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Abstract
Objectives—To evaluate the association between plasma granulocyte colony-stimulating factor
(G-CSF) levels and clinical outcomes including mortality in patients with acute lung injury (ALI)
and to determine whether lower tidal volume ventilation was associated with a more rapid
decrease in plasma G-CSF over time in patients with ALI.

Design—Retrospective measurement of G-CSF levels in plasma samples that were collected
prospectively as part of a large multicenter clinical trial.

Setting—Intensive care units in ten university centers.

Patients—The study included 645 patients enrolled in the NHBLI ARDS Clinical Network trial
of lower tidal volumes compared with traditional tidal volumes for ALI.

Measurements and Main Results—Baseline plasma levels of G-CSF were associated with an
increased risk of death and a decrease in ventilator-free and organ failure-free days (VFD and
OFD) in multivariate analyses controlling for ventilation strategy, age, and sex (OR death 1.2/
log10 increment G-CSF, 95% CI 1.01 to 1.4). Stratification of G-CSF levels into quartiles
revealed a strong association between the highest levels of G-CSF and increased risk of death and
decreased VFD and OFD in multivariate analyses controlling for ventilation strategy, APACHE
III score, PF ratio, creatinine, and platelet count (p<0.05). Subgroup multivariate analysis of
patients with sepsis as their risk factor for ALI revealed a U-shaped association between mortality
and G-CSF levels such that risk increased linearly from the second through fourth (highest)
quartiles, yet also increased in the first (lowest) quartile. G-CSF levels decreased over time in both
tidal volume groups and there was no statistical difference in the extent of decrease between
ventilator strategies.

Conclusions—In patients with ALI, plasma G-CSF levels are associated with morbidity and
mortality, yet these levels are not influenced by tidal volume strategy. In patients with sepsis-
related ALI we find a bimodal association between baseline plasma G-CSF levels and subsequent
morbidity and mortality from this disease.
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Introduction
The potential role of granulocyte colony-stimulating factor (G-CSF) in the development of
acute lung injury has been debated for the last 10 years (1–4). Several lines of evidence
suggest a role for G-CSF in the pathogenesis of ALI/ARDS. G-CSF isa potent neutrophilic
growth and release factor, and it has been associated with the development of an altered
circulating neutrophil phenotype in animal models which is similar to that seen in ALI/
ARDS patients (5–11). Furthermore, animal models (12–15) and clinical reports (16–18)
suggest that the use of exogenous G-CSF may promote the development of ALI/ARDS.
However, G-CSF, as a critical factor in innate immune function, is essential for the
protective inflammatory response and possibly the balance of pro- and anti-inflammatory
factors in the inflammatory milieu (4). Animals lacking G-CSF are more susceptible to
bacterial infection and subsequent progression to sepsis and death (19), and several studies
in normal mice, in fact, suggest that supplemental G-CSF may improve outcomes from ALI/
ARDS due to pneumonia (14,20,21). Thus, G-CSF may serve as a ‘double-edged sword:’
Just as high levels of G-CSF might drive an over exuberant inflammatory response, low
levels might leave the host susceptible to progression of the initiating insult (1,22).

Clinical studies have demonstrated that high levels of G-CSF are present in the circulation
and lungs of patients at risk for and with ALI/ARDS (23,24). G-CSF is known to be released
into the circulation by a wide range of cell types in response to many of the insults
associated with the development of ALI/ARDS, particularly overwhelming infection and
sepsis (25). In the lung, G-CSF is produced by both alveolar macrophages (26) and
epithelial cells (27). Recent studies have shown that G-CSF is elevated in bronchoalveolar
lavage (BAL) of both patients with ARDS and those at risk of developing ARDS (24), and
that BAL levels of G-CSF may correlate with the severity of lung injury (23), and
subsequent risk of death (28). Although it has been suggested that elevated plasma levels of
G-CSF in the setting of ALI/ARDS correspond to worsened oxygenation and increased BAL
neutrophilia (23), little else has been published examining circulating levels of this cytokine
in ALI/ARDS. The association between circulating G-CSF and mortality, for example, is
unknown.

We hypothesized that G-CSF is an important mediator in the pathogenesis of ALI/ARDS,
and that systemic levels of this cytokine might be predictive of outcome from the disease.
We further hypothesized, however, that unlike previously described ALI biomarkers, the
relationship between G-CSF levels and outcomes might be nonlinear, particularly in patients
with overwhelming infection and sepsis reflecting a dual role for G-CSF response in ALI
pathogenesis. Lastly, we hypothesized that, similar to the effect seen with both IL-6 and
IL-8 (29), a low tidal volume strategy would be associated with a more rapid decrease in
levels of G-CSF over time. To examine these hypotheses, we measured baseline and day 3
G-CSF levels in previously banked plasma samples from the ARDS Clinical Trials
Network’s ARMA trial, a randomized controlled trial of low tidal volume ventilation in
patients with ALI/ARDS (30).
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Methods
Patient selection

The 861 patients enrolled in the National Heart, Lung, and Blood Institute (NHLBI) ARDS
Network multi-center randomized trial of 12ml/kg vs. 6ml/kg tidal volume ventilation
served as the patient group for this study. This trial was conducted simultaneously with two
other clinical trials in which ketoconazole or lisofylline were compared with placebo in a
factorial design. Of the 861 patients enrolled, plasma was available at baseline (day 0) from
645 patients and from 556 patients both day 0 and day 3. As indicated in previous
publications (30–32), the protocols were approved by a protocol review committee
convened by the NHLBI and by the institutional review board at each of the participating
institutions. Safety of the trials was monitored by an independent Safety Board.

The study design for the ventilator trial has been described extensively in previous
publications (30–32). Briefly, patients with ALI/ARDS who required mechanical ventilation
were randomized to either a 6ml/kg or a 12ml/kg tidal volume strategy. Ventilation and
weaning from mechanical ventilation were defined by standardized protocols. Patients were
followed for 180d or until discharge to home with unassisted breathing. At the time of
enrollment APACHE III scores were calculated and the physician investigator identified the
primary risk factor for the development of ALI as previously described (33). In the
classification of sepsis, investigators were instructed to use the SCCM definition of clinical
sepsis which includes a known or suspected source of systemic infection and at least two of
the following: 1) temperature < 36°C or > 38°C; 2) Heat rate > 90 bpm; 3) Respiratory rate
> 20 bpm or PaCO2 <32 mmHg; 4) White blood cell > 12,000/mm3, < 4,000/mm3, or >
10% bands. Known infection is a documented source of infection (e.g., positive blood
cultures). Suspected infection is evidenced by one or more of the following: white cells in a
normally sterile body fluid, perforated viscus, radiographic evidence of pneumonia plus
purulent sputum, or a syndrome associated with a high risk of infection (e.g., ascending
cholangitis) (34).

Cytokine measurements
Blood samples were obtained from the study participants at entry into the study (day 0) and
again at day 3 as previously described. G-CSF levels were measured on samples from both
days. The measurements were carried out by individuals blinded to all clinical data using
Quantikine G-CSF immunoassay kits (R&D Systems, Minneapolis, MN). The lower limit of
detection for G-CSF using this kit was 0.8pg/mL.

Study outcome variables
One of the primary outcomes for the ventilator trial was mortality before discharge home
with unassisted breathing (30). This was used as the primary outcome for this study.
Ventilator-free days (VFD) was also used as a primary outcome for the ventilator trial; it
was used as a secondary outcome in the present analysis (35). It was calculated as the
number of days of unassisted breathing from day 1–28 if unassisted breathing continued for
>48h (35). As in previous studies (30–32), deaths prior to achieving unassisted breathing
before day 28 were assigned zero VFD. Another secondary outcome was number of days
alive without non-pulmonary organ failure (i.e. organ failure-free days [OFD]). Organ
failure was determined as defined in the Brussels Organ Failure Table (36). As has been
noted previously (30), differences in VFD or OFD could reflect a difference in mortality,
ventilator days among survivors, or both.
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Statistical analysis
Data analysis was conducted using SAS 9.1 (SAS Institute, Cary, NC). G-CSF levels were
not normally distributed. Our theoretical model predicted that the relationship between G-
CSF levels and adverse outcomes may be non-linear. Consequently, we divided baseline G-
CSF levels into quartiles for analysis as we have done in previous studies examining
biomarkers in the ARMA cohort (37). We also evaluated the impact of log10 transformed G-
CSF levels and clinical outcomes.

We used multivariate logistic regression to analyze the longitudinal association between
baseline G-CSF levels and the risk of mortality, controlling for age, sex, and ventilator
group assignment. In analogous fashion, we used multivariate linear regression to study the
association between baseline G-CSF levels and the two continuous study outcomes: VFD
and OFD. Because there is no consensus on how to statistically analyze such physiologic
and biochemical data, we present the results controlling for age, sex, and ventilator group
and an additional multivariate analysis that controls for APACHE III score and other
markers of acute illness severity (PaO2/FiO2 ratio, creatinine, and platelet count). Because
lisofylline and ketoconazole did not change clinical outcomes (31,32), they were not
considered as confounding variables in any analysis.

We tested for a statistical interaction by sepsis as the primary clinical risk factor for ALI/
ARDS. The likelihood ratio test was used to compare logistic regression models with and
without interaction terms between G-CSF levels and sepsis as a risk factor for ALI/ARDS.
Because we found a strong interaction by sepsis status, results are presented stratified by
sepsis vs. other causes of ALI/ARDS. Because the power to detect statistical interactions is
generally low, we used a cut-off alpha (2-tailed) of 0.10 to indicate a statistically significant
interaction (38).

We observed a non-linear relationship between baseline G-CSF quartile and mortality in the
subgroup with sepsis. To further evaluate the shape of the relationship between G-CSF and
mortality, linear splines were generated with knots evenly spaced at quartiles of G-CSF.

To evaluate the second hypothesis, we studied the prospective impact of the 6 ml/kg tidal
volume strategy on the change in G-CSF levels over time. We used analysis of covariance
(ANCOVA) to examine the effect of mechanical ventilator treatment group on G-CSF levels
measured at day 3, controlling for baseline level. To address the non-normal distribution of
G-CSF levels, we performed ANCOVA on log10 transformed G-CSF levels.

Results
Baseline Characteristics

The baseline characteristics of the patients are shown in Table 1. There was no statistical
difference in age, sex, ventilatory strategy assignment, APACHE III scores, creatinine,
platelets, or PaO2/FIO2 between the patients included in the study (645) and those without
baseline plasma samples available for analysis (257). A slightly lower proportion of patients
included in the study had sepsis as a risk factor for ALI/ARDS compared to those without
baseline plasma samples available for analysis. Because G-CSF levels were not significantly
higher among septic vs. non-septic patients with ALI/ARDS (data not shown), it is unlikely
that the differential sepsis representation introduced bias into the analysis of G-CSF and
clinical outcomes. Moreover, stratification by sepsis status explicitly takes sepsis status into
account, mitigating against any possible bias.
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Baseline G-CSF levels and clinical outcomes
G-CSF range at Day 0 was 0-555875 pg/mL (median 191pg/mL), demonstrating a marked
elevation compared to those found in healthy human volunteers (typically <30pg/mL)
(39,40). Elevated baseline plasma levels of G-CSF were associated with significantly fewer
ventilator-free days (VFD) and organ failure-free days (OFD) in both logistic regression
analyses controlling for ventilation strategy (mean differences −0.9 per log10 increment,
95% CI −1.7 to −0.001, and −1.6, 95% CI −2.5 to −0.7, respectively), and multivariate
analyses controlling for ventilation strategy, age, and sex (mean differences −1.1 per log10
increment, 95% CI −1.9 to −0.2 and −1.8, 95% CI −2.7 to −0.9, respectively). An increased
risk of death was associated with baseline G-CSF levels when controlling for ventilation
strategy, age, and sex (OR 1.2 per log10 increment, 95% CI 1.01 to 1.4), but this association
did not reach significance when controlling for ventilation strategy alone. Associations
between baseline G-CSF levels and VFD, OFD, and death were no longer statistically
significant when additionally controlling for markers of disease severity (APACHE III
score; data not shown). The lack of association after adjustment was, however, not
unexpected given the possibility that the variables measuring disease severity might in fact
be on the causal pathway between G-CSF elevation and morbidity and mortality, thereby
potentially “over-adjusting” and minimizing any true underlying association.

To further investigate the association between baseline G-CSF levels and outcomes, we next
examined the relationships by G-CSF quartiles (Table 2). This analysis showed a strong
relationship between the highest quartile and subsequent organ dysfunction (decreased VFD
and OFD) and death.

Prognostic Value of Plasma G-CSF Levels in Patients with Sepsis
Given the known role of overwhelming infection in the stimulation of G-CSF release, we
next tested for an interaction between the clinical diagnosis of sepsis in the cohort and
baseline plasma G-CSF levels. Inspection of the data revealed that the association between
G-CSF levels and adverse clinical outcomes in ALI/ARDS differed in patients with sepsis
from those without sepsis, and the test for statistical interaction was positive by our pre-
specified criteria (see Methods) (p=0.058). In particular, a strong association was found in
patients whose primary clinical risk factor for ALI/ARDS was sepsis, whereas the results
were much less strong among those without sepsis (Table 3). This analysis also identified
the existence of a U-shaped distribution of morbidity and mortality in the sepsis subset, such
that VFD, OFD, and risk of death appear to increase monotonically with increasing levels of
G-CSF (quartiles 2, 3, and 4), yet were also higher in the lowest quartile. In the sepsis
subset, these associations remain significant despite controlling for markers of acute and
chronic disease severity (Table 4). An analysis using linear splines confirmed a U-shaped
relationship between baseline G-CSF level and mortality among patients with sepsis (Figure
1).

Further subgroup analysis examining direct (bacterial/aspiration pneumonia) vs. indirect (all
other) causes of lung injury was performed. This demonstrated a significant association
between only the highest quartile G-CSF levels and worse outcomes in the indirect injury
subgroup (Table 6), whereas no significant relationship was found between G-CSF levels
and outcomes in the direct injury subgroup.

Change in G-CSF levels over time and the impact of tidal volume strategy
G-CSF levels decreased over time (Day 0 to Day 3) in both tidal volume groups (Table 5).
However, unlike the previously reported association between low tidal volume strategy and
more rapid decrease in IL-6 and IL-8 (29), there was no statistical difference in the extent of
decrease in G-CSF between ventilator strategies (p=0.16). Furthermore, there was no
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evidence that sepsis modified the impact of ventilator strategy on G-CSF levels over time
(p=0.86).

Discussion
In this study we demonstrate a significant, though complex, relationship between baseline
plasma G-CSF levels in ALI/ARDS and subsequent morbidity and mortality from this
disease. Our initial analysis, examining a large heterogenous cohort of ALI/ARDS patients
(Table 2), suggested an association between elevated plasma levels of G-CSF and
subsequent organ failure and death, as has been seen for other inflammatory cytokines in
this disease (29,41–44). Given the established relationship between infection (particularly
sepsis) and G-CSF release, we examined the impact of sepsis on the association between G-
CSF and clinical outcomes in ALI/ARDS by stratification. Previous studies of ALI/ARDS
have shown that individual biomarkers may demonstrate specificity within only certain risk
factor groups (29).

The analysis demonstrated a strong relationship between G-CSF levels and adverse clinical
outcomes in the sepsis group (Table 3), with essentially no association in the non-sepsis
group. A similar strengthening of relation between cytokine levels and outcomes in sepsis
patients has been seen in other analyses (29). No previous study has examined G-CSF in
ALI/ARDS due to sepsis; however, three studies have examined this cytokine in patients
with sepsis alone. Although two small studies have suggested correlations between either
high (45) or low (46) levels of circulating G-CSF and increased mortality, the largest study
(n=82) showed no independent association (47), leaving the relationship unclear. Our
analysis included a relatively large number of patients with sepsis and ALI/ARDS and
demonstrates a U-shaped relationship between mortality and plasma G-CSF levels: risk
increases linearly from the second through fourth (highest) quartiles, yet also increases in
the first (lowest) quartile. Similar associations are seen for measures of organ dysfunction
(VFD and OFD) in our analysis (Table 3). Of the numerous biomarkers investigated in ALI/
ARDS, G-CSF appears to be unique in displaying this relationship. Furthermore, these
results are maintained despite controlling for markers of disease severity (Table 4), and the
association between the lowest quartile and worse outcome is strengthened in this analysis.
Subgroup analysis examining indirect causes of lung injury failed to demonstrate a similar
U-shaped relationship between G-CSF and outcomes in this subgroup (Table 6), suggesting
that this bimodal relationship is unique to the sepsis cohort and not related to indirect
mechanisms of injury in general.

The finding of a bimodal distribution of G-CSF-associated morbidity and mortality may be
explained by the role of this cytokine as a “double-edged sword” in the immune response
(1,22). Failure of the innate immune response to sepsis, as is seen in neutropenic infection,
may lead to rapid deterioration and death; yet, at the other extreme, an over-exuberant
inflammatory response is postulated to drive ALI/ARDS. This may explain why covariate
analysis with disease severity markers weakens the association between baseline G-CSF and
subsequent outcomes in the highest quartile, but strengthens this association in the lowest
quartile: G-CSF release may in part be driven by the severity of illness (as is more apparent
in the analysis of the entire cohort), but failure to produce an adequate G-CSF response (the
lowest quartile) predicts progression of sepsis and subsequent morbidity and mortality. The
finding of a bimodal population may also shed light on the equivocal results of recent
clinical trials of exogenous G-CSF in nonneutropenic sepsis and pneumonia (48–51) in
which, in theory, patients with extremely low G-CSF levels may have benefited from the
intervention, while those with extremely high levels may have worsened.

Suratt et al. Page 6

Crit Care Med. Author manuscript; available in PMC 2010 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Why such a wide distribution of G-CSF response in septic patients with lung injury should
occur is less clear, but may reflect several variables in the septic cohort, including genetic
polymorphism and host factors. G-CSF response has recently been shown to vary in the
general population such that individuals may be categorized as either ‘high’ or ‘low’
responders based on the response of their leukocytes to lipopolysaccharide stimulation (52).
In that study, expression of csf3 (the gene encoding G-CSF) was found to be more than 4-
fold greater in ‘high’ compared to ‘low’ responders, and was the gene showing the greatest
differential regulation between the two populations. Polymorphisms in the promoter region
of csf3 have recently been described that appear to be associated with this differential
response (M. Wurfel, personal communication). Among possible host factors that may
account for differences in G-CSF expression, alcoholism has been shown to suppress the G-
CSF response in a rat model of sepsis (53), and the association between alcoholism and
leukopenic sepsis has been well-described (54). Unfortunately, none of these variables were
captured in the ARMA study and thus cannot be examined in this cohort.

In this study no association was found between tidal volume strategy and the rate of decline
in plasma G-CSF levels over time. This is contrast to the previously reported effects of tidal
volume on biomarkers such as IL-6, IL-8, and soluble TNF receptor I (29,55). Our failure to
find a similar association between tidal volume and rate of decrease in G-CSF levels
suggests that G-CSF may not participate in the pathogenesis of ventilator-induced lung
injury in the setting of ALI, and further emphasizes the unique biology of G-CSF in this
disease compared to previously studied cytokines. Given the small numbers of patients in
the tidal volume cohorts examined, caution should be exercised in interpreting these results.

A limitation of this study is the conceptual difficulty in formulating a multivariate analysis.
As we have previously discussed (29), it is uncertain how best to statistically control for
markers of disease severity, such as APACHE III score, in studies that relate biomarkers to
clinical outcomes. Our a priori causal model was that G-CSF might be a pathophysiologic
mediator in the disease. Therefore, controlling for variables that measure acute illness
severity and are on the causal pathway between G-CSF elevation and death, may result in
“over adjusted” effect estimates that are biased toward the null value. The results adjusted
only for age, sex, and ventilator group may actually be better estimates of the “true” relation
between cytokines and outcomes. Because there is no consensus on how to statistically
analyze such physiologic and biochemical data, we present both multivariate analysis and
analysis adjusted only for ventilator group. The observation that the adjusted, but not
unadjusted, confidence intervals do not exclude “no effect” could reflect this overadjustment
phenomenon. Furthermore, caution must observed in interpreting any study employing post-
hoc analysis with multiple comparisons as we have performed.

An additional potential limitation of the study is the method used for ARDS risk factor
assignment in the ARMA trial, which was based on clinical judgment, rather than on strictly
specified criteria. Although this method of classification may not allow direct comparison to
other studies in which, for instance, sepsis has been defined by different methods, the
observed higher mortality in patients classified with sepsis in the ARMA study is similar to
that reported in previous studies, suggesting that the classification of causes used in ARMA
is comparable (33). Finally, it must be noted that a slightly lower proportion of patients
included in the study had sepsis as a risk factor for ALI/ARDS compared to those without
baseline plasma samples available for analysis. Because the proportion of septic patients was
only slightly lower, we do not believe that it had a substantive impact on our results.
Moreover, we would expect the inclusion of slightly fewer septic patients to lead to more
conservative estimates of the impact of G-CSF and clinical outcomes and could in fact
slightly underestimate the impact of G-CSF on clinical outcomes.
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Conclusions
Our study identifies G-CSF as a biomarker with unique characteristics in ALI/ARDS
compared to those previously described (56). We find a bimodal association between
baseline plasma G-CSF levels and subsequent morbidity and mortality from this disease.
This finding suggests a complex role for G-CSF in the innate immune response and the
delicate balance between critical host defense and catastrophic inflammatory injury.
Furthermore these findings may shed some light on heretofore ambiguous results of multiple
clinical trials of G-CSF therapy in critical illness, and suggest the possibility that, following
confirmation our findings, a more targeted approach in the use of this cytokine might be
more efficacious in the future. Further investigation of the complex role of G-CSF in critical
illness is warranted.
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Figure 1. Relationship between baseline plasma G-CSF level and subsequent mortality
Spline analysis of the relationship between baseline plasma G-CSF levels and subsequent
mortality reveals the existence of a U-shaped curve with rising mortality at both the lowest
and highest G-CSF levels.
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Table 1

Baseline characteristics among those with and without available baseline G-CSF levels

Variable Included in
study (n=645)

No G-CSF
levels (n=257)

P value for
comparison

Age (yrs) 51 (17) 53 (18) 0.17

Sex (% female) 264 (41%) 103 (40%) 0.81

Ventilator group 303 (47%) 126 (49%) 0.58

Sepsis as risk
factor for ALI

156 (24%) 80 (31%) 0.03

APACHE III 77 (28) 76 (27) 0.92

Creatinine 1.6 (1.5) 1.7 (1.7) 0.61

Platelets 155 (111) 163 (114) 0.33

PaO2/FiO2 132 (65) 129 (60) 0.51

*
There were a total of 902 subjects who participated in the ARMA, LARMA, and KARMA studies.

Continuous variables are expressed as mean (sd); categorical variables as n (%).
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Table 2

Quartile of baseline G-CSF level and patient outcomes

Outcome G-CSF
range
(pg/mL)

Ventilator-free
days

Organ failure-free
days

Mortality
OR (95% CI)

Mean difference
(95% CI)

Mean difference
(95% CI)

Quartile 1 0 – 77.9 0.6 (−1.7 to 2.8) −0.7 (−3.0 to 1.5) 1.28 (0.79 to 2.07)

Quartile 2(referent) 78.0 – 190.2 0 0 1.0

Quartile 3 190.8 – 595.6 −0.2 (−2.5 to 2.0) −1.4 (−3.6 to 0.9) 0.99 (0.60 to 1.62)

Quartile 4 602.1 – 555874.5 −2.8 (−5.0 to −0.5)* −4.4 (−6.7 to −2.2)* 1.70 (1.06 to 2.75)*

All analyses control for age, sex, and ventilator group. Quartile 2 is used as referent to the nonlinear relationship between G-CSF levels and
outcomes.

Ventilator-free days and organ failure-free days are mean days compared to referent group

Mortality is odds ratio compared to reference group.

*
p<0.05
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Table 3

Quartile of baseline G-CSF level and patient outcomes by sepsis status

Outcome Ventilator-free days Organ failure-free days Mortality

Mean difference
(95% CI)

Mean difference
(95% CI)

OR (95% CI)

Sepsis (n=156)

Quartile 1 −4.7 (−9.5 to 0.1) −6.2 (−10.5 to −1.8) 3.20 (1.03 to 10.0)

Quartile 2 (referent) 0 0 1.0

Quartile 3 −6.9 (−11.2 to −2.6)* −6.7 (−10.6 to −2.7)* 3.16 (1.13 to 8.80)*

Quartile 4 −8.1 (−12.3 to −3.9)* −8.3 (−12.1 to −4.5)* 4.18 (1.52 to 11.52)*

No Sepsis (n=488)

Quartile 1 2.0 (−0.6 to 4.6) 0.4 (−2.2 to 3.0) 1.05 (.61 to 1.80)

Quartile 2 (referent) 0 0 1.0

Quartile 3 1.9 (−0.7 to 4.6) 0.5 (−2.1 to 3.2) 0.63 (0.35 to 1.14)

Quartile 4 −0.9 (−3.5 to 1.8) −2.9 (−5.6 to −0.2)* 1.26 (0.72 to 2.18)

All analyses control for age, sex, and ventilator group. Quartile 2 is used as referent due to the nonlinear relationship between G-CSF levels and
outcomes.

Ventilator-free days and organ failure-free days are mean days compared to referent group

Mortality is odds ratio compared to reference group

*
p<0.05
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Table 4

Quartile of baseline G-CSF level and patient outcomes by sepsis status and controlling for disease severity

Outcome Ventilator-free days Organ failure-free days Mortality

Mean difference (95%
CI)

Mean difference
(95% CI)

OR (95% CI)

Sepsis (n=156)

Quartile 1 −5.45 (−10.26 to −0.64)* −8.33 (−12.53 to −4.12)* 4.31 (1.28 to 14.52)*

Quartile 2 (referent) 0* 0* 1.0*

Quartile 3 −6.80 (−11.09 to −2.51)* −7.14 (−10.89 to −3.38)* 3.29 (1.12 to 9.63)*

Quartile 4 −6.12 (−10.48 to −1.77)* −6.67 (−10.48 to −2.85)* 3.18 (1.08 to 9.36)*

No Sepsis (n=488)

Quartile 1 1.27 (−1.23 to 3.78) −0.03 (−2.45 to 2.39) 1.17 (0.66 to 2.06)

Quartile 2 (referent) 0 0 1.0

Quartile 3 1.86 (−0.74 to 4.46) 1.31 (−1.20 to 3.81) 0.54 (0.29 to 1.02)

Quartile 4 0.96 (−1.69 to 3.61) 0.10 (−2.45 to 2.66) 0.79 (0.44 to 1.45)

Analyses controls for age, sex, ventilator group, APACHE III score, PaO2/FIO2 ratio, creatinine, and platelet count. Quartile 2 is used as referent
due to the nonlinear relationship between G-CSF levels and outcomes.

Ventilator-free days and organ failure-free days are mean days compared to referent group

Mortality is odds ratio compared to reference group

*
p<0.05
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Table 6

Quartile of baseline G-CSF level and patient outcomes by direct vs. indirect lung injury

Type of lung injury Ventilator-free days Organ failure-free days Mortality

Mean difference (95% CI) Mean difference (95% CI) OR (95% CI)

Direct (n=301)

Quartile 1 1.27 (−2.03 to 4.57) −0.46 (−3.73 to 2.81) 1.01 (0.52 to 1.93)

Quartile 2 (referent) 0 0 1.0

Quartile 3 1.92 (−1.76 to 5.89) −0.59 (−4.23 to 3.05) 0.62 (0.29 to 1.34)

Quartile 4 0.016 (−3.55 to 3.59) −2.05 (−5.59 to 1.48) 0.93 (0.46 to 1.90)

Indirect (n=344)

Quartile 1 0.22 (−3.06 to 3.50) −1.35 (−4.56 to 1.86) 1.48 (0.70 to 3.12)

Quartile 2 (referent) 0 0 1.0

Quartile 3 −1.79 (−4.69 to 1.11) −2.07 (−4.91 to 0.77) 1.45 (0.74 to 2.85)

Quartile 4 −4.92 (−7.85 to −1.99)* −6.40 (−9.27 to −3.54)* 2.87 (1.48 to 5367)*

Direct lung injury = bacterial/aspiration pneumonia.

All analyses control for age, sex, and ventilator group. Quartile 2 is used as referent due to the nonlinear relationship between G-CSF levels and
outcomes.

Ventilator-free days and organ failure-free days are mean days compared to referent group

Mortality is odds ratio compared to reference group

*
p<0.05
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