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Appendices

Appendix A. Exclusion Criteria for the Improving Care of Acute Lung Injury Patients (ICAP) Study

 More than 96 hours between acute lung injury/acute respiratory distress syndrome 

(ALI/ARDS) diagnosis and enrollment

 More than 5 days of mechanical ventilation during present hospitalization before 

enrollment

 Pre-existing ALI/ARDS upon transfer to a study ICU

 Pre-existing illness with life expectancy less than 6 months

 Any limitation of care at the time of enrollment, other than a sole Do Not Resuscitate 

(DNR) order

 Previous lung resection

 Inability to speak or understand English

 No fixed address
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Appendix B. Availability of outcome measures at each follow-up time point

Outcome availability 6MWD Muscle Strength
Normalized PF 

Score
ADL 

Dependencies

Non-missing at 3 months 114 (58.5%) 132 (67.7%) 155 (79.5%) 169 (86.7%)

Missing 3 month, known at 6 months 37 (19.0%) 34 (17.4%) 29 (14.9%) 25 (12.8%)

Missing 3 month, known at 12 months 12 (6.2%) 10 (5.1%) 2 (1.0%) 1 (0.5%)

Missing all three 32 (16.4%) 19 (9.7%) 9 (4.6%) 0 (0.0%)
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Appendix C. Scatterplots of hemoglobin at ICU and hospital discharge (x-axes) by physical 
outcomes (y-axes) with Locally Weighted Scatterplot Smoothing (LOWESS). 

Hemoglobin values provided in g/dL. Linearity assumptions for hospital discharge hemoglobin and 6MWD 
relationships were assessed using restricted cubic splines and a likelihood ratio test comparing a linear relationship 
with the flexible spline relationship. This analysis demonstrated no lack of fit with the reduced linear relationship so a 
linear relationship was used in the regression modelling.
6MWD – six minute walk distance; PF - normalized 36-Item Short-Form Health Survey [SF-36] v2 physical function 
(PF) score; ADL – activities of daily living.
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Appendix D. Hemoglobin concentrations from study enrollment to hospital discharge.
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Appendix E. Complete Model Summary including Non-Hemoglobin Covariates in Multivariable Linear Regression Models

Muscle Strength (% of max 
score) 6MWD % Predicted 6MWD (feet) Normalized PF Score # ADL Dependencies

Covariate Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value

    ICU discharge hemoglobin (per 1 g/dL) 0.7 (-0.9, 2.3) 0.37 3.7 (0.8, 6.5) 0.01 56 (3, 108) 0.04 0.8 (-0.3, 1.9) 0.15 -0.2 (-0.4, -0.1) 0.02

    Age (per 10 year increase) -1.8 (-3.7, 0.1) 0.06 -1.2 (-4.6, 2.2) 0.49 -96 (-158, -33) 0.003 -1.4 (-2.8, 0.0) 0.05 0.2 (-0.0, 0.4) 0.05

    Male sex 2.2 (-2.8, 7.2) 0.39 1.3 (-8.4, 11.1) 0.79 123 (-57, 304) 0.18 0.3 (-3.3, 3.9) 0.86 0.2 (-0.3, 0.7) 0.34

    FCI score (per 1 unit) 0.2 (-1.6, 2.1) 0.79 -1.6 (-5.3, 2.0) 0.37 -45 (-109, 18) 0.16 -1.2 (-2.4, 0.1) 0.06 0.1 (-0.1, 0.3) 0.16

    Pre-existing anemia 1.0 (-8.1, 10.1) 0.83 -1.6 (-18.5, 15.3) 0.85 -48 (-350, 255) 0.76 -0.7 (-7.3, 5.9) 0.84 0.6 (-0.4, 1.5) 0.23

    Baseline ADL dependencies (per 1) -5.4 (-10.2, -0.6) 0.03 -5.6 (-14.6, 3.4) 0.22 -77 (-239, 85) 0.35 -0.5 (-4.0, 3.0) 0.80 0.6 (0.1, 1.1) 0.01

    Baseline PF score (per 1 unit) -0.0 (-0.3, 0.2) 0.85 0.2 (-0.2, 0.6) 0.36 4 (-4, 12) 0.31 0.3 (0.1, 0.4) 0.003 -0.0 (-0.0, 0.0) 0.73

    APACHE-II score (per 1 unit) 0.2 (-0.2, 0.5) 0.28 0.2 (-0.5, 0.8) 0.60 4 (-8, 15) 0.56 0.1 (-0.1, 0.4) 0.26 -0.0 (-0.0, 0.0) 0.35

    Dialysis in the ICU (yes vs. no) -5.1 (-11.5, 1.3) 0.12 3.0 (-8.2, 14.2) 0.60 18 (-192, 228) 0.87 -0.0 (-4.7, 4.7) 1.00 -0.1 (-0.7, 0.6) 0.86

    Duration of bedrest (per 1 day) -0.3 (-0.5, -0.0) 0.04 -0.5 (-1.0, -0.1) 0.01 -10 (-18, -2) 0.02 -0.2 (-0.4, -0.0) 0.02 0.1 (0.1, 0.1) <.001

    Non-medical ICU admission 3.5 (-3.2, 10.1) 0.31 -3.5 (-15.5, 8.5) 0.56 -63 (-290, 164) 0.58 2.9 (-1.6, 7.3) 0.20 0.0 (-0.6, 0.7) 0.94

    Physical therapy in ICU (yes vs. no) 0.7 (-4.6, 6.1) 0.78 -2.4 (-11.6, 6.9) 0.62 -57 (-233, 120) 0.53 -0.5 (-4.3, 3.2) 0.79 -0.1 (-0.6, 0.4) 0.73

    RBC units (per 1 unit) -2.1 (-7.4, 3.2) 0.43 -10.9 (-20.4, -1.5) 0.02 -208 (-383, -34) 0.02 -3.3 (-7.0, 0.4) 0.08 0.0 (-0.5, 0.6) 0.89

Mean estimates and p-values were analyzed using multivariable linear regression models
6MWD – 6-minute walk distance; ICU –intensive care unit; PF – normalized 36-Item Short-Form Health Survey [SF-36] v2 physical function (PF) score; ADL – activities of daily living
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Appendix F. Associations between hemoglobin and exercise capacity with exclusion of 15 patients with 
inability to ambulate at 3-month follow-up

6MWD % Predicted 6MWD (ft)
Exposure Mean (95% CI) p-value Mean (95% CI) p-value

Hemoglobin at ICU discharge
    Per 1 g/dL increase 3.7 (0.8, 6.6) 0.01 55 (4, 106) 0.04

    Mild/no anemia (ref: severe)* 11.6 (-1.8, 25.0) 0.09 237 (-10, 484) 0.06

    Moderate anemia (ref: severe)* 15.9 (1.8, 29.9) 0.03 279 (22, 535) 0.03

Hemoglobin at hospital discharge
    Per 1 g/dL increase 1.8 (-1.1, 4.7) 0.23 25 (-27, 77) 0.34

    Mild/no anemia (ref: severe)* -0.6 (-18.1, 16.8) 0.94 -9 (-330, 311) 0.95

    Moderate anemia (ref: severe)* 4.8 (-12.7, 22.4) 0.59 65 (-256, 387) 0.69
Estimate and p-values are adjusted for age, sex, functional comorbidity index score, pre-existing hemoglobinopathy or 
outpatient anemia treatment, number of baseline ADL dependencies, baseline SF-36v2 Physical Function score, ICU 
admission APACHE II score, dialysis in the ICU (any versus none), duration of bedrest (number of days), type of ICU 
admission (medical vs. other), physical therapy in the ICU (any versus none), and cumulative number of RBC units transfused 
during ICU admission.  

6MWD – 6-minute walk distance; ICU –intensive care unit

*Anemia categories defined by the following: mild/none – hemoglobin >10 g/dL; moderate – hemoglobin >8.0 and <10 g/dL; 
hemoglobin <8 g/dL.
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Appendix G. Associations between Hemoglobin and  Outcomes Using Multivariable Regression Models with Exclusion of Patients Missing all Follow-Up Data*

Muscle Strength (% score) 
(N=176)

6MWD % Predicted 
(N=163)

6MWD (ft) 
(N=163)

Normalized PF Score 
(N=186)

# ADL Dependencies 
(N=195)

Exposure Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) § p-value Mean (95% CI) § p-value Mean (95% CI) § p-value

Hemoglobin at ICU discharge

    Per 1 g/dL increase 1.0 (-0.6, 2.6) 0.21 3.7 (0.8, 6.6) 0.01 55 (4, 106) 0.04 0.9 (-0.2, 2.0) 0.09 -0.2 (-0.4, -0.0) 0.02

    Mild/no anemia (ref: severe)** 3.1 (-4.5, 10.8) 0.42 11.6 (-1.8, 25.0) 0.09 237 (-10, 484) 0.06 3.8 (-1.5, 9.2) 0.16 -1.4 (-2.2, -0.6) <.001

    Moderate anemia (ref: severe)** 3.5 (-4.5, 11.5) 0.39 15.9 (1.8, 29.9) 0.03 279 (22, 535) 0.03 4.6 (-1.0, 10.2) 0.11 -1.1 (-1.9, -0.3) 0.008

Hemoglobin at hospital discharge

    Per 1 g/dL increase 0.7 (-0.8, 2.3) 0.34 1.8 (-1.1, 4.7) 0.23 25 (-27, 77) 0.34 0.5 (-0.5, 1.6) 0.34 -0.1 (-0.3, 0.0) 0.13

    Mild/no anemia (ref: severe)** -0.8 (-10.5, 8.8) 0.87 -0.6 (-18.1, 16.8) 0.94 -9 (-330, 311) 0.95 -3.2 (-9.9, 3.6) 0.36 0.4 (-0.6, 1.4) 0.45

    Moderate anemia (ref: severe)** 0.8 (-8.9, 10.4) 0.88 4.8 (-12.7, 22.4) 0.59 65 (-256, 387) 0.69 -0.5 (-7.2, 6.2) 0.89 0.1 (-0.9, 1.1) 0.82

Estimate and p-values are adjusted for age, sex, functional comorbidity index score, pre-existing hemoglobinopathy or outpatient anemia treatment, number of baseline ADL dependencies, 
baseline SF-36v2 Physical Function score, ICU admission APACHE II score, dialysis in the ICU (any versus none), duration of bedrest (number of days), type of ICU admission (medical vs. 
other), physical therapy in the ICU (any versus none), and cumulative number of RBC units transfused during ICU admission.   

Hb – hemoglobin; 6MWD – 6-minute walk distance; ICU –intensive care unit; PF – normalized 36-Item Short-Form Health Survey [SF-36] v2 physical function (PF) score; ADL – activities of 
daily living

*Sensitivity analyses performed by excluding patients missing follow-up outcomes assessments at all time points (3-, 6- and 12-month time points) whose 3-month outcome data was 
imputed, in the primary analysis, solely based on baseline and ICU data, rather than on baseline and ICU data, plus 6- and/or 12-month outcomes data.

**Anemia categories defined by the following: mild/no anemia – hemoglobin >10 g/dL; moderate anemia – hemoglobin >8.0 and <10 g/dL; severe anemia (reference) - hemoglobin <8 g/dL.
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Appendix H. Associations between Hemoglobin and Raw 3-Month Outcomes Using Multivariable Regression Models.

Muscle Strength (% of 
maximum score)

6MWD % Predicted 6MWD (ft) Normalized PF Score # ADL Dependencies

Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value

Hemoglobin at ICU discharge

    Per 1 g/dL increase 1.2 (-0.5, 2.9) 0.17 4.4 (1.2, 7.6) 0.007 52.1 (-5.5, 109.8) 0.08 0.4 (-0.8, 1.7) 0.52 -0.2 (-0.4, -0.0) 0.046

    Mild/no anemia (ref: severe)* 5.5 (-3.5, 14.5) 0.23 9.1 (-12.6, 30.7) 0.41 182.5 (-149.4, 514.5) 0.28 2.4 (-4.3, 9.0) 0.49 -1.4 (-2.3, -0.5) 0.003

    Moderate anemia (ref: severe)* 5.8 (-2.7, 14.4) 0.18 0.5 (-20.0, 21.0) 0.96 107.5 (-207.4, 422.5) 0.50 3.2 (-3.1, 9.5) 0.32 -1.9 (-2.8, -1.0) <.001

Hemoglobin at hospital 
discharge

    Per 1 g/dL increase 0.9 (-0.7, 0.3) 0.28 2.5 (-0.7, 5.7) 0.13 28.7 (-29.4, 86.7) 0.33 0.4 (-0.8, 1.6) 0.50 -0.1 (-0.3, 0.0) 0.14

    Mild/no anemia (ref: severe)* 2.9 (-7.1, 12.9) 0.57 4.5 (-15.6, 24.6) 0.66 -32.7 (-388.7, 323.3) 0.86 0.5 (-7.1, 8.1) 0.90 -0.3 (-1.3, 0.8) 0.66

    Moderate anemia (ref: severe)* 1.1 (-9.1, 11.3) 0.84 4.4 (-16.6, 25.3) 0.68 -67.4 (-426.9, 292.1) 0.71 -1.0 (-8.6, 6.6) 0.81 -0.0 (-1.1, 1.1) 0.95

Estimate and p-values are adjusted for age, sex, functional comorbidity index score, pre-existing hemoglobinopathy or outpatient anemia treatment, # of baseline ADL dependencies, 
baseline normalized SF-36 PF score, admission APACHE II score, dialysis in the ICU (any versus none), duration of bedrest (days), type of ICU admission (medical vs. other), physical 
therapy in the ICU (any versus none), and cumulative number of RBC units transfused during ICU admission.  See text for further details and supplemental Table 2 for complete model 
parameter estimates.  
6MWD – 6-minute walk distance; ICU –intensive care unit; PF – normalized physical function score from the 36-item Short Form Health Survey version 2; ADL – activities of daily living

*Anemia categories defined by the following: mild/no anemia – hemoglobin >10 g/dL; moderate anemia – hemoglobin >8.0 and <10 g/dL; severe anemia (reference) - hemoglobin <8 g/dL. 
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Physical outcomes at 3-months by anemia severity at the time of ICU discharge. 
Panel A –muscle strength as percent of the maximum Medical Research Council sumscore; Panel B – 6-

minute walk distance (6MWD) as percent of predicted; Panel C – normalized physical function score from the 
36-item Short Form Health Survey (SF-36) version 2.  Anemia categories at the time of ICU discharge: 
severe – hemoglobin <8 g/dL; moderate – hemoglobin 8.0 – 9.9 g/dL; mild – hemoglobin >10 g/dL and 

<12.0 g/dL (female) or 13.5 g/dL (male); and none – hemoglobin >12.0 g/dL (female) or 13.5 g/dL (male). 
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