By the K-means cluster analysis to derive clinical phenotype, we analyzed
the data collected within the first 24 h. We compared it with the survival of cases under the Berlin
standard classification, and also examined the phenotypic conversion within the first 24 h, on day
3, and on day 7 after the diagnosis of ARDS.

Results: We collected 5054 cases and derived three clinical phenotypes using K-means cluster
analysis. Phenotype-I is characterized by fewer abnormal laboratory indicators, higher oxygen
partial pressure, oxygenation index, APACHE IV score, systolic and diastolic blood pressure, and
lower respiratory rate and heart rate. Phenotype-II is characterized by elevated white blood cell
count, blood glucose, creatinine, temperature, heart rate, and respiratory rate. Phenotype-III is
characterized by elevated age, partial pressure of carbon dioxide, bicarbonate, GCS score, albu-
min. The differences in ICU length of stay and in-hospital mortality were significantly different
between the three phenotypes (P < 0.05), with phenotype I having the lowest in-hospital mor-
tality (10 %) and phenotype II having the highest (31.8 %). To compare the survival analysis of
ARDS patients classified by phenotype and those classified according to Berlin criteria. The results
showed that the differences in survival between phenotypes were statistically significant (P <
0.05) under phenotypic classification.

Conclusions: The clinical classification of ARDS based on K-means clustering analysis is beneficial
for further identifying ARDS patients with different characteristics. Compared to the Berlin
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standard, the new clinical classification of ARDS provides a clearer display of the survival status
of different types of patients, which helps to predict patient prognosis.

1. Introduction

Acute respiratory distress syndrome (ARDS) is an acute respiratory system disease characterized by refractory hypoxemia and non-
cardiogenic pulmonary edema [1]. A study in 2016 revealed that ARDS accounted for 10.4 % of the visits to intensive care units in 50
countries worldwide, and 40 % of patients went undiagnosed. Among the diagnosed ARDS patients, 70 % had moderate-to-severe
symptoms, and severe ARDS patients had a mortality rate of 46 % [2]. In China, the mortality rate of severe ARDS patients is as
high as 60 % [3]. Therefore, acute respiratory distress syndrome remains a major issue in the intensive care unit (ICU) [4].

The Berlin criteria proposed in 2012 remain the main clinical diagnostic criteria and inclusion criteria for experimental studies [5].
In terms of scientific research, many studies on ARDS have shown negative results, including large multicenter randomized controlled
trials (RCTs) [6]. This shows that identifying ARDS patients based on existing Berlin standards may have certain limitations. Therefore,
researchers are attempting to re-examine ARDS from more perspectives and suggest the study of ARDS phenotype accordingly.
Phenotype refers to the detectable or observable similar characteristics exhibited by organisms under the interaction between genes
and the environment [7]. And, experts can further categorize it into corresponding categories based on shared expressions, risk factors,
etc. [8]. For example, pulmonary imaging identifies two categories of ARDS: localized and diffuse [9], which are considered the
imaging phenotype of ARDS. Previously, phenotype research has played a specific role in identifying and treating many diseases, such
as asthma and cancer metabolism [10,11], which also brings hope for the study of ARDS phenotype. The heterogeneous expression of
ARDS in etiology, pathology, clinical manifestations, imaging manifestations, transcription, and gene characteristics [12,13] is a
favorable basis for conducting phenotype research on ARDS. The existing research on the phenotype of ARDS focuses on biological
subtypes, metabolomes, transcriptomics, and genetic subtypes [14-17]. At present, many secondary analyses based on biomarkers
have shown effective new classifications for ARDS, which have led to favorable results in fluid management [18], PEEP titration [19],
and statin therapy [20] for ARDS patients. However, because of the limitations of the clinical use of biomarkers, genes, proteins, etc.,
timely and convenient operations cannot be provided for clinical workers. Therefore, there is an urgent need for phenotype research
related to clinical indicators of ARDS, namely the clinical classification of ARDS.

With the development of scientific research, machine learning is increasingly being applied in healthcare, including predictive
models, diagnostic models, and phenotype analysis [21-24]. We can further divide it into supervised learning, unsupervised learning,
and semi-supervised learning based on the presence or absence of data labels [25]. Compared to supervised learning, unsupervised
learning does not use artificially set data labels, which it mainly identifies potential correlations and structures between
high-dimensional data, divides the dataset into relevant clusters, and simplifies the dataset [26]. At present, unsupervised learning has
been applied to the research of many diseases, such as osteoarthritis [27], chronic obstructive pulmonary disease [28], diabetes [29],
hypertension, etc. K-means clustering analysis [30] is a type of unsupervised learning that is widely used because of its advantages of
ease of use and fast training speed.

Therefore, this study used K-means clustering analysis to perform phenotype typing on clinical data of ARDS patients in large
databases, exploring the reproducibility and stability of typing results, providing ideas for further research on ARDS clinical typing and
data support for clinical applications.

2. Methods
2.1. The database of eICU

The eICU Collaborative Research Database is a multicenter public database developed by Philips Healthcare, covering health data
of patients admitted to ICUs in 335 hospitals in the United States from 2014 to 2015. Researchers recorded over 200,000 medical
records from 139,367 treated patients [31].
2.2. Simplified application and installation of an eICU database

The database application must first complete the human research course and sign the data usage agreement. After obtaining
authorization, download the complete data from the official website of the eICU database and use PostgreSQL for database installation.
2.3. Data extraction

Use Navicat software to input the corresponding extraction code for relevant data extraction. GitHub official website provides some
preprocessing codes, including ICU hospitalization status, laboratory indicators, and ventilator usage, for the convenience of re-

searchers. Patient-unit-stay ID in the table is the primary identifier of the patient, distinguishing them from each hospitalization.
Patient-unit-stay ID jointly identified all tables.



W. Zhang et al. Heliyon 10 (2024) 39198

2.4. Inclusion criteria

1) Diagnosed as "ARDS" or "acute respiratory distress syndrome" or ICD, with a 9 code of "518.82". 2) After being diagnosed with
ARDS, the ICU hospitalization time is > 48 h.

2.5. Exclusion criteria

1) Age <18 years old; 2) Gender deficiency; 3) Oxygenation index (OI=PO,/FiO5) > 300; 4) Patients with missing variable values of
>10 were tested.

2.6. Data collection

1) General information: age, gender, admission time, discharge time. 2) Maximum values: creatinine, blood potassium, white blood
cell count, blood glucose, pH, heart rate, respiratory rate, body temperature. Minimum values: albumin, partial pressure of oxygen,
partial pressure of carbon dioxide, bicarbonate ions, blood sodium, systolic blood pressure, diastolic blood pressure, Glasgow Coma
Scale (GCS), platelet count, oxygenation index, Acute Physiology and Chronic Health Status Scoring System IV (APACHE IV) score.
3) Comorbidities: hypertension, diabetes, chronic obstructive pulmonary disease. 4) Prognosis: in-hospital mortality rate, length of
ICU stays.

2.7. Data processing and analysis

2.7.1. Extreme value processing
Limit all measured values to 0.02 and 0.98 percentiles respectively to eliminate the influence of extreme values on clustering
analysis.

2.7.2. Missing value handling

Perform proportional statistics on missing variables and remove variables with missing ratios greater than 60 %. The missing
variables belong to completely random missing cases. Therefore, we employ the Chain Equation Multiple Interpolation (MICE)
method, setting 5 imputation times. After imputation, we calculate and compare the Akaike Information Criterion (AIC) and Bayesian
Information Criterion (BIC) for each dataset, and then select the dataset with the smallest value for both criteria for subsequent
analysis.

2.7.3. Normality test and data transformation
If the sample size is greater than 5000, use Kolmogorov-Smirno test method to perform normality test on the interpolated dataset,
and perform a logarithmic transformation on data values with obvious skewness distribution.

2.7.4. Correlation analysis

Using SPSS for Kendall’s tau-b correlation analysis, the correlation coefficient range is [—1, +1], with values less than 0 showing
negative correlation, values greater than 0 showing positive correlation, and values equal to 0 showing no correlation. We define a
correlation coefficient >0.5 as indicating a strong correlation, and we consider P < 0.05 to be significant. If there are two sets of
strongly correlated data, delete one set of data and visualize the results using Origin.

2.7.5. K-means clustering analysis

The main idea behind the K-means clustering algorithm is to randomly select sample points, assume k as the number of sample
points, and use these sample points as the initial center points for clustering (cluster). For each remaining sample, divide it into clusters
corresponding to the cluster center that is most similar to it based on its similarity (distance) with each cluster center; Then recalculate
the average value of all samples at each cluster center as the new cluster center. The K-means clustering algorithm has the advantages
of ease of use and fast training speed [32]. We comprehensively evaluate the determination of the number of clusters using the
Kalinski-Halabas criterion, contour coefficients, and interval statistics. Kalinsky-Halabas criterion is defined as a good cluster with a
larger inter cluster variance and a smaller intra cluster variance. Larger the result value, the tighter the intra cluster, and the more
dispersed the inter cluster. Contour coefficient defines the average distance (cohesion) between an object and other samples in the
same cluster, as well as the average distance (separability) between an object and all samples in the other clusters. The range of values
is [-1,1], and the larger the result value, the better the cohesion and separability of the object. Taking the average of the contour
coefficients of all objects yields the contour coefficient of the clustering result. We define the interval statistic as the difference in loss
between the actual sample and the random sample. As the number of random clusters approaches the optimal number, the interval
statistic continuously increases and changes significantly. When the number of random clusters exceeds the optimal number, the
interval statistic continues to increase, but the magnitude of change slows down significantly. Use R Studio for the software and enter
the corresponding code.

2.7.6. Stability analysis
Collect clinical data on the 3rd and 7th day after diagnosis of ARDS, clean the data, delete cases with >10 missing variables,
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calculate the Euclidean distance between the data and the 3 phenotype cluster centers, and assign it to the closest phenotype category
based on the size of the distance. Compare the phenotypic changes within the first 24 h, 3 days, and 7 days after diagnosis.

2.7.7. Statistic analyze

Perform data statistical analysis using SPSS 26.0 and R studio software. The normality test of data is based on the sample size. If the
sample size is greater than 5000, the Kolmogorov-Smirno test method is used to describe data that conforms to a normal distribution
using the mean =+ standard deviation (X + S), non- normal distribution data using the median (interquartile range), and categorical

The eICU Collaborative Research Database (n=139,367)
Admitted to ICUs in 335 hospitals in the United States from 2014 to 2015

Inclusion criteria Exclusion criteria
1) Diagnosed as "ARDS" or "Acute Respiratory 1) Age <18 years old;
Distress" or ICD, with a 9 code of ""518.82". 2) Gender deficiency;
2) After being diagnosed with ARDS, the ICU 3) Oxygenation index (OI=PO./FiO:) > 300;

hospitalization time is > 48 hours. 4) Patients with missing variable values of > 10
) were tested.

Included ARDS cases
(n=6193)

Data collection Gender deficiency: n=1
Collect general information of patients,

g P ’ | S Age < 18 years old: n=11
laboratory test results, imaging information,

ventilator parameters, GCS score, APACHE IV

Oxygenation index > 300: n=617

score, medical history, length of ICU stay, as

well as ICU and in-hospital mortality rates Missing discharge status: n=79
v

The intact ARDS cases of final inclusion
(n=5054)

K-means clustering analysis and
Kaplan-Meier survived analysis

Clinical phenotype
on ARDS

Compare the clinical phenotype changes of
ARDS patients on the first day, third day, and
seventh day after admission to the ICU

Stability analysis of clinical
classification (model validation)

Fig. 1. Flow diagram of this study.
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variables using numbers and percentages. Using Kendall’s tau-b test, we performed the correlation analysis between variables. Draw
relevant charts using R language and Origin.

3. Results
3.1. Data collection

Data collection refers to Fig. 1. Based on the diagnosis name "ARDS" and the ICD-9 value, we included 6193 cases from the eICU
database. We only kept the first-time ICU entry records among the 139,367 medical records. Among them, we identified 1 case with
missing gender, 11 cases with age mismatch, 617 cases with oxygenation index >300, 79 cases with missing discharge information,
431 cases with >10 missing variables, and ultimately included 5054 cases in the study.

3.2. Basic characteristics of the patients being included in this study (Table 1)

This study included 5054 cases. The race includes Asians, Caucasians, Native Americans, African Americans, and Hispanics, with
Caucasians accounting for 75.3 % of the total study population. There is not much difference in the proportion of males and females in
terms of gender ratio. The median age of the total study population is 66 years old, the median length of ICU stay is 120 h, and the in-
hospital mortality is 19.5 %.

3.3. Derivation and analysis of clinical phenotypes in ARDS

3.3.1. Normality test and data transformation
All data show skewness, and we perform a logarithmic transformation on data values with obvious skewed distribution, including
creatinine, white blood cells, glucose, urea nitrogen, and body temperature.

3.3.2. Correlation analysis

The results showed a strong correlation between oxygenation index and oxygen uptake concentration (correlation coefficient =
0.58, P < 0.05), creatinine and urea nitrogen (correlation coefficient = 0.509, P < 0.05). Therefore, we removed oxygen uptake
concentration and urea nitrogen, and visualized the results using Origin (Fig. 2A).

3.3.3. K-means clustering analysis

When comparing the Calinski-Harabasz Index, contour coefficients, and interval statistics under different k values, we can see the
results in Fig. 2B, C, and 2D. When k = 3, the corresponding Calinski-Harabasz Index is maximum, and when k = 2, the contour
coefficient is maximum. Except for a decrease in the time interval statistics at k = 2, the time interval statistics continue to increase as k

calinski
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Kameans parttons comparison

R
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Correlation analysis between various data (A) ¢
and Calinski-Harabasz Index (B), Silhouette ]
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corresponding to different k values, as well as
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Fig. 2. Derivation and analysis of clinical phenotypes in ARDS.
Correlation analysis between various data (A) and Calinski-Harabasz Index (B), Silhouette Co-efficacy (C), and Interval Statistics (D), corresponding
to different k values, as well as t-SNE (t-Distributed Stochastic neighbor Embedding) visualization (E).
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increases. After a comprehensive evaluation, we determined that the clustering effect is best when k = 3, so we set 3 as the final number
of clusters. Through t-SNE dimensionality reduction (Fig. 2E), we visualized the clustering results and found no significant mixing of
boundaries between the three clusters.

3.4. Data analysis

3.4.1. Characteristics of different clinical phenotypes

In the end, we got three clinical phenotypes and described their characteristics based on the mean of each phenotype center point
on each indicator. The Phenotype-I is characterized by fewer abnormal laboratory indicators, higher oxygen partial pressure,
oxygenation index, APACHE IV score, systolic and diastolic blood pressure, and lower respiratory rate and heart rate. Phenotype-II is
characterized by higher white blood cell count, blood glucose, creatinine, body temperature, heart rate, and respiratory rate, as well as
lower albumin, GCS score, bicarbonate ion, systolic blood pressure, diastolic blood pressure, and oxygenation index. Phenotype-III is
characterized by higher age, carbon dioxide partial pressure, bicarbonate ion, GCS score, albumin, and lower white blood cell count,
creatinine, and body temperature (Table 2).

3.4.2. Comparison of the survival analysis between clinical phenotype and Berlin definition

In the model we studied, there were significant differences (P < 0.05) in ICU hospitalization time and mortality among the three
clinical phenotypes, with a 28-day mortality rate of 9.0 % for phenotype I, 29.0 % for phenotype II, and 12.3 % for phenotype III. The
survival analysis of ARDS patients classified by clinical phenotype and Berlin criteria showed significant differences in survival be-
tween different phenotypes (P < 0.05). Patients with phenotypes I and III had significantly better survival than those with phenotypes
II. According to the Berlin standard classification, there was no statistically significant difference in survival time between mild ARDS
patients and moderate patients. Compared with the Berlin standard classification, the survival situation of patients with different
clinical phenotypes was clearer after classification according to clinical phenotypes (Fig. 3).

3.4.3. Clinical phenotype stability analysis

Collect the indicator results of 5054 cases on the 3rd day after diagnosis, including 146 cases with survival days less than 3 days,
2038 cases with variable deletions >10, and 2870 cases ultimately participating in phenotype stability analysis. Perform missing value
imputation and standardization on the data, and calculate the Euclidean distance between each case of data and the phenotype center
point. As shown in Table 3, among the 2870 cases, there were 1061 (37 %) patients with phenotype I, 1277 (44 %) patients with
phenotype II, and 532 (19 %) patients with phenotype III.

Among 1061 cases of phenotype I, 456 cases experienced phenotypic changes, of which 266 cases (9.3 %) transitioned to
phenotype I with a worse prognosis, and 190 cases (6.6 %) transitioned to phenotype III. Among 1277 cases of phenotype II, 621 cases

Table 1
Basic characteristics of the patients being included in this study.

Variables Included ARDS cases Variables Included ARDS cases n = 5054
n = 5054
Race Laboratory test data
Asians, cases (%) 72 (1.4) pH, M (Q1, Q3) 7.41 (7.4,7.5)
Caucasians, cases (%) 3806 (75.3) PO,, mm Hg, M (Q1, Q3) 73 (61, 90.4)
Native Americans, cases (%) 32 (0.6) PCO,, mm Hg, M (Q1, Q3) 39.5 (34.1, 48)
African Americans, cases (%) 600 (11.9) OI (POy/FiO5), M (Q1, Q3) 127 (92.9, 186.3)
Hispanics 280 (5.5) HCO3, mmol/L, M (Q1, Q3) 24.9 (21, 30)
Others, cases (%) 264 (5.2) Blood sugar, mg/dL, M (Q1, Q3) 137 (112, 172)
Age (years); M (Q1, Q3) 66 (54, 77) Serum Na*, mmol/L, M (Q1, Q3) 139 (136, 142)
Gender Serum K*, mmol/L, M (Q1, Q3) 4.1 (3.7, 4.5)
Male, cases (%) 2678 (53.0) White blood cell, x 10°/L, M (Q1, Q3) 11.5 (8.2, 15.7)
Female, cases (%) 2376 (47.0) Platelet, x 10°/L, M (Q1, Q3) 188 (135, 257)
Past medical history Serum albumin, (g/dL), M (Q1, Q3) 2.5 (2.1, 2.9)
COPD, cases (%) 1210 (23.9) Creatinine, (mg/dL), M (Q1, Q3) 1.1 (0.8,1.9)
Diabetes, cases (%) 1586 (31.4) Vital sign data
Hypertension, cases (%) 2757 (54.6) Body Temperature, (°C), M (Q1, Q3) 37.2 (36.9, 37.8)
Stratification of Berlin definition Heart Rate (counts per minute), M (Q1, Q3) 105 (92, 119)
Mild, cases (%) 587 (11.6) Respiratory rate (counts per minute), M (Q1, Q3) 29 (24, 34)
Moderate, cases (%) 1135 (22.5) Systolic blood pressure, (mm Hg), M (Q1, Q3) 96 (85, 110)
Severe, cases (%) 875 (5.4) Diastolic blood pressure, (mm Hg), M (Q1, Q3) 50 (42, 57)
No stratification, cases (%) 2457 (48.6)
Length of ICU stay, (hours)
M (Q1,) 120 (73, 220)
ICU mortality, cases (%) 984 (19.5)
APACHE 1V, (M, Q1~Q3) 65 (51,84)

COPD, Chronic obstructive pulmonary disease; APACHE IV, Acute Physiology and Chronic Health Evaluation IV; pH, Hydrogen ion concentration
index; GCS, Glasgow Coma Scale; ICU, Intensive Care Unit; Detect that all continuous variables do not follow a normal distribution, therefore, median
(interquartile range) is used to represent, and categorical variables are expressed in terms of number of cases and percentage.
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Table 2
The basic characteristic of three clinical phenotypes in this study.
Phenotype-I (n = 2037) Phenotype-II (n = 2029) Phenotype-III (n = 988) PiE

Age, years 64.7 62.4 67.5 <0.05
Sex
Female, cases (%) 980 (48.1) 931 (45.9) 465 (47.1) <0.05
Comorbidities
COPD, cases (%) 249 (20.8) 188 (24.4) 146 (23.2)
Diabetes, cases (%) 329 (27.5) 265 (34.4) 206 (32.7)
Hypertension, cases (%) 619 (51.7) 417 (54.2) 355 (56.3)
Berlin Definition
Mild, cases (%) 639 (31.4) 264 (13.0) 159 (16.1)
Moderate, cases (%) 989 (48.6) 806 (39.7) 595 (60.2)
Severe, cases (%) 409 (20) 959 (47.3) 234 (23.7)
APACHE IV 93.9 54.9 48.0 <0.05
pH 7.5 7.4 7.3 <0.05
Platelet, x 10%/L 157.37 222.2 248.2 <0.05
Serum albumin, (g/dL) 2.8 2.1 2.9 <0.05
HCO3-, mmol/L 25.81 18.76 41.4 <0.05
PCO,, mm Hg 35.42 35.34 77.77 <0.05
POy, mm Hg 94.29 71.95 68.5 <0.05
Oxygenation Index 186.1 83.2 142.8 <0.05
Serum Na*, mmol/L 139.9 138.2 139.2 <0.05
Systolic blood pressure mm Hg 114.36 81.5 98.9 <0.05
Diastolic blood pressure, (mm Hg) 59.5 40.7 49.9 <0.05
Serum K*, mmol/L 3.8 4.5 4.3 <0.05
Heart rates, counts per minute 96.6 119.7 97.4 <0.05
Respiratory rate, times per minute 26.4 33.4 29.9 <0.05
White blood cell, x 10°/L, 10.5 16.4 10.2 <0.05
Creatine, mg/dL 1.1 2.5 1.0 <0.05
Blood sugar, mg/dL 130.9 175.6 136.3 <0.05
Body temperature, °C 37.3 37.8 36.9 <0.05
GCS Score 5.3 2.3 6.4 <0.05

COPD, Chronic obstructive pulmonary disease; APACHE IV, Acute Physiology and Chronic Health Evaluation IV; pH, Hydrogen ion concentration
index; GCS, Glasgow Coma Scale; ICU, Intensive Care Unit; Detect that all continuous variables do not follow a normal distribution, therefore, median
(interquartile range) is used to represent, and categorical variables are expressed in terms of number of cases and percentage.

Kaplan-Meier survived analysis Kaplan-Meier survived analysis
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Fig. 3. Comparison of survival curves of ARDS patients stratified by clinical phenotype and Berlin criteria.

Table 3

Clinical phenotype changes on the third day after diagnosis of ARDS.
Clinical The first 24 h The 3rd day Transformed clinical phenotype
Phenotype (n = 5054) (n = 2870) 1 I il
I 2037 1061 266 (9.3 %) 190 (6.6 %)
I 2029 1277 470 (16.4 %) 151 (5.3 %)
111 988 532 211 (7.4 %) 139 (4.8 %)
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showed phenotypic changes, with 470 cases (16.4 %) transitioning to phenotype I and 151 cases (5.3 %) transitioning to phenotype III
(Table 3). Over 70 % of the data on the 7th day of the statistics were missing. To minimize the impact on stability analysis, we did not
compare the phenotype changes on the 7th day.

4. Discussion

Today, ARDS is still one disease with a high morbidity and mortality in the world [33]. Based on the eICU database, three clinical
phenotypes of ARDS were derived, and there were differences conditions, laboratory indicators, and prognosis among different
phenotypes. In survival analysis, patients with clinical phenotype I and phenotype III had significantly better survival than those with
clinical phenotype II.

4.1. The impact of different machine learning methods on the clinical phenotype of ARDS

The current methods used for clinical phenotype analysis mainly include K-means clustering analysis and latent category analysis.
This study used K-means clustering analysis to derive clinical phenotypes. Similarly, the study by Kaijiang Yu et al. [34] identified
three phenotypes, among which the characteristics of phenotype II in white blood cell count, body temperature, heart rate, and
respiratory rate were consistent with our study. In addition, Duggal et al. [35] also used K-means clustering analysis to perform
secondary analysis on six datasets with different time and regional factors, and identified two subtypes of ARDS based on nine clinical
and laboratory variables (heart rate, mean arterial pressure, respiratory rate, bilirubin, bicarbonate, creatinine, partial oxygen pres-
sure, arterial pH, and oxygen concentration). Among them, phenotype II had higher heart rate, respiratory rate, creatinine, and
bilirubin, and lower platelet and oxygen partial pressure. The changes in these indicators are also consistent with our research.
However, Calfee et al. [36] used latent class analysis methods for secondary analysis, and found that the changes in creatinine,
bilirubin, age oxygen partial pressure, and platelets in Class 2 models were consistent with the aforementioned studies. This shows that
regardless of the statistical method used, changes in phenotype based on clinical variables on certain indicators are universal.
However, different statistical methods yielded inconsistent total numbers of clusters, showing the need for further comparative
analysis of different phenotype derivation methods while using the same dataset.

4.2. The impact of different datasets on clinical phenotype inference

Under the premise of using the same phenotype derivation method (using K-means clustering analysis as an example), this study
mainly used the eICU database to record ICU admitted cases from over 200 hospitals in the United States from 2014 to 2015. Duggal
et al.’s study used six datasets: ARMA, ALVEOLI, FACTT, EDEN, SAILS, and ART. ARMA [37] dataset records data from 10 medical
centers in the United States from March 1996 to March 1999, mainly focusing on respiratory parameter settings research. ALVEOLI
[38] dataset records data from 23 hospitals in the ARDS clinical trial network of the National Institute of Cardiopulmonary and
Hematology from October 1999 to February 2002. FACTT [39] dataset records case data that met inclusion criteria in 20 medical
centers in North America from June 2000 to October 2005. EDEN [40] dataset records patient data recruited from 44 hospitals in the
acute respiratory distress syndrome clinical trial network of the National Institute of Cardiopulmonary and Hematology between
January 2008 and March 2011. SAILS [41] dataset records data from 44 medical centers in the United States that met the inclusion
criteria for research, starting from March 18, 2010 and officially released in 2014. ART [42] dataset records multicenter data on adults
with moderate-to-severe ARDS from 120 intensive care units (ICUs) in 9 countries from November 2011 to April 2017. The collection
time and studied regions of the above dataset are different, so the reasons for the different models got under the same clustering
method may be attributed to regional differences, differences in medical conditions, and environmental differences.

4.3. Follow-up questions on clinical phenotype derivation

At present, phenotype research mostly uses unsupervised learning methods (including K-means clustering analysis, latent class
analysis, etc.). In addition, the characteristics of unsupervised learning determine that it cannot directly provide labels for describing
important features, which limits clinical implementation. Therefore, we still need to optimize it through further model training. Sinha
et al. [43] conducted such a study, using GBM to develop a clinical classifier model based on the ARDS phenotype got from previous
research by Calfee et al. [17] There is limited research on the stability of phenotypes. In China, Qiu Haibo et al. [44] conducted a
longitudinal study using the China Intensive Care Database and foreign databases, and found that over 94 % of patients did not change
their phenotype categories within 3 days of phenotype classification. Ultimately, 56.9 % of patients changed their phenotype at least
once during the study period. Delluchi et al. [45] also concluded through analysis that phenotype classification has a certain stability
within 3 days after determination. This differs from the results, and the reason for this may be because the eICU database does not come
from professional RCT research data, and there are certain omissions in its data entry.

The existing research seems to only show that the ARDS phenotype is a short-term evaluation method, and the significance of
phenotype classification for clinical application still needs to be explored.

5. Conclusions

Compared to the Berlin standard, the new clinical classification of ARDS based on Machine Learning of K-means clustering analysis
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provides a clearer display of the survival status of different types of patients, which helps to predict patient prognosis.
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