

[image: Association Between Obesity and Short-And Long-Term Mortality in Patients With Acute Respiratory Distress Syndrome Based on the Berlin Definition]
Association Between Obesity and Short-And Long-Term Mortality in Patients With Acute Respiratory Distress Syndrome Based on the Berlin Definition





ORIGINAL RESEARCH

published: 12 February 2021

doi: 10.3389/fendo.2020.611435

[image: image2]


Association Between Obesity and Short-And Long-Term Mortality in Patients With Acute Respiratory Distress Syndrome Based on the Berlin Definition


Wei Zhang 1*†, Yadan Wang 2†, Weijie Li 1 and Jun Wang 1


1 Department of Respiratory and Critical Care Medicine, Shaanxi Provincial People’s Hospital, Xi’an, China, 2 Medical Department, Ruibiao (Wuhan) Biotechnology Co. Ltd, Wuhan, China




Edited by: 
Claire Joanne Stocker, Aston University, United Kingdom

Reviewed by: 
Nadir Yehya, Children’s Hospital of Philadelphia, United States

Flavio Protasio Veras, University of São Paulo, Brazil

Zhangyan Lyu, Chinese Academy of Medical Sciences and Peking Union Medical College, China

*Correspondence: 
Wei Zhang
 zhangwei2384@126.com


†ORCID: 
Wei Zhang
 orcid.org/0000-0001-5806-0469
 Yadan Wang
 orcid.org/0000-0001-8277-7398


Specialty section: 
 This article was submitted to Obesity, a section of the journal Frontiers in Endocrinology



Received: 29 September 2020

Accepted: 21 December 2020

Published: 12 February 2021

Citation:
Zhang W, Wang Y, Li W and Wang J (2021) Association Between Obesity and Short-And Long-Term Mortality in Patients With Acute Respiratory Distress Syndrome Based on the Berlin Definition. Front. Endocrinol. 11:611435. doi: 10.3389/fendo.2020.611435




Purpose

Acute respiratory distress syndrome (ARDS) is one of the most common causes of death in intensive care units (ICU). Previous studies have reported the potential protective effect of obesity on ARDS patients. However, these findings are inconsistent, in which less was reported on long-term prognosis and diagnosed ARDS by Berlin definition. This study aimed to investigate the relationship between obesity and short-term and long-term mortality in patients with ARDS based on the Berlin Definition.



Methods

This is a retrospective cohort study from the Medical Information Mart for Intensive Care III (MIMIC-III) database, in which all the patients were diagnosed with ARDS according to the Berlin definition. The patients were divided into four groups according to the WHO body mass index (BMI) categories. The multivariable logistic regression and Cox regression analysis were used to investigate the relationship between BMI and short-term and long-term mortality.



Result

A total of 2,378 patients with ARDS were enrolled in our study. In-hospital mortality was 27.92%, and 1,036 (43.57%) patients had died after 1-year follow-up. After adjusting for confounders, the in-hospital and 1-year mortality risks of obese patients were significantly lower than those of normal weight (OR 0.72, 95%CI 0.55–0.94, P=0.0168; HR 0.80, 95%CI 0.68–0.94 P=0.0084; respectively), while those mortality risks of underweight patients were higher than normal weight patients (P=0.0102, P=0.0184; respectively). The smooth curve showed that BMI, which was used as a continuous variable, was negatively correlated with in-hospital and 1-year mortality. The results were consistent after being stratified by age, gender, race, type of admission, severity of organ dysfunction, and severity of ARDS. The Kaplan-Meier survival curves showed that obese patients had significant lower 1-year mortality than normal weight patients.



Conclusion

We found that obesity was associated with decreased risk of short-term and long-term mortality in patients with ARDS.
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Introduction

Acute respiratory distress syndrome (ARDS) is a fatal form of acute respiratory failure, which is caused by direct (pneumonia or aspiration) or indirect lung injuries (sepsis or trauma) (1). It is one of the most common causes of death in intensive care units (ICU) and an important public health problem (2). In a recent study which involved 29,114 patients in the ICU from 50 countries, 10% of the patients who were admitted to ICU and 23% of the patients on mechanical ventilation were diagnosed with ARDS. Approximately 35–46% of patients with ARDS died consequently during hospitalization (3). Despite the efforts in early diagnosis and treatment, to our knowledge, there is no available treatment which can aim directly at the pathological mechanism of ARDS, and mechanical ventilation and supportive care are still the main approaches (1, 2, 4). The mortality of ARDS is still very high. Therefore, the recognition of poor prognostic factors is helpful for clinicians to adjust treatment strategies early and ultimately improve the prognosis of patients with ARDS.

Obesity has been on the rise over the past 30 years due to the changes of our feeding habits and life Style. According to the 2017 Global Nutrition Report, 2 billion adults were obese or overweight worldwide and about one in five patients in ICU was obese (5). In recent years, some studies have shown that obesity can reduce mortality in critically ill patients (5–7), such as those with chronic heart disease, chronic renal insufficiency, and sepsis, this phenomenon is termed obesity paradox (8–11); Yet whether this phenomenon exists in ARDS is still controversial (12–20). Most of the previous studies were conducted with a limited sample size, and ARDS as defined by the Berlin standard was rarely applied. Moreover, these studies mainly focused on short-term prognosis, the long-term prognosis is unclear. Our study investigated a cohort of patients with ARDS based on the current definitions and guidelines (Berlin definition), with the primary outcomes of in-hospital and 1-year mortality, to assess the effect of obesity on mortality and the course of disease.



Methods and Materials


Data Sources

The present study is a retrospective cohort study of 2,378 patients with ARDS according to the Berlin definition. All the data used for analysis were obtained from the Medical Information Mart for Intensive Care III (MIMIC-III), which is a single-center and freely accessible database and contains 38,597 adult patients (aged over 16) during 2001 to 2012 in the ICU of the Beth Israel Deaconess Medical Center in Boston. We were obliged to complete the online course and pass the online exams (no. 6182750) to gain access to the database. The establishment of the MIMIC III database was approved by the institutional review board of Beth Israel deacons Medical Center and Massachusetts Institute of Technology. Because all the data of health information are anonymous, the informed consent was not required.



Patients

The MIMIC-III database contains the admission and discharge diagnosis information of all patients. Combined with the diagnostic information recorded in the database and the Berlin standard, we selected the patients diagnosed as ARDS for analysis. Our inclusion criteria were as follows: (1) Patients were older than 16 years and stayed in the ICU more than 48 h; (2) Patients had an arterial oxygen partial pressure (PaO2)/fraction of inspired oxygen (FiO2) < 300 mmHg and positive end-expiratory pressure (PEEP) ≥ 5cm H2O on the first day of ICU admission; (3) Patients with acute onset were assumed to have recently used mechanical ventilation during ICU stay; (4) Patients whose chest radiographs showed bilateral infiltration, and absence of heart failure. Patients lacking of height or weight were excluded. If a patient was admitted repeatedly during the study period, we used only the record of his/her first ICU admission.

The patients’ BMI was calculated as weight (Kg)/height2 (m). According to the BMI international classification of World Health Organization(WHO), we divided the study population into four groups: underweight (BMI < 18.5 kg/m2), normal weight (BMI ≥ 18.5, < 25 kg/m2), overweight (BMI ≥ 25, < 30 kg/m2) and obese (BMI ≥ 30 kg/m2).

According to the Berlin Definition, ARDS were classified into mild (> 200 mmHg, ≤ 300 mmHg), moderate (> 100 mmHg, ≤ 200 mmHg), and severe (< 100 mmHg) based on the PaO2/FiO2 ratio.



Variables and Outcome Measures

We used the Structured Query Language to extract the data and the cords of the Structured Query Language were obtained from https://github.com/MIT-LCP/mimic-website. We extracted or calculated the following variables, including the baseline characteristics (age, gender, ethnicity, admission type, ICU type), the patients’ comorbidity, the vital signs within 24h after ICU admission (heart rate, temperature, mean arterial pressure and SPO2), severity of organ dysfunction (Simplified Acute Physiology Score, SAPSII; Oxford Acute Severity of Illness Score, OASIS; Sequential Organ Failure Assessment, SOFA) and the characteristics of mechanical ventilation on the first day. If a variable was measured multiple times during the study period, we took its average value. The serious scores of organ dysfunction was estimated for all patients within 24 h of ICU admission.

The primary outcomes were the in-hospital and 1-year mortality following ICU admission, and the secondary outcomes were ICU mortality, ICU length of stay, and in-hospital length of stay.



Statistical Analysis

We used the EmpowerStats software (www.empowerstats.com version R.3.4.3) and statistical software package R to process and analyze all our data. The categorical variables were presented as percentages and the continuous variables were expressed as the mean (SD) or IQR in the tables in our study. All the variables were compared by student t-test (normal distribution) or Mann-Whitney (non-normal distribution) when they were categorical variables, and by Kruskal-Wallis test when they were continuous variables. A two-tailed P value < 0.05 was considered statistically significant.

Multivariable logistic regression analysis and smooth curve fitting were performed to test the independent effects of obesity on ICU and in-hospital mortality with crude and full models. Multivariable Cox regression models and generalized linear models with a logit link were used to test the independent effects of obesity on 1-year all-cause mortality. The adjusting variables included age, gender, ethnicity, admission type, ICU type, sepsis, chronic pulmonary disease, renal failure, liver disease, metastatic cancer, chronic heart disease, cerebrovascular disease, Elixhauser comorbidity score, vital signs within 24h after ICU admission, arterial pH, lactic acid and the support treatment. Additionally, the log-rank test in the Kaplan-Meter survival analysis was used to compare the different survival rates between each group. Furthermore, a subgroup analysis was performed to determine whether there were differences among each subgroup in BMI prediction of clinical outcomes.




Results


Characteristics and Outcomes of Patients

The flowchart of study cohort selection was shown in Figure 1. A total of 2,378 patients with ARDS were included in this study, containing 107 underweight patients, 710 normal weight patients, 749 overweight patients, and 812 obese patients. Table 1 displayed the characteristics of the study participants and Table 2 displayed the clinical outcomes of the subjects across the BMI strata.




Figure 1 | Flow chart of the current study.




Table 1 | Characteristics of the study patients according to BMI.




Table 2 | Outcomes of subjects across the BMI strata.



The average age of the study participants was 61.90 ± 17.48 years and 59.92% of participants were male. In total, 664 participants (27.92%) and 1,036 participants (43.57%) died in hospital and within one year, respectively. Obese patients tended to be younger and obese female patients were more than normal weight patients. In obese patients, the incidence of common comorbidities such as diabetes and chronic lung disease is significantly higher. The SAPSII and OASIS scores within 24-hour of ICU admission were significantly lower in obese patients than those in normal weight patients. These imbalanced variables may be confounding and were adjusted in subsequent analyses.

Furthermore, obese patients needed higher PEEP, plateau pressure, minute ventilation, and FiO2 than normal weight patients. And they had a lower ICU in-hospital and 1-year mortality than normal weight patients. There was no difference on ICU length of stay and in-hospital length of stay between obese patients and normal weight patients.



Obesity and Short-Term Mortality

The univariate logistic regression analysis for ICU and in-hospital mortality was shown in Table S1. There was a significant association between patients’ variables (age, ethnicity, BMI, admission type, ICU type, renal failure, liver disease, metastatic cancer, chronic heart disease, sepsis, vital signs within 24h after ICU admission, arterial pH, lactic acid, SAPSII, OASIS, SOFA, plateau pressure and FiO2) and in-hospital mortality.

In multivariable logistic regression analysis, after adjusting for the clinical confounders listed, we found that obese patients had significant lower risks of the in-hospital (OR 0.72, 95%CI 0.55–0.94, P=0.0168) and ICU (OR 0.83, 95%CI 0.53–0.93 P=0.0140) mortality than patients with normal weights, while the underweight patients had significant higher risks of the in-hospital (OR 1.87 95%CI 1.16, 3.02 P=0.0102) and ICU (OR 1.76 95%CI 1.08, 2.87 P=0.0244 Table 3) mortality.


Table 3 | Multivariate logistics regression analysis for ICU and in-hospital mortality in BMI groups.



Taking BMI as a continuous variable, we used the adjusted spline smoothing fitting to visually assess the relationship between BMI and in-hospital mortality, which were presented in Figure 2. The results showed that BMI was negatively associated with in-hospital mortality in crude and adjusted models.




Figure 2 |  A smooth curve fitting for the relationship between BMI and the risk of ICU and in-hospital mortality. (A) Association between BMI and ICU mortality for patients with ARDS. (B) association between BMI and in-hospital for patients with ARDS. The resulting figures show the risk of mortality in the y-axis and the BMI (continuous variable) in the x-axis. A negative relationship between BMI and the risk of short-term mortality was observed after adjusting for age, gender, ethnicity, admission type, ICU type, sepsis, chronic pulmonary disease, renal failure, liver disease, metastatic cancer, chronic heart disease, cerebrovascular disease, Elixhauser comorbidity score, vital signs within 24h after ICU admission, SAPSII, SOFA, OASIS, arterial pH, lactic acid, renal replacement therapy and vasopressor by spline smoothing plot.





Obesity and Long-Term Mortality

In univariate COX analysis (Table S2), BMI showed a strong relation with long-term survival as illustrated by the Kaplan–Meier curves (log-rank test P < 0.001, Figure 3). In the multivariable Cox regression analysis, obese patients had significant lower risks of 1-year mortality (HR 0.63, 95%CI 0.53–0.73 P<0.0001) than patients with normal weights. After adjusting for potential confounders, the association remained independent (HR 0.80, 95%CI 0.68–0.94 P=0.0084, Table 4, model 2). Moreover we used the generalized additive models to visually assess the relationship between BMI and 1-year mortality (Figure 4). The result was similar with the short-term outcomes.




Figure 3 | Kaplan-Meier (K-M) survival curves of 1-year mortalities by BMI categorical.




Table 4 | Multivariable Cox regression analysis for 1-year mortality in BMI groups.






Figure 4 | General additive models demonstrate the relationship between BMI and the risk of 1-year mortality in ARDS patients. The resulting figures show the predicted log(relative risk) in the y-axis and the BMI in the x-axis. The model was adjusted for age, gender, ethnicity, admission type, ICU type, sepsis, chronic pulmonary disease, renal failure, liver disease, metastatic cancer, chronic heart disease, cerebrovascular disease, Elixhauser comorbidity score, vital signs within 24h after ICU admission, SAPSII, SOFA, OASIS, arterial pH, lactic acid, renal replacement therapy and vasopressor.





Subgroup Analyses

The subgroup analyses for the relationship between BMI and the in-hospital and 1-year mortality were presented in Tables 5 and 6, which were performed according to age, gender, race, type of admission, severity of ARDS, SAPSII, OASIS and SOFA scores. The results showed that in different subgroups, the relationship between BMI and the risk of in-hospital and 1-year mortality stably existed after careful adjustments. The association between obesity and long-term mortality was only not observed in other race patients (OR 1.03, 95% CI 0.53–1.99, P = 0.9269).


Table 5 | Subgroup analysis for the effect of obesity on risk of in-hospital mortality after adjusting for confounding factors.




Table 6 | Subgroup analysis for the effect of obesity on risk of 1-year mortality after adjusting for confounding factors.






Discussion

The results of this study suggested that there was an independent association between BMI and the short-term and long-term mortality of ARDS patients according to the Berlin standard. Underweight patients had higher risks of short-term and long-term mortality, while obese patients had lower risks of mortality compared with normal weight patients. In addition, according to the Berlin standard, patients were divided into three groups (mild, moderate, and severe ARDS) based on their PaO2/FiO2 ratio with the first record after ICU admission. Obesity was also found to be associated with a decreased risk of short-term and long-term mortality in ARDS patients despite of the severity.

As far as we know, there were some previous studies about the relationship between BMI and the mortality of ARDS, but their conclusions were controversial (12, 15–20). Most of these studies had shown that BMI was inversely associated with the mortality of the patients with acute lung injury (ALI) or ARDS, and obesity or morbidly obesity could reduce the risk of mortality, which was consistent with our finding (13, 14, 16–20). Other studies suggested that there was no association between BMI and the mortality of ARDS (12, 15). In addition, there were two meta-analyses on BMI and the clinical prognosis of ARDS. Yue et al. reported that in a meta-analysis which included 6,268 patients with ARDS or ALI, the OR of ICU mortality was 0.68 (95% CI 0.57, 0.80) for obese patients and 0.72 (95% CI 0.56, 0.93) for morbidly obese patients respectively (13). Another meta-analysis which included 9 studies showed that obesity significantly decreased the risk of 60-day and 90-day mortality, OR values was 0.84 (95% CI 0.75to –0.94) and 0.38 (95% CI 0.22–0.66) (14). These inconsistent results may be due to the following reasons. First, in different investigations, there were different cut-off values of BMI, different ages, and different races of individuals; Second, the study population was included according to different diagnostic criteria for ARDS and ALI and most of these studies used the American European Consensus Conference definitions; Third, there were significant differences in some studies due to the lack of adjustments for potential important confounding factors, including comorbid illness (such as diabetes mellitus and acute renal insufficiency, which had been shown to be associated with the onset and prognosis of ARDS (16, 21)) and disease severity (APS III score, SIRS score and the value of oxygenation index).

In the present study, we selected patients according to the Berlin definition for ARDS, which is the current definition and guidelines, and we also defined obesity according to WHO standards. We had adjusted for important comorbid illnesses (including Elixhauser Comorbidity index) and disease severity (including SAPSII, OASIS, SOFA, and the value of oxygenation index) because MIMIC-III database had complete patients’ records. In addition, we had investigated the association between BMI and 1-year mortality of ARDS. To our knowledge, this association has not been reported in previous studies.

Our study had a large sample size and adjusted for multiple confounders, which were improvements on previous studies. As a retrospective observational study, we found an association between obesity and a decreased risk of death, however we were unable to establish a causal relationship between obesity and mortality. In fact, ARDS may be over-diagnosed in obese subjects, as the chest wall can more readily induce atelectasis masquerading as bilateral infiltrates on chest x-ray. This leads to (easily reversible) hypoxemia, which makes the subject appear more sick than they really are. On the other hand, due to the existence of collider bias, the real association between obesity and mortality is artificially biased forward being falsely “protective” by conditioning on the diagnosis of ARDS (22, 23). Therefor based on our data, obesity was associated with a decreased risk of mortality for ARDS patients. Due to the collider bias and the possibility that obese patients may be over-diagnosed with ARDS, it was unclear whether obesity paradox existed in these patients.

The physiologic mechanisms behind these associations are not yet clear. We can give some possible reasons why obesity can improve clinical prognosis of ARDS patients. First, obesity is a medical condition with pro-inflammatory components and obese patients have higher cytokines in the peripheral circulation which may induce antioxidant consumption and endothelial damage leading to increased capillary permeability and lung damage (24). However, in animal studies, obesity can lead to impaired neutrophil functions (including cytokines transcription and downstream signaling pathways), the transformation of alveolar macrophages into an anti-inflammatory phenotype, and a reduction in the number of monocytes and adhesion receptors compared with normal weight individuals (25, 26). In addition, previous studies have shown that pro-inflammatory factors in the peripheral circulation of obese ARDS patients are not significantly higher than those of normal weight patients (27). Furthermore, in animal with acute lung injury, it was found that the phenotypes of neutrophils and monocytes/macrophages in BALF and blood of obese rats were changed, making them produce anti-inflammatory and anti-fibrosis effects and preventing further deterioration of lung function (25). Thus the chronic inflammation of obesity may induce tolerance after an acute inflammation, low-grade inflammation may protect the lungs from further damage by preventing more severe secondary inflammation (24). Second, ARDS is a hypercatabolic state. Due to the high lipid bank, obese patients can provide more substrate synthesis energy to meet the higher demands during the initial catabolic phase of the disease (5). Obese patients can also provide more lipoproteins which can bind to endotoxins and reduce their inflammatory effects (4, 21). Third, some studies reported that obesity can reduce the occurrence of ventilator-induced lung injury in ARDS patients (28, 29). In obesity, the altered chest wall dynamic can reduce the impact of airway pressure, thereby providing protection against ventilator-induced lung injury (4). And an animal experiment showed that in obese mice with ARDS, adipose-derived exosomes can protect the lung from endothelial barrier injury and reduce the inflammatory response by inhibiting TRPV4/Ca2+ signaling pathway, thus reducing the occurrence of ventilator-related lung injury (30). Finally, clinicians generally consider that there is a higher risk of mortality for obese patients compared with normal weight patients. And this may lead to earlier admission to ICU and prompt prevention measures (including tighter blood sugar control and greater attention to ventilator parameters) which can reduce the risk of death in these patients (31).

Another finding of the present study was that obese patients had higher PEEP, plateau pressure, minute ventilation, and FiO2 than normal weight patients, which have also been described in obese patients in some previous studies. Christian et al. have found that higher PEEP can improve the survival rate of obese ARDS patients (32). In ARDS patients, high PEEP can reduce the lung injury caused by repeated collapse and reopening of the alveoli, thus improving oxygen cooperation. There was a difference in atelectasis between obese and normal patients. In obese patients, respiratory compliance decreased, lung resistance increased, and alveolar atelectasis increased. Therefore, increased PEEP may have a protective effect on obese patients to reduce the damage of repeated collapse and reopening of the alveoli to the lung, thus improving oxygen concentration. In addition, previous studies have found that obese and severely obese ARDS patients need high platform pressure and minute ventilation (24, 33). However, after adjusting for confounding factors, high platform pressure and minute ventilation were not significantly associated with the prognosis of patients. Therefore, we speculated that high PEEP may be another reason why obesity can reduce the risk of mortality in ARDS patients.

In the present study, we had four limitations. First, as a retrospective cohort study, it is impossible to adjust for all confounders. Because several variables were not recorded in MIMIC-III, we lacked information on the clinic risks for ARDS (including sepsis, pneumonia, trauma, and aspiration) which may affect our results. Second, we used the height and weight recorded at ICU admission to calculate BMI. However, it cannot be excluded that whether the patient underwent fluid resuscitation prior to ICU admission. Third, the results presented in this study were associations and do not imply causality, and the molecular and physiological mechanisms behind it need to be further studied and clarified. Fourth, as a single-center study, the results should be interpreted with caution when referring to other populations and regions.



Conclusion

In conclusion, our investigation indicates that BMI was independently associated with short-term and long-term mortality of ARDS patients according to the Berlin standard. Compared with normal weight, obesity had lower risk of mortality for patients with ARDS. The relationship needs to be further validated in other populations, and the mechanisms behind these associations need to be further investigated. Understanding how obesity decreased the risk of mortality in ARDS may affect the treatment strategies and clinical outcomes for many patients.
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