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Abstract

BACKGROUND: Only a subset of patients at risk for ARDS go on to develop it, and the
contribution of preexisting comorbidities (eg, diabetes) to ARDS risk is not well understood. Prior
studies of the association between diabetes and ARDS have yielded conflicting results.

RESEARCH QUESTION: Does assessing ARDS risk based on hemoglobin Alc (HbAlc) as a
marker of long-term blood glucose levels, rather than a charted diagnosis of diabetes, clarify the
relationship between diabetes and ARDS?

STUDY DESIGN AND METHODS: Using data from two prospective observational cohorts of
critically ill adults (Validating Acute Lung Injury Biomarkers for Diagnosis [VALID] and Early
Assessment of Renal and Lung Injury [EARLI]), we analyzed the association between clinical
HbAlc category and development of ARDS in patients with a risk factor for ARDS and at least
one clinical HbAlc measurement within the 180 days prior through 14 days after enroliment.

RESULTS: A total of 599 patients in VALID and 276 in EARLI met inclusion criteria, of
whom 164 and 58 developed ARDS, respectively. Patients with a charted diagnosis of diabetes
were not shown to be more likely to develop ARDS (VALID: 24.6% ARDS in those categorized
as nondiabetic vs 30.0% in those categorized as diabetic, P=.14; EARLI: 19.6% vs 22.8%,
respectively; P=.55). However, in VALID, patients categorized as diabetic with inadequate
glycemic control based on their HbAlc had an increased risk of developing ARDS compared with
those with nondiabetic HbAlc (20.9% vs 34.0%, respectively; £=.0073), a finding that persisted
in multivariable analysis (OR for those categorized as diabetic with inadequate glycemic control
vs those categorized as nondiabetic range HbAlc, 1.25; 95% ClI, 1.01-1.57). These findings
were not reproduced in the smaller EARLLI cohort, but were appreciated when the cohorts were
combined for analysis.

INTERPRETATION: Elevated HbAlc may be associated with risk of developing ARDS,
independent of clinical diagnosis of diabetes, but prospective validation is needed. If confirmed,
these findings suggest that inadequate glycemic control could be an unrecognized risk factor for
ARDS.

Keywords

ARDS; chronic hyperglycemia; critical illness; diabetes; glycemic control

ARDS is a life-threatening cause of respiratory failure commonly observed in critically ill
patients characterized by noncardiogenic pulmonary edema, severe hypoxemia, widespread
alveolar-capillary barrier leakage, and reduced lung compliance.l ARDS can be triggered
by a variety of precipitating events including direct lung injury from disorders such as
pneumonia or aspiration of gastric contents, and indirect lung injury from conditions
including sepsis, severe traumatic injuries, or pancreatitis.! However, not all patients with
these insults go on to develop ARDS, and the factors that promote progression to ARDS
remain unclear. Given the significant morbidity and mortality of ARDS, defining specific
patient features that alter the risk of developing ARDS is an important area of exploration
because this may support the development of targeted interventions.

CHEST Crit Care. Author manuscript; available in PMC 2024 October 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bogart et al.

Page 4

A patient’s individual risk of developing ARDS may vary by preexisting comorbidities.
Prior studies have reported that a significant proportion of patients with ARDS have
comorbid medical conditions and that comorbidities are associated with greater illness
severity, organ dysfunction, and mortality.23 However, studies of specific comorbidities,
particularly diabetes mellitus, have yielded conflicting results. Diabetes is a common
medical condition, affecting approximately 537 million adults worldwide® and 20% to
40% of critically ill patients.>8 Several studies found a decreased likelihood of ARDS
in patients with a charted diagnosis of diabetes and at least one risk factor for ARDS."~
9 Additionally, one meta-analysis of seven cohort studies reported that diabetes was
independently associated with a reduced risk of ARDS.10 In contrast, an analysis of a global
multicenter, prospective observational cohort found no significant association between
ARDS and diabetes, and others have reported similar results.>11

These inconsistent findings suggest that the relationship between diabetes and the risk of
ARDS may be more complex than previously appreciated. Diabetes is underdiagnosed, and
there is considerable heterogeneity among patients regarding type of diabetes, medications
used for treatment, and glycemic control.8 These factors likely contribute to the variable
findings in prior studies of the impact of diabetes on ARDS risk. We therefore investigated
how the degree of chronic hyperglycemia, rather than a chart diagnosis of diabetes, affects
ARDS risk. Hemoglobin Alc (HbAlc) provides an estimate of the average blood glucose
level over the preceding 3 months and is the criterion standard for assessing glycemic
control.8 We hypothesized that chronic hyperglycemia as measured by HbA1c is associated
with increased development of ARDS among at-risk critically ill adults.

Study Design and Methods

Study Population

We performed a subanalysis of two prospective observational cohort studies of critically

ill adults: Validating Acute Lung Injury Biomarkers for Diagnosis (VALID) and Early
Assessment of Renal and Lung Injury (EARLI). The inclusion and exclusion criteria for
VALID and EARLI have been described previously.12 Briefly, patients were enrolled in
VALID from 2007 to 2020 and were admitted to one of four ICUs (medical, surgical,
cardiovascular, or trauma) at an academic medical center in Nashville, Tennessee (Vanderbilt
University Medical Center), and remained in the ICU for = 2 days. Patients were

enrolled in the EARLI cohort from 2008 to 2019 and were admitted from an ED to an

ICU at a tertiary care academic medical center (UCSF Health) or an urban safety net
hospital (Zuckerberg San Francisco General) in San Francisco, California. Details regarding
informed consent have been previously described.12 Both studies were approved by their
respective institutional review boards (VALID No. 051065, EARLI No. 10-02852). This
paper meets the guidelines for the Strengthening the Reporting of Observational Studies in
Epidemiology statement.13

Patients were included in this study if they had a documented risk factor for ARDS# and
at least one clinical HbAlc measurement within the 180 days prior through 14 days after
enrollment. The 6-month time frame was selected because it is commonly used in studies of
antidiabetic treatment patterns and medication adherence.1516 |f patients had more than one
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HbAlc measurement, the value closest to study enrollment was used for analysis. Clinical
data such as demographics, medical history including a charted diagnosis of diabetes,
medications, severity of illness scores (Acute Physiology and Chronic Health Evaluation

I1 [APACHE I1]), and lowest Pao,/Fio, ratio, and outcome data on use of mechanical
ventilation, length of ICU stay, and hospital mortality were abstracted from the electronic
medical record by trained research nurses. Patients were classified as having ARDS by two
physician investigators’ review of the participants’ medical records to determine if they met
the Berlin criteria for ARDS4 on at least one of the first four ICU days in VALID and

one of the first five ICU days in EARLI. LBW and JAB completed ARDS classification in
VALID; CSC, MAM, AG, and CH contributed to ARDS classification for EARLI.

The primary outcome of this study was development of ARDS. Secondary outcomes
included illness severity metrics (Pao,/Fio, ratio and APACHE |1 score), duration of
mechanical ventilation, length of ICU stay, and hospital mortality.

Statistical Analysis

The study populations from each cohort were classified by clinical HbAlc categories as
defined by the American Diabetes Association.1’ Patients with an HbA1c of < 5.6% were
classified as nondiabetic and those with an HbA1lc of 5.7% to 6.4% were categorized as
prediabetic. Patients in the HbAlc range of 6.5% to 6.9% were defined as diabetic with
adequate glycemic control, whereas those with an HbAlc = 7.0% were classified as diabetic
with inadequate glycemic control.1” Descriptive statistics were used to summarize baseline
differences between cohorts and between HbA1lc categories for each cohort, including
frequencies with proportions for categorical variables and medians with interquartile ranges
for continuous variables. Baseline characteristics and outcomes by HbAlc category were
analyzed using the Xz test for categorical variables and ¢test (or Mann-Whitney for
nonparametric) or analysis of variance (or Kruskal-Wallis for nonparametric) for continuous
variables. We used the XZ test for trend (Cochran-Armitage test) to analyze differences

in ARDS risk by HbA1c category, and the Jonckheere-Terpstra trend test for differences

in APACHE Il score or PaO,/FIO, ratio by HbAlc category. To account for potential
confounding variables, we applied multivariable logistic regression modeling to control

for age, sex, race, smoking status, public vs private medical insurance source (public vs
private as a proxy for socioeconomic status), charted diabetes diagnosis, use of antidiabetic
medications (insulin, biguanides, or sulfonylureas), direct (eg, pneumonia) vs indirect (eg,
sepsis) risk factors for ARDS, BMI, and APACHE |1 score. Additionally, to evaluate the
possible presence of a nonlinear relationship between HbAlc and ARDS, we tested HbAlc
as a continuous variable with a restricted cubic spline transformation and used the likelihood
ratio test to assess the significance of the nonlinear component. The Shapiro-Wilk test was
used to evaluate normality of data distribution. A two-sided Pvalue < .05 was considered
statistically significant. Statistical analyses were performed using GraphPad Prism software
version 9.5.0 for macOS. Because this was a convenience sample of all available patients in
each cohort who met inclusion criteria and had a clinically measured HbAlc measurement,
no prior sample size calculations were done.
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Baseline Characteristics

We studied 599 patients from VALID and 276 patients from EARLI who met inclusion
criteria. The baseline characteristics for each cohort are summarized in e-Table 1. There
were several significant differences between the patients in VALID and EARLLI. Patients in
VALID were younger and had higher severity of illness scores, BMIs, and rates of RBC
transfusions (e-Table 1). HbAlc was measured prior to RBC transfusion for most (72.9%
in VALID, 55.8% in EARLLI) patients who required transfusion. Additionally, VALID had
a slightly higher proportion of patients with a charted diagnosis of diabetes than those

in EARLI (e-Table 1). VALID was also less racially diverse, had higher rates of tobacco
use, and had a higher proportion of uninsured patients (11.7% vs 4.7%, respectively) than
EARLI (e-Table 1). Tables 1 and 2 outline the baseline characteristics for each cohort’s
respective HbAlc categories. In VALID, patients with a higher HbAlc were older and a
had higher BMI (Table 1). As expected, the presence of a clinical diagnosis of diabetes
and use of antidiabetic medications increased across HbAlc categories (Table 1). There
were also differences in ARDS risk factor between HbAlc categories, with more sepsis
among patients with higher HbAlc. Notably, there was some discordance between HbAlc
and charted diagnosis of diabetes in both cohorts, with a substantial proportion of patients
with normal HbA1c levels (< 5.7%) having a clinical diabetes diagnosis (20.0% in VALID,
14.3% in EARLLI) (e-Table 2) and a considerable proportion of patients with a diabetic
range HbAlc (= 6.5%) not having any charted diabetes diagnosis (11.7% in VALID,
32.8% in EARLI) (e-Table 2).4 Most charted diabetes diagnoses in both cohorts were for
type 2 diabetes (e-Table 1). Most (68.1% in VALID, 57.4% in EARLLI) clinical HbAlc
measurements were obtained within 14 days of enrollment. Patients with higher HbAlc had
HbA1c measured further from the time of enroliment in VALID, but not in EARLI (Table
1). Patients with higher HbAl1c also had lower rates of private insurance coverage in both
cohorts, but also slightly lower rates of current tobacco use (Table 1). Similar differences
were seen between the HbAlc categories in EARLI (Table 2).

Comparison of ARDS Risk by HbAlc Category in VALID

In VALID, 164 patients (27.4%) developed ARDS. A clinical diagnosis of diabetes was not
associated with development of ARDS: 93 of the 310 patients with charted diabetes (30.0%)
developed ARDS, whereas 71 of the 289 without charted diabetes (24.6%) developed ARDS
(P=.14) (Fig 1A). However, when patients were stratified by clinical HbAlc classification,
the likelihood of having ARDS significantly increased across the categories (P=.0073)

(Fig 1B). In patients with nondiabetic range HbA1c, 48 (20.9%) developed ARDS, whereas
55 patients (34.0%) with inadequate glycemic control had ARDS, and this association
persisted in a multivariable analysis controlling for potential confounders (OR for diabetic
with inadequate glycemic control vs nondiabetic HbAlc, 2.13; 95% CI, 1.06-4.34) (e-Table
3). Among a subset of VALID patients for whom medication data were available (n =

589), use of insulin, biguanides, or sulfonylureas was not associated with a higher risk of
ARDS (e-Table 4). The presence of a nonlinear relationship between HbAlc and ARDS was
demonstrated when treating HbAlc as a continuous variable with a restricted cubic spline
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transformation, as indicated by a significant likelihood ratio test for the nonlinear component
(e-Table 5, Fig 1C).

Comparison of lliness Severity and Clinical Outcomes by HbAlc Category in VALID

We next assessed illness severity based on HbAlc category by analyzing patients” APACHE
Il scores and lowest Pao,/Fio, ratios during the study period across categories of HbAlc
among VALID patients. APACHE Il scores significantly increased across the HbAlc
categories (P<.001) (Fig 2A). The median APACHE II score for patients without diabetes
was 24 (interquartile range [IQR], 19-29), whereas it was 28 (IQR, 23-34) for patients
categorized as diabetic with inadequate glycemic control. Additionally, Paoy/Fio, ratios
decreased by HbA1c category (P =.022) (Fig 2B), with a median lowest Pao,/Fio, ratio for
patients with a nondiabetic range HbAlc of 182 (IQR, 129-241) compared with 153 (IQR,
107-220) for patients categorized as diabetic with inadequate glycemic control. We also
analyzed differences in ventilator requirements, length of ICU stay, and mortality, none of
which significantly differed between the categories of HbAlc. In patients with nondiabetic
HbAlc, 172 patients (74.8%) required mechanical ventilation during their admission, and
we observed similar rates across all other HbAlc categories (P = .49) (e-Fig 1A). The
median ICU length of stay in the ICU and in-hospital mortality were also similar across the
HbA1c categories (e-Figs 1B, 1C).

Comparison of ARDS Risk, Iliness Severity, and Clinical Outcomes by HbAlc Category in

EARLI

We then sought to validate these findings in the 276 EARLI patients who met inclusion
criteria, of whom 58 (21.0%) developed ARDS. There was no difference in risk of ARDS
based on clinical diagnosis of diabetes; 28 of the 123 patients with charted diabetes

(22.8%) developed ARDS, whereas 30 of the 153 patients without charted diabetes (19.6%)
developed ARDS (P=.55) (Fig 3A). On stratification by HbAlc category, we observed
numerically higher ARDS rates among patients in both the prediabetic (n = 17, 23.6%) and
diabetes with inadequate glycemic control (n = 22, 24.4%) categories compared with those
with nondiabetic HbAlc (n = 12, 17.1%), but this did not meet statistical significance (P

= .41) (Fig 3B). A multivariable analysis controlling for the previously defined potential
confounders, excluding use of antidiabetic medication because these data were not available
in EARLLI, also did not find an association between HbA1c category and ARDS (OR for
diabetic with inadequate glycemic control vs nondiabetic HbAlc, 1.64; 95% Cl, 0.54-5.20)
(e-Table 6). We also did not observe any differences in APACHE Il scores, lowest Paoy/
Fio, ratios, ventilator use, or ICU length of stay across HbAlc categories in EARLI, but
in-hospital mortality was significantly greater among patients with higher HbAlc (e-Fig 2,
Fig 4). We also used restricted cubic splines to model the nonlinear relationship between
HbAlc and ARDS in EARLI (Fig 3C); however, we did not identify a significant difference
compared with a strictly linear model (e-Table 7).
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Analysis of ARDS Risk, Illlness Severity, and Clinical Outcomes by HbAlc
Category in Combined Cohorts

Due to the small sample size in EARLLI, we also tested the association between HbAlc
category and ARDS by combining the data from both cohorts. Similar to our previous
analyses, a clinical diagnosis of diabetes was not associated with ARDS (P =.09), with
22.9% of patients categorized as nondiabetic and 27.9% of patients categorized as diabetic
developing ARDS (e-Fig 3A). When patients were stratified by HbAlc categories, there
was a significant association with ARDS risk in both the unadjusted (P=.013) (e-Fig 3B)
and multivariable analyses (OR for diabetic with inadequate glycemic control vs nondiabetic
HbAlc, 1.69; 95% CI, 1.05-2.74) (e-Table 8). A restricted cubic spline transformation was
also applied to HbAlc as a continuous variable for the combined cohort data to investigate
whether a nonlinear relationship between HbAlc and ARDS was present, but there was no
significant difference from the linear model (e-Table 9). However, APACHE Il scores did
increase (P < .001) and lowest Paoo/Fio, ratios decreased across the categories (P=.03)
(e-Figs 3D, 3E). There were no differences in ventilator use, length of ICU admission, or
mortality by HbAlc category (e-Fig 4).

Discussion

In this study, we report that critically ill patients at risk for ARDS with inadequate glycemic
control, as evidenced by higher HbAlc, were significantly more likely to develop ARDS
among patients at risk in the VALID cohort in both univariate and multivariate analyses.

In contrast, a clinical diagnosis of diabetes was not associated with development of ARDS.
Additionally, we found that illness severity, as determined by APACHE |1 score and lowest
Pao,/Fio, ratio, worsened as HbAlc increased. Furthermore, we demonstrate that there is

a nonlinear relationship between HbAlc and ARDS in VALID. These findings were not
recapitulated in a smaller independent cohort (EARLLI), leading to some residual uncertainty
about the relationship between HbAlc and ARDS. However, there are several differences,
including demographic and clinical features, between VALID and EARLI that could explain
these results. Specifically, the EARLI cohort is smaller, and the patients in VALID were less
racially diverse, had higher BMIs and APACHE |1 scores, and had greater rates of tobacco
use. When the cohort data were combined, higher HbA1c was once again significantly
associated with higher rates of ARDS and greater illness severity, supporting low power

and demographic differences as potential explanations for the different results between

the two cohorts. Overall, these findings provide new insight into the complex interplay
between diabetes and ARDS and highlight the importance of future investigations into the
relationship between these pathologies.

Previous studies investigating the association between diabetes and the risk of developing
ARDS have yielded conflicting results, with some showing a protective effect of diabetes
and others showing no impact. One potential explanation for these conflicting data is how
the presence of diabetes was defined in the study population. Prior studies have focused
on a clinical history of diabetes,>7:8:10.11 which may have led to misclassification of study
patients because diagnosis of diabetes is not uniform across patients. In our current study,
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there was a considerable number of patients whose HbAlc fell into the diabetic (= 6.5%)
range,* but who did not carry a charted diagnosis of diabetes. Potential explanations for
this observation include differences in access to health care, rates of diabetes screening,
documentation practices across institutions, or health care fragmentation. Conversely, a
substantial proportion of our study population had normal HbA1c values (< 5.7%) but
carried a clinical diagnosis of diabetes, which could be explained by adequate management
of diabetes through strategies such as lifestyle modifications with dietary changes and
weight loss, or the use of antidiabetic medications. The discordance between HbAlc and
clinical diagnosis of diabetes indicates that relying on a chart diagnosis of diabetes may be
insufficient for investigating associations between diabetes and ARDS. Thus, we sought to
provide clarification about the relationship between diabetes and ARDS by using HbAlc to
quantify chronic hyperglycemia.

Another potential explanation for the conflicting data in prior studies of diabetes and risk of
ARDS is that it is chronic hyperglycemia and not a diagnosis of diabetes per se that confers
increased risk. Hyperglycemia alone has been shown to increase inflammatory cytokine
production, oxidative stress, and formation of advanced glycation end products.18:1% AGEs
promote endothelial dysfunction, and the receptor for advanced glycation end products is an
established marker of acute lung injury.20 In one study, the receptor for advanced glycation
end products was measured in the plasma of patients from a randomized controlled trial

of low tidal volume in acute lung injury.20 Higher levels of the receptor for advanced
glycation end products were associated with more severe lung injury, fewer ventilator-free
and organ failure-free days, and increased mortality in the higher tidal volume group.29

The effects of chronic hyperglycemia, particularly the generation of advanced glycation end
products, represent a possible mechanism whereby higher HbAlc may reflect an altered
inflammatory milieu that modifies the risk of developing ARDS. Future mechanistic studies
are needed to test the effects of chronic hyperglycemia on biologic pathways related to the
pathophysiology of ARDS.

Antidiabetic medications are additional plausible factors that might modulate the
relationship between diabetes and risk of ARDS. Several therapies used in the management
of diabetes are known to have immunomodulatory effects. Insulin, for example, decreases
alveolar macrophage activation, proinflammatory cytokine production, and leukocyte
adhesion and chemotaxis,?122 effects that could theoretically dampen the pathophysiologic
processes that contribute to ARDS. Metformin also has antiinflammatory properties and has
been shown to preserve alveolar-capillary barrier permeability in animal models of acute
lung injury.23:24 Additionally, liraglutide, a glucagon-like peptide-1 receptor agonist, was
recently demonstrated to improve outcomes in a murine model of sepsis-induced acute lung
injury.25 These drug effects may point toward mechanisms by which lowering HbA1c with
antidiabetic medications may influence ARDS pathogenesis. Although we did not detect a
relationship between antidiabetic medication use (insulin, biguanides, or sulfonylureas) and
ARDS in this analysis, future studies should specifically address the impact of antidiabetic
therapies on ARDS risk.

Our study has several strengths. First, we used data from two large, prospective cohorts
with demographically and clinically diverse patient populations. Additionally, the patients

CHEST Crit Care. Author manuscript; available in PMC 2024 October 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bogart et al.

Page 10

are well phenotyped for ARDS and have a variety of ARDS risk factors, enhancing

the generalizability of our findings. However, there are also some limitations. HbAlc
measurements used in our analyses were restricted to those sent for clinical reasons,

which limits power and introduces sampling bias. There was also a lag between HbAlc
evaluation and study entry for some patients; however, most measurements were temporally
close to enrollment. Future work using alternative measures of glycemic control (eg,
fructosamine, glycated albumin) could minimize the concerns of bias and timing regarding
HbA1c because these markers of chronic hyperglycemia can be measured in stored patient
serum.26 Additionally, fructosamine and glycated albumin are not influenced by physiologic
RBC turnover or the receipt of blood transfusions, which are other factors that were not
addressed by our investigation.28 However, given that only about 10% of each cohort

had an RBC transfusion that could have conceivably affected HbA1c level (ie, HbAlc
measured after RBC transfusion), it is unlikely that RBC transfusions impacted our findings.
Furthermore, HbAlc alone does not adequately encompass the full complexity of an
individual’s risk for ARDS because organ injury, metabolic abnormalities, and immunologic
dysfunction secondary to chronic hyperglycemia are not captured in a single measurement.
To better understand the effects of inadequate glycemic control over an extended duration,

a longitudinal electronic health record study could be performed and thus represents an
intriguing future direction for this work. Finally, information on prehospital antidiabetic
medication use was only available in one cohort and may be limited by difficulties in
ascertaining home medications at the time of enrollment, which could limit interpretation

of our medication data. Future analyses should specifically examine the potential role of
antidiabetic medications on ARDS development, severity, and outcomes.

Interpretation

Prior studies of the association between diabetes and ARDS may have been hindered by
underdiagnosis of diabetes and variability within the diabetic population regarding type of
diabetes, medication regimens, and degree of glycemic control. Here, we report that, in one
retrospective cohort, there was a significant association between higher HbAlc and risk of
developing ARDS that was independent of a clinical diagnosis of diabetes. However, these
findings were not consistent in a second, smaller independent cohort. These inconsistent
results emphasize that the relationship between chronic hyperglycemia and risk of ARDS
remains complex and unclear, likely in part due to the heterogeneity of both clinical entities.
Overall, our findings suggest that inadequate glycemic control could be an unrecognized risk
factor for ARDS that merits additional study, and prospective studies are needed to further
investigate this relationship.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take-home Points
Study Question:

Does assessing ARDS risk based on hemoglobin Alc as a marker of glycemic control,
rather than a charted diagnosis of diabetes, clarify the relationship between diabetes and
ARDS?

Results:

In this analysis of two prospective observational cohort studies, we found no association
between a clinical diagnosis of diabetes and the rate of ARDS development, but when
patients were stratified by glycemic control, there was a significant association between
higher hemoglobin Alc and likelihood of developing ARDS in one cohort; however, this
was not seen in the second cohort.

Interpretation:

Chronic hyperglycemia may be an unrecognized risk factor for developing ARDS.
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Figure 1 -

A, Association between clinical diagnosis of diabetes and (B) HbAlc category and
development of ARDS in VALID. C, Restricted cubic spline for probability of ARDS by
HbAl1c. HbAlc= hemoglobin Alc; VALID Validating = Acute Lung Injury Biomarkers for
Diagnosis.
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A, B, Association between HbA1c category and (A) APACHE Il score and (B) lowest
Pa04/FIO; ratios during the first 4 study days in Validating Acute Lung Injury Biomarkers
for Diagnosis (VALID). APACHE Il = Acute Physiology and Chronic Health Evaluation I,
HbAlc = hemoglobin Alc.
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A, Association between clinical diagnosis of diabetes and (B) HbAlc category and
development of ARDS in EARLLI. C, Restricted cubic spline for probability of ARDS by
HbAlc. EARLI = Early Assessment of Renal and Lung Injury; HbAlc = hemoglobin Alc.
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A, Association between HbAlc category and APACHE I scores and (B) lowest Paoy/Fiop
ratios in EARLI. APACHE Il = Acute Physiology and Chronic Health Evaluation Il; EARLI
= Early Assessment of Renal and Lung Injury; HbAlc = hemoglobin Alc.

CHEST Crit Care. Author manuscript; available in PMC 2024 October 17.



Page 18

Bogart et al.

0TV ulgojfoway = 9T\qH "paledlpul asimIaYIo se 1o ‘(abuel ajirenbuaiul) ueipaw ‘(94) 'ON aJe sanjeA

1000 > (8'5¢) 85 (0se) 12 (8'€2) ¢ (0om) €2 UOIJeIIPAW O1IBGRIPHUE JO 35N
1000" > (Tov) v9 (sLv) 62 (T'9¢) €5 (zze) vL sisdas ‘10108 %sU SAUV
GE00° (Le 01 92) TE (Le oveg) € (9g 01 92) 62 (ee 01 ¥2) L2 2W/Bx ‘NG
€200° (v'98) 62T (6'88) O (9'86) 89 (8'26) S 2 9dAy 'sayaqeip Jo adAL
1000" > (z'ee) 16T (0's2) sv (zov) 89 (0°02) 9v sajagelp Jo sisoufelp paleyd
vLT (cLa) v (L9m) 01 (8T2) € (zTe) €L arennd ‘snjels soueinsul
150° (¢L2) vy (0'ge) sT (T'ov) 65 (e've) 62 sayjows Apuain)d
V.6 (L'28) veT (0'g8) 15 (0'18) 6TT (2'g8) 26T aNUM ‘a0ey
8TL (cev) oL (oov) vz (Tov) 65 (¥'2€) 98 3[ewd) x9S
1000" > (99 01 19) 65 (0L 01 28) 59 (89 01 6v) 65 (€9 01 G¥) ¥§ K 'aby
p

000" (coovgle-) zv- (c0-0187¢9-) 88— (e001288-) 0T (0015 TT-) €0 JUBWIBINSEAW ITYGH O} JUSW|[0JUS WO} BWI |
0'LT01 0L 690169 7'901Lg 9G0IY'E abues ‘o ‘OTVaH

anfen d (291 = u) jox3u0D (09 = u) j013Uu0D (L¥T = u) oneqelpaid | (0€z = u) dN3GRIPUON Ka0BsyeD 9TVAH [edlulD

1WA srenbapeu] Y d138geIq

21W9A19 arenbapy YU 9nageIa

(Q11wA) sisoubei@ Joy siaxeworg Ainfuj BunT a1nay BunepifeA ul uonealisse]d 9TvAaH Aq ereq [edaiul)d pue salydelbowaq Jo uosuedwo)d

Author Manuscript

[T31avL

Author Manuscript

Author Manuscript

Author Manuscript

CHEST Crit Care. Author manuscript; available in PMC 2024 October 17.



Page 19

Bogart et al.

0TV ulgojfoway = ITWgH "PaledIpul aSIMIBLIO0 Se Jo ‘(abue ajiurenbiajul) ueipaw ‘(%) "ON aJe sanjen

96’ (009) S (s'sv) 0¢ (L'Tv) 0 (T'Lv) €€ sisdas ‘10108 %sU SAUV
eL0’ (se 01 52) 8¢ (se 01 72) 8¢ (ce 01 12) L2 (te 01 22) 92 2W/Bx ‘NG
) (0'78) 1S (926) S¢ (oo1) €2 (oot) 0T 2 9dAy 'sayaqeip Jo adAL
1000" > (002) €9 (¥'19) L2 (6'7€) €2 (zvt) ot sajagelp Jo sisoufelp paleyd
120° (002) 81 (s02) 6 (LTv) 0€ (6'z2) 91 arennd ‘snjels soueinsul
vIT (o0T) 6 (T6) v (zze) ot (r11) 8 sayjows Apuain)d
00’ (rve) 1e ('9¢) 91 (L've) sz (98p) ¥€ aNUM ‘a0ey
885’ (cze) 62 (cev) 6T (e'ov) 62 (T28) 9z 3[ewd) x9S
00’ (zL 01 Lv) 29 (8L 01 ¥5) 69 (8L 01 99) 99 (0L 0¥ 09) 29 K 'aby
p
19T (0zorozr-) 00 (0T 03 £'58-) 0'GY- (0zo18%5-) 00 (0T01565-) 50 JUBLIINSEaW OTY/GH O} JUBLI[[0JUS WO} Bl
LT 00, 690169 7'901Lg 9501 7'E abues ‘o ‘OTVaH
anfeA d (06 = u) j03U0D (p¥ = u) j03Uu0D (22 = u) onagelpaid | (02 = u) anagelpuoN Ai1oba1e) oTvgH [ediuld
21Wd0A19 srenbapeu] Y d138geIq 21WsaA|9 arenbapy Y onsgeld

(179v3) Ainluj BunT pue Jeusy Jo UBWISSASSY ALIe3 Ul uoNBIIISSE|D ITWVAH Aq Bleq [ealuld pue saiydesbowsq Jo uostiedwo)

Author Manuscript

[z31avL

Author Manuscript

Author Manuscript

Author Manuscript

CHEST Crit Care. Author manuscript; available in PMC 2024 October 17.



	Abstract
	Study Design and Methods
	Study Population
	Outcomes
	Statistical Analysis

	Results
	Baseline Characteristics
	Comparison of ARDS Risk by HbA1c Category in VALID
	Comparison of Illness Severity and Clinical Outcomes by HbA1c Category in VALID
	Comparison of ARDS Risk, Illness Severity, and Clinical Outcomes by HbA1c Category in EARLI

	Analysis of ARDS Risk, Illness Severity, and Clinical Outcomes by HbA1c Category in Combined Cohorts
	Discussion
	Interpretation
	References
	Figure 1 –
	Figure 2 –
	Figure 3 –
	Figure 4 –
	TABLE 1 ]
	TABLE 2 ]

