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Abstract

Background/Objective: Pediatric neurocritical care survivorship is frequently accompanied 

by functional impairments. Lack of prognostic biomarkers is a barrier to early identification 

and management of impairment. We explored the association between blood biomarkers and 

functional impairment in children with acute acquired brain injury.
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Methods: Secondary analysis of a randomized control trial evaluating early versus usual care 

rehabilitation in the pediatric intensive care unit (PICU). Forty-four children (17 [39%] female, 

median age 11 [interquartile range 6-13] years) with acute acquired brain injury admitted to the 

PICU were studied. A single center obtained serum samples on admission days 0, 1, 3, 5, and 

the day closest to hospital discharge. Biomarkers relevant to brain injury (neuron specific enolase 

[NSE], S100b), inflammation (interleukin [IL- 6], C-reactive protein [CRP]), and regeneration 

(brain derived neurotrophic factor [BDNF], vascular endothelial growth factor [VEGF]) were 

collected. Biomarkers were analyzed using a Luminex® bioassay. Functional Status Scale (FSS) 

scores were abstracted from the medical record. New functional impairment was defined as a 

(worse) FSS score at hospital discharge compared to pre-PICU (baseline). Individual biomarker 

fluorescence index (FI) values for each sample collection day were correlated with new functional 

impairment using Spearman rank correlation coefficient (ρ). Trends in repeated measures of 

biomarker FI over time were explored graphically, and the association between repeated measures 

of biomarker FI and new functional impairment were analyzed using covariate adjusted linear 

mixed effect models.

Results: Functional impairment was inversely correlated with markers of regeneration and 

plasticity including BDNF at day 3 (ρ= −.404, p=.015), day 5 (ρ= −.549, p=.005) and hospital 

discharge (ρ= −.420, p=.026), and VEGF at day 1 (ρ= −.282, p=.008) and hospital discharge (ρ= 

−.378, p=.047), such that lower levels of both markers at each time point were associated with 

greater impairment. Similarly, repeated measures of BDNF and VEGF were inversely correlated 

with new functional impairment (B=−.001, p=.001and B=−.001, p=.003, respectively). NSE, a 

biomarker of acute brain injury, showed a positive correlation between day 0 levels and new 

functional impairment (ρ=.320, p=.044).

Conclusions: Blood-based biomarkers of regeneration and plasticity may hold prognostic utility 

for functional impairment among pediatric patients with neurocritical illness and warrant further 

investigation.
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Introduction

In highly resourced pediatric intensive care units (PICUs), mortality has become an 

uncommon event while acquisition of new morbidities impairing function has increased [1]. 

Children admitted to the PICU with acute neurologic injuries have 4 to 6 times the mortality 

rate of the general PICU population [2]. Furthermore, neurocritical care survivors are at high 

risk for acquired cognitive, physical, social, and emotional health morbidities, collectively 

referred to as Post-Intensive Care Syndrome in Pediatrics (PICS-p)[3]. Recovery trajectories 

vary by neurological condition, age, and rehabilitation response[1,4–8]. In a prospective 

cohort study on functional outcomes post-PICU, Choong and colleagues found that acute 

neurologic condition was the greatest predictor of unfavorable functional outcomes 6 months 

post discharge after controlling for illness severity and pre-PICU functioning [5].
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Healthcare utilization is high among ICU survivors with associated post hospital healthcare 

costs ranging from $18,847–$148,454 during the first year following ICU discharge in 

the United States (US) in 2011 [9]. Furthermore, children with neurologic diagnoses are 

3 times as likely to be admitted to the ICU, have longer lengths of stay (LOS), and 

greater hospital costs compared to other hospitalized children[10]. Emerging evidence 

suggests early ICU-based rehabilitative therapy holds potential for improving functional 

recovery [11]. However, the lack of validated screening tools that facilitate early PICU-

based assessment of children at higher-risk for new functional impairment is a barrier to 

identifying those who could benefit from rehabilitation services.

Blood-based biomarkers are potential clinical tools to elucidate risk of future functional 

impairment. In critically ill adults, inflammatory biomarkers including C-reactive protein 

(CRP), Interleukin-6 and 10 (IL-6, IL-10), and regeneration biomarker brain derived 

neurotrophic factor (BDNF) measured early after admission (e.g., within 24-48 hours) 

and at ICU discharge predicted post-discharge mortality and functional recovery [12–15]. 

In children with specific neurocritical conditions (e.g., traumatic brain injury [TBI] and 

cardiac arrest), brain injury-based biomarkers (e.g., neuron specific enolase and S100b) 

have been assessed for diagnostic and prognostic properties [16–22]. However, markers of 

regeneration and plasticity have not been tested to prognosticate outcome in acute pediatric 

acute acquired brain injury. A validated screening tool that includes patient characteristics 

and biomarkers could facilitate personalized approaches to prognostication, therapeutic 

interventions, and to monitor response to interventions.[17,21,23–25].

Our objective was to perform an exploratory analysis of the relationships among blood-

based biomarkers of injury, inflammation, regeneration and plasticity with child functional 

outcome status among survivors of neurocritical illness who participated in a trial of ICU-

based rehabilitation. We hypothesized that these serum biomarkers of injury, inflammation, 

and regeneration during the PICU stay would predict functional impairment at hospital 

discharge.

Methods

Design and Setting.

We utilized data from a randomized control pilot trial evaluating the safety and feasibility 

of an early, protocolized rehabilitation intervention in the PICU compared to usual care 

[7]. The University of Pittsburgh Institutional Review Board approved the parent trial at 

the UPMC Children’s Hospital of Pittsburgh (CHP) (NCT02209935). Children enrolled 

at the Ann & Robert H. Lurie Children’s Hospital of Chicago and Cincinnati Children’s 

Hospital Medical Center did not have blood samples collected, and thus, were not included 

in this biomarker study. Informed consent was obtained from each child’s parent or guardian 

(hereinafter referred to as “caregiver”) by the study coordinator or site investigator, and 

assent was obtained from the child when appropriate.
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Sample.

Eligible children (N=44) were between 3 and 17 years of age and enrolled at CHP 

with expected PICU stay of >2 days and diagnosed with one of the following acute 

brain conditions: TBI, cardiac arrest, stroke, brain mass, or central nervous system 

(CNS) infection or inflammation. Children with non-English speaking caregivers, a do-not-

resuscitate (DNR) status, expected survival of less than 24 hours, or severe neurological 

dysfunction at baseline as indicated by a Pediatric Cerebral Performance Category (PCPC) 

score 4-5 (4=severe disability and 5=persistent vegetative state) were excluded [26]. For 

the purposes of this study, only children with blood samples who were living at hospital 

discharge and <18 years old were included.

Data Collection and Measures.

We sought to explore the association between blood biomarkers and functional impairment 

in pediatric patients with acute acquired brain injury, data from both groups (intervention 

and control) were combined for all analyses. Data used for this study were collected at 

study enrollment and throughout hospitalization via medical record abstraction and caregiver 

report.

Functional Impairment.—The primary outcome measure was new functional impairment 

as captured by the Functional Status Scale (FSS). The FSS rates items from 1 (normal) 

to 5 (very severe dysfunction) over 6 domains (mental status, sensory, communication, 

motor function, feeding, and respiratory) for a total score of 6 (normal)-30 (very severe 

dysfunction) [27]. Pre-PICU and hospital discharge FSS scores were assigned by the site 

study team using chart review; study team members were blinded to biomarker levels. 

Although the FSS domains descriptions are specific, each subdomain score description 

remains inclusive to allow for data obtained from thorough chart review. To capture new 

functional impairment, a change score was created by subtracting pre-PICU FSS from FSS 

score at hospital discharge. This change score was included as a continuous outcome for the 

Spearman Rank test and for the mixed effect models. To explore sample characteristics, this 

score was dichotomized into groups of FSS change score of < 3 or FSS change score of ≥ 3 

as described by Pollack et al .[28]

Serum Biomarkers.—Blood samples were collected, processed, and stored on PICU 

admission day 0, 1, 3, and 5, and closest to hospital discharge (the longest hospital stay 

was 42 days) either prospectively using an existing vascular access or from remnant, banked 

hospital laboratory specimens. Dates were purposefully selected to represent biomarkers 

levels across the hospital stay. Serum biomarkers were analyzed using a custom Luminex 

high sensitivity bead bioassay at the University of Pittsburgh Luminex Core Facility. The 

bioassay measured biomarkers of brain injury (neuron specific enolase [NSE], S100b), 

regeneration (brain derived neurotrophic factor [BDNF], vascular endothelial growth factor 

[VEGF]), and inflammation (interleukin [IL- 6], C-reactive protein [CRP]). Biomarker 

concentrations were calculated by subtracting the background fluorescence from the sample 

fluorescence and are reported as fluorescence index (FI) (arbitrary units). FI values were 

included individually by day and as a time variant (i.e., repeated measure) variable across 

days for between person analyses.
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Child and Clinical Characteristics.—Medical condition, illness severity (Pediatric 

Index of Mortality [PIM] score), hospital LOS and PICU LOS, duration of mechanical 

ventilation, discharge disposition, and demographic data (age, gender) were collected via 

medical chart abstraction.

Statistical Analysis.

Categorical variables are presented as frequencies or percentages. Continuous variables 

are presented as medians with interquartile ranges (IQR). Fisher’s exact test was used for 

categorical variables and Wilcoxon rank sum test was used for continuous variables, as data 

were not normally distributed.

Between day comparisons.—The strength of the relationship between individual 

biomarker FI values by day with new functional impairment at hospital discharge were 

assessed using Spearman rank correlation coefficient (ρ). Biomarker FI values over time 

were explored graphically using error bars with 95% confidence intervals.

Between person comparisons.—The association between repeated (daily) measures 

of biomarker FI values within participants and new functional impairment were explored 

using linear mixed effect models with fixed intercepts. Assumptions were checked and 

this approach was appropriate for our data Before analyses, an unadjusted model was 

run to explore within and between participant variability on new functional impairment. 

The intraclass correlation coefficient for this model was 0.98, demonstrating that most of 

the variability was between participants. However, we proceeded with nesting our data as 

repeated biomarker values as level 1 and the participant as level two to ensure separate 

effects were measured. All predictors were then cluster mean centered (i.e., centered on 

participant mean scores) before running mixed effects models. Given the small sample size, 

we ran a mixed effect model for each biomarker. Each model included the main effects of 

the biomarker, time of biomarker collection (day 0, 1, 3, 5, and hospital discharge), and 

illness severity as measured by the PIM. Missing data were not imputed, given mixed-effect 

models ability to handle missing observations [29], but are reported for each biomarker in 

Tables 2, 4, and 5.

All analyses were conducted using Stata (StataCorp LLC, College Station, Texas) and SPSS 

version 26 using the GENLINMIXED procedure.

Results

As shown in Table 1, the median age for the study cohort was 11 (IQR: 6-14) years, and 

the majority were male (61%) and received mechanical ventilation (74%). The median PIM 

score was 3.38 (IQR: 1.29-16.88), and the most frequent neurocritical illness was brain 

mass (32%) followed by TBI (27%). There were no statistically significant differences in 

age, sex, condition, or illness severity score between children with FSS < 3 and FSS ≥ 

3 at hospital discharge. There was no difference between parent trial group assignment 

(ICU-based rehabilitation n=20 [46%] and usual care n=24 [34%]) and new functional 

impairment. Compared to children with FSS change of < 3, those with an FSS change of ≥ 3 

had a longer hospital LOS (20 [9–28] versus 11 [7–18] days, p=.027) and were more likely 
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to be discharged to inpatient rehabilitation (77% versus 19%, p=.001). Figure 1 displays the 

trajectories of biomarkers by day for children with FSS change of < 3 and ≥ 3.

Serum biomarker concentrations and functional status

Brain Injury.—Increased NSE on day 0 was weakly correlated with worse functioning (ρ 
= .320, p=.044) (Table 2). The mixed effect model showed no association between repeated 

measures of NSE levels with new functional impairment (Table 3) when controlling for 

illness severity and time.

Inflammation.—There were no significant correlations between CRP or IL-6 with new 

functional impairment (Table 4). Similarly, the mixed effect models showed no association 

between repeated measures of CRP and IL6 levels with new functional impairment when 

controlling for illness severity and time (Table 3).

Regeneration and Plasticity.—BDNF levels on day 3, day 5, and hospital discharge 

were inversely correlated with functional impairment at hospital discharge (ρ = −.404, p 

=.015; ρ = −.529, p=.005; and ρ = −.420, p=.026, respectively) (Table 5). VEGF levels 

on day 1 and hospital discharge were inversely correlated with new functional impairment 

at hospital discharge (ρ = −.282, p=.008 and ρ = −.378, p=.047, respectively). In the 

mixed effect model, repeated measures of increased BDNF and VEGF levels (i.e., measures 

across days) were both inversely associated with new functional impairment (both β = 

−0.001, p=.003 and p=.001, respectively) when controlling for illness severity and time 

post-admission (Table 3).

Discussion

Most children survive neurocritical illness, however many acquire new functional 

morbidities, known as PICS-p, which may not be apparent until later in their hospital 

course or with reintegration into the community and resuming previous activities [3,30]. 

Early recognition and treatment of children at risk for developing new functional impairment 

is a critical next step in advancing care and improving outcomes for pediatric critical 

care survivors. However, screening tools that predict future new functional impairment 

are unavailable for this population. Our preliminary results suggest that serum levels of 

regeneration biomarkers BDNF and VEGF measured in the hospital may serve a novel role 

in screening for the development of new functional impairment among survivors of pediatric 

neurocritical illness. Given the inverse associations that we observed with functional status, 

low serum levels of BDNF and VEGF may inform the future development of functional 

impairment.

Brain injury biomarkers.

Increased blood NSE and S100b concentrations show promise to distinguish between 

abusive head trauma and accidental TBI and predicting outcome after cardiac arrest 

[17,18,22,31]. The half-lives and trajectories of NSE and S100b vary by condition studied 

and cellular origin, with both S100b and NSE peaking earlier in TBI compared to cardiac 

arrest and S100b peaking earlier than NSE in both conditions [17,32–38]. Thus, in our 
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current study, the association between NSE levels and new functional impairment was only 

significant early after admission, and the lack of association with S100b and other NSE time 

points may be in part explained by blood sampling timing in relation to biomarker trajectory 

post-insult (e.g., S100b and NSE peak earlier in TBI vs. cardiac arrest patients) [22]. While 

there is increasing evidence that NSE and S100b have prognostication value, their use to 

predict functional outcome in neurocritical illness may warrant further research in a larger 

trial to elucidate their roles as screening tools; however, our findings suggest that BDNF 

and VEGF may have some promise in identifying new functional impairment, and perhaps, 

have potential to identify candidates that should be carefully evaluated for rehabilitation 

services. It may also be helpful in future studies to explore blood biomarkers specific to 

brain injury, such as Ubiquitin C-terminal hydrolase L1 (UCHL1) and glial fibrillary acidic 

protein (GFAP) measured serially during acute injury and recovery. [39] Such studies should 

consider adjusting for relevant covariates, such as illness severity, age, and type of injury 

(e.g., hypoxic brain injury or TBI) when establishing the association of these brain-based 

biomarkers with functional recovery.

Inflammation biomarkers.

IL-6 and CRP are biomarkers of inflammation, which commonly accompanies neurocritical 

illness [40,41]. We did not find an association between IL-6 or CRP and new functional 

impairment at any individual time point or over time, despite the growing body of evidence 

that persistent inflammation negatively affects outcomes following neurocritical and non-

neurocritical illness [40,42,43]. Acutely increased levels of IL-6 and other cytokines both 

in the CSF and serum have been associated with mortality and poor outcome in adults 

and children with TBI, respectively [44–46]. Additionally, inflammation at discharge was 

associated with worse mobility among adults with critical illness, even after adjusting for 

the most likely confounding factors [14]. It is possible our findings may be due in part to 

small sample size or the specific outcome measure selected. In the previously mentioned 

study, mobility was assessed using the Rivermead Mobility Index, which provides slightly 

more detailed information on functional capacities than the FSS. It is also possible that the 

course and/or role of inflammation among children during recovery or after discharge from 

neurointensive care differs importantly from adults. The role of biomarkers of inflammation 

among children who survive neurocritical illness warrants further investigation to ascertain 

its role in identifying children with rehabilitative needs.

Regeneration and plasticity biomarkers.

BDNF is a growth factor that supports neuronal survival, plasticity, memory, and 

myelination during brain development and is notably lower in older age in association 

with hippocampal atrophy and memory dysfunction [47–49]. We found that serum BDNF 

levels in the latter days of hospitalization (Days 3+) were inversely associated with new 

functional impairment among children who survived neurocritical illness; i.e., lower levels 

of BDNF are associated with an increase in new functional impairment. A prior study of 

14 children with acute TBI found serum BDNF levels were higher among children with 

a “good” versus “poor” clinical outcome (Glasgow Outcome Scale score dichotomized 

as 1-3 [poor], 4-5 [good]) with a small effect size (Cohen’s d = .32); however, this 

difference was not statistically significant, possibly due to sample size [50]. In prior 
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research among adults, individuals with TBI had lower levels of serum BDNF compared 

to healthy controls; however, serum BDNF levels 6 days post TBI were positively correlated 

with neuropsychological testing scores evaluating memory domains and also a functional 

cognition scale that measures memory 6 and 12 months post injury [12]. Further, in 

adults who experienced an ischemic stroke, low levels of serum BDNF were significantly 

correlated with poor outcomes 2 and 7 years post injury [51]. These findings are consistent 

with the current study, suggesting a potential role for serum BDNF levels as a screening tool 

for new functional impairment s following brain insult [12,15,51]. Indeed, we speculate that 

low circulating BDNF levels may indicate a failure to initiate recovery processes in plasticity 

that are essential to prevent or mitigate future functional impairment in acute brain injury.

Furthermore, we found an association between repeated measures of BDNF levels captured 

during acute hospitalization with new functional impairment at hospital discharge in children 

after acute brain injury. Similarly, BDNF levels measured post-discharge in adults with 

TBI (12 months after injury) tended to be lower among individuals with worse depression 

scores [12], consistent with previous findings of the role of BDNF in emotional function 

[52–55]. Given the profound impact of depression on other aspects of functional outcomes, 

this association with BDNF may illuminate a way to help target recovery interventions and 

improve outcomes.

VEGF is a mitogen that plays a dual role in promoting angiogenesis and neurogenesis 

during brain development [56]. Interestingly, a rodent study that exposed animals to exercise 

preconditioning prior to TBI showed less sensorimotor and cognitive deficits following 

TBI, with histologic evidence of increased neuronal VEGF compared to rodents without 

preconditioning exercise [57]. Literature on blood VEGF concentrations and outcomes in 

humans after brain injury is limited. Among adults with TBI, high levels of VEGF acutely 

following injury (day 7) is associated with poor outcome, as measured by Glasgow Outcome 

Scale-Extended and Glasgow Coma Scale (GCS) [58,59], while high levels during recovery 

(day 21) is associated with improved neurologic status, as measured by GCS [59]. Our 

finding that lower VEGF levels are associated with new functional impairment suggests 

further investigation of the relationship between VEGF levels with functional outcomes in 

this population is indicated.

While our study was not powered to detect whether randomization groups of the parent 

study modified the relationship between biomarkers and new functional impairment, it is 

possible that receipt of early ICU-based rehabilitation interventions may have contributed to 

the biomarker levels found in our study. For example, a study of healthy adults randomized 

to an aerobic exercise intervention showed increased cortical connectivity on neuroimaging 

in the setting of increased levels of BDNF and VEGF as well as greater connectivity in 

the exercise group with higher pre-intervention VEGF levels compared to the control group 

[60]. Furthermore, in studies assessing healthy adults and adults with a variety of diagnoses 

(e.g., stroke, Parkinson’s disease, or generalized frailty) an exercise intervention resulted in 

increased BDNF levels and improved cognition [60–64]. The feasibility of implementing 

an exercise intervention in children acutely in the PICU suggests the possibility that it 

could represent an excellent approach to increase BDNF levels [7,65] and warrants further 

investigation. It is worth noting that rehabilitation utilization in the PICU remains relatively 
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low, with recent point prevalence study finding that only 32% of the sample receiving a 

physical or occupational therapy consultation by the third day of their PICU stay[66].

In our graphical exploration of regeneration and plasticity biomarkers, individuals with great 

impairment (FSS score change of ≥3 versus FSS score change of < 3) presented with 

lower levels of BDNF and VEGF (Figure 1). These biomarkers may aid in both identifying 

patients who have the most potential to benefit from rehabilitation efforts and monitoring 

their response to rehabilitation. A framework to contextualize biomarker relationships to 

function has been proposed for rehabilitation populations broadly and has been evaluated for 

adults with TBI in particular.[67] Termed “Rehabilomics”, this research model is informed 

by the International Classification of Functioning, Disability and Health, and along with 

biomarkers, considers patient factors, clinical course, and environmental barriers when 

assessing multiple facets of function as a means to inform precision care and personalize 

recovery [67–70]. Our findings may contribute towards development and validation of a 

clinical tool that includes patient characteristics and biomarkers to facilitate personalized 

approaches to prognostication, therapeutic interventions, and monitoring responses to 

interventions for children with acute brain injury. For instance, a patient identified as 

high risk for poor cognitive outcome based on biomarker screening could be enrolled 

in a prescribed “early rehabilitation” regimen targeting cognitive recovery with early 

interventions acutely during critical illness in addition to environmental modifications, such 

as provision of audiobooks or preferred music to improve attention and executive function, 

and caregiver education on strategies to promote their child’s functioning in the home and at 

school [17,21,23–25,71–73].

Limitations

Our study had several limitations. First, biomarkers were collected at both objective (days 

0, 1, 3, 5) and subjective (at hospital discharge) time points, which adds variability in time 

to final biomarker collection. Second, analyses only included functional status impairment at 

hospital discharge, therefore generalizability of our results to long-term functional outcomes 

given the potential for rehabilitation post-discharge remain to be defined. Third, this sample 

came from a pilot RCT on rehabilitation therapy utilization in the PICU and while there 

were no differences on outcome between those who were randomized to the early ICU 

rehabilitation group versus those in usual care group,[7] it is possible that our population 

may have had improved outcomes due to receiving rehabilitation during their stay. Further 

research is needed with adequate sample size to control for relevant covariates, e.g., age, 

and to stratify by endotype in order to explore diagnostic-specific relationship between 

serum biomarkers and functional outcome to validate our findings for generalizability. Next, 

biomarkers often have trajectories that are dependent on population (e.g., age) and injury 

(e.g., specific neurologic condition, severity) characteristics and should be validated with 

consideration of these factors [74].

Lastly, the outcome in our study is a relatively early and gross measure of functional status. 

As research on post-PICU functional recovery continues to evolve, pairing biomarkers 

with long-term, validated outcome measures with normative data references that align with 

International Classification of Functioning, Disability and Health functional domains (e.g., 
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functioning at the level of activity performance and participation) and caregiver priorities 

may improve the accuracy and value of assessing functional outcomes [68,75–77].

Conclusion

Blood biomarkers of regeneration BDNF and VEGF have potential to identify children at 

risk for new functional impairment among pediatric neurocritical care survivors and warrant 

further investigation. Validation studies are needed to test whether clinical integration of 

biomarkers can assist in personalizing rehabilitation planning.
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Figure 1. 
Error bar graphs of mean biomarker levels by day and by change in functional status score

Bars represented 95% confidence interval for the mean. BDNF = Brain-Derived 

Neurotrophic Factor; CRP = C-Reactive Protein; DC = Hospital discharge; FSS = Functional 

Status Scale; IL6 = interleukin-6; NSE = Neuron specific enolase; VEGF = Vascular 

Endothelial Growth Factor, SI00b needs definition
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Table 3.

Linear mixed effects models of repeated measures of biomarkers on development of new functional 

impairment.

B 95% CI p-value

Neuron Specific Enolase Model

 Intercept 2.566 (1.992, 3.140) <.001

 Neuron specific enolase 0.000 (0.000, 0.001) .270

 Time 0.064 (−0.015, 0.143) .111

 Illness severity 0.120 (0.089, 0.151) <.001

S100b Model

 Intercept 2.555 (1.979, 3.131) <.001

 s100b 0.002 (−0.009, 0.014) .699

 Time 0.064 (−0.016, 0.144) .114

 Illness severity 0.117 (0.084, 0.151) <.001

C-Reactive Protein Model

 Intercept 2.552 (1.979, 3.125) <.001

 C-reactive protein 0.000 (0.000, 0.000) .182

 Time 0.081 (0.000, 0.165) .057

 Illness severity 0.114 (0.082, 0.146) <.001

Interleukin-6 Model

 Intercept 2.559 (1.983, 3.135) <.001

 Interleukin-6 0.000 (0.000, 0.000) .857

 Time 0.062 (−0.018, 0.142) .120

 Illness severity 0.120 (0.087, 0.154) <.001

Vascular Endothelial Growth Factor

 Intercept 2.562 (2.002, 3.122) <.001

 Vascular Endothelial Growth Factor −0.001 (−0.002, 0.000) .003

 Time 0.081 (0.003, 0.169) .043

 Illness severity .120 (0.089, 0.150) <.001

Brain-Derived Neurotrophic Factor Model

 Intercept 2.550 (1.993, 3.106) <.001

 Brain-derived neurotrophic factor −0.001 (−0.002, −0.001) .001

 Time 0.096 (0.017, 0.175) .018

 Illness severity 0.106 (0.075, 0.138) <.001
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