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Abstract

Background: The objective of this study was to evaluate the performance of the Healthy 

Aging Brain Care Monitor (HABC-M) as a patient-reported outcome tool to measure cognitive, 

functional, and psychological symptoms among older adults who sustained non-neurologic 

injuries requiring hospital admission.

Materials and Methods: We used data from a multicenter randomized controlled trial to 

evaluate the utility of the HABC-M Self-Report version in older patients recovering from 

traumatic injuries. A total of 143 patients without cognitive impairment were included in the 

analysis. Cronbach’s alpha was used to measure the internal consistency, and Spearman’s rank 

correlation test was used to evaluate the relationship of the HABC-M with standard measures of 

cognitive, functional, and psychological outcomes.

Results: The HABC-M subscales and the total scale showed satisfactory internal consistency 

(Cronbach’s alpha = 0.64 to 0.77). The HABC-M cognitive subscale did not correlate with the 

Mini-Mental State Examination. The HABC-M functional and psychological subscales correlated 

with corresponding standard reference measures (∣rs∣ = 0.24-0.59).

Conclusions: The HABC-M Self-Report version is a practical alternative to administering 

multiple surveys to monitor functional and psychological sequelae in older patients recovering 

from recent non-neurologic injuries. Its clinical application may facilitate personalized, 

multidisciplinary care coordination among older trauma survivors without cognitive impairment.

Keywords

health-related quality of life; long-term care; multidisciplinary care team; patient-reported 
outcome measure; traumatic injury

INTRODUCTION

For many survivors of traumatic injuries, hospital discharge marks the beginning, not 

the end, of the arduous road to recovery. Injury survivors suffer from various cognitive, 

functional, behavioral, and psychological symptoms.1-9 At the end of one year, up to 50% of 

injury survivors do not return to work,1 and up to 40% report behavioral and psychological 

symptoms due to anxiety, depression, or post-traumatic stress disorder2-6 regardless of the 

injury mechanism7 or severity.8 Further, recovery after injury is not static, and patients 

experience different psychological and functional recovery trajectories in the year after 

injury.10
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Over the past decade, collaborative care models have emerged as a promising approach to 

managing traumatic injury survivors with complex recoveries.11,12 One key component of 

effective collaborative care models is the ability to monitor cognitive, functional, behavioral, 

and psychological symptoms. The SF-36 is the most commonly used patient-reported 

outcome tool in the trauma literature.13,14 However, this was originally developed for 

community-dwelling younger adults aged less than 6215 and may not be useful among 

individuals with physical or cognitive impairment.16 Meanwhile, trauma-specific tools such 

as the Trauma Outcome Profile17 and the trauma-specific quality-of-life questionnaire18 

lack cognitive domain and are often lengthy, limiting their widespread adoption. The brief 

version of the trauma-specific quality-of-life questionnaire19 is more practical although its 

clinical utility has not been described yet.

The Healthy Aging Brain Care Monitor (HABC-M) is a 27-item survey that evaluates 

cognitive, functional, behavioral, and psychological symptoms in 5 minutes.20 Both the 

Caregiver and Self-Report Versions of the HABC-M have been validated in older adults 

with cognitive or mood disorders21,22 and survivors of critical illness.20,23 They also have 

been used longitudinally in real-world clinical environments to care for these patients.24-26 

These real-world implementations of the HABC-M demonstrate the potential adaptability of 

the HABC-M in different contexts including the longitudinal follow-up of trauma survivors. 

The objective of this study was to evaluate the performance of the HABC-M Self-Report 

version in patients who sustained traumatic injuries. We hypothesized that the HABC-M 

would demonstrate internal consistency and correlate well with widely used measures of 

cognitive, functional, behavioral, and psychological outcomes in older adults who sustained 

non-neurologic injuries requiring hospital admission.

MATERIALS AND METHODS

Study Design

This was a cross-sectional study of data from a multicenter randomized controlled trial 

that is evaluating the effectiveness of Trauma Medical Home, a collaborative care model to 

improve the recovery of trauma survivors. The study protocol of the Trauma Medical Home 

trial has been published elsewhere.26 In this trial, patients in the intervention arm receive 

longitudinal follow-up with multidisciplinary, collaborative care interventions after hospital 

discharge. The HABC-M Self-Report Version is administered at multiple time points to 

monitor multidomain symptoms, their severity, and response to treatment, serving as the 

guiding principle to personalize care until symptom resolution.

We used the HABC-M scores obtained during the first outpatient visits from patients 

randomized to the Trauma Medical Home intervention arm to examine the internal 

consistency and relationships with seven widely used measurement tools for cognitive, 

functional, behavioral, and psychological outcomes. The reporting of this study followed 

the Standards for Reporting of Diagnostic Accuracy Studies (STARD) statement.27 The 

institutional review board of Indiana University granted study approval (IRB number 

1612690852).
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Participants

Four level-one trauma centers in the United States participated in the trial. The participating 

sites (Indiana University Health Methodist Hospital, Sidney & Lois Eskenazi Hospital, 

St. Vincent Hospital in Indianapolis, IN, and University of Wisconsin Health University 

Hospital in Madison, WI) treat over 10,000 injured patients combined annually. A total of 

448 English-speaking adults aged 50 years or older were recruited from October 2017 to 

September 2021. Patients were eligible if they were admitted to the hospital for traumatic 

injury, had an injury severity score28 of 9 or greater, and had access to a telephone after 

discharge. Patients were excluded if they had a significant head injury (defined as any 

intracranial blood on imaging studies or Glasgow Coma Scale score of less than 13), spinal 

cord injury with a persistent neurologic deficit upon hospital discharge, a stroke upon 

admission or while hospitalized, baseline cognitive impairment (defined as any mention 

of dementia or Alzheimer disease in the medical record), sensory impairment that would 

preclude active participation with study assessments or communications, a burn with total 

body surface area >10%, recent alcohol or drug use disorder (determined from the medical 

record and/or the Drug Abuse Screening Test or the Alcohol Use Disorders Screening Test 

C within the past 6 months), were incarcerated, had malignancy with less than 1 year of 

life expectancy, or resided greater than 50 miles away from the admitting trauma center. 

Research staff identified eligible patients on a consecutive basis and approached them for 

enrollment before discharge. All patients or their proxies who agreed to participate in the 

trial provided written consent. Participants randomized to the Trauma Medical Home arm 

who completed a baseline HABC-M assessment were included in this analysis.

HABC-M (Self-Report Version)

The HABC-M is a 27-item patient-reported outcome tool that evaluates cognitive, 

functional, behavioral, and psychological symptoms, originally developed by an 

interdisciplinary panel of dementia experts to measure and monitor dementia symptoms.21 

It has good sensitivity to change over time among older adults with cognitive or mood 

disorders,21 and its use has expanded recently to survivors of critical care survivors to 

monitor multidomain symptoms after hospital discharge.20 Each item asks patients the 

frequency at which they experienced a symptom in the preceding two weeks rated on a 

4-point ordinal scale: 0 = None (0-1 day), 1 = Several Days (2-6 days), 2 = More than 

half the days (7-11 days), 3 = Almost daily (12-14 days). There are six cognitive items, 

11 functional items, and 10 behavioral and psychological items. Scores from each item are 

summed to calculate total scores for individual subscales and the total scale, with a higher 

score indicating a higher severity of symptoms (Figure 1). The Self-Report Version was 

chosen (as opposed to the Caregiver version) in the trial because enrolled patients were 

cognitively intact and did not require caregiver input.

Cut scores of the HABC-M developed for older adults with cognitive or mood disorders are 

shown in Table 1 for reference. In the Trauma Medical Home trial, a reduction of at least 2 

points in the subscale or at least 5 points in the total scale were considered a worsening of 

symptoms. Likewise, an increase of at least 2 points in the subscale or at least 5 points in the 

total scale were considered an improvement of symptoms.
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Reference Standard Measures

We used the following seven outcome measures as the reference standards, each 

corresponding to either single or multiple subdomains of the HABC-M. These reference 

measures were chosen based on their common use and validation in the literature to capture 

the multifaceted effects of injuries on health-related quality of life.13,14

Mini-Mental State Examination (MMSE) is an 11-question instrument that measures 

patients’ cognitive function.29 A score of 24-30 indicates normal cognition. Short Form-36 

Health Survey (SF-36) is the most used patient-reported outcome measure in the trauma 

literature13,14 that contains 36 questions. It calculates scores ranging from 0 to 100 in 

eight domains of health with a higher score indicating a better health status.30 Katz Index 

of Independence in Activities of Daily Living (Katz ADL) is a 6-item questionnaire that 

evaluates independence in the basic activities of daily living,31 and Lawton Instrumental 

Activities of Daily Living Scale (IADL) assesses independent living skills in 8 functional 

domains.32 Pain, Enjoyment of Life, and General Activity Scale (PEG) is a 3-item scale 

that asks about the pain severity and how much pain interfered with enjoyment of life and 

general activity on a scale of 0-10, with a higher score indicating a higher burden of pain.33 

Hospital Anxiety and Depression Scale (HADS) is a tool developed to identify anxiety 

disorders and depression in nonpsychiatric clinical settings.34,35 It is divided into an anxiety 

subscale and a depression subscale, each containing seven items with a score range of 0-3 

(total score range 0-21). Posttraumatic Stress Disorder (PTSD) Checklist-Civilian Version 

(PCL-C) is the most frequently used self-report measure of PTSD that contains a 17-item 

checklist of 1-5 Likert scale responses.36 The total score ranges from 17 to 85, with a higher 

score indicating an increased likelihood of PTSD.

The following reference measures were obtained at enrollment immediately prior to hospital 

discharge: the SF-36, Katz ADL, and Lawton IADL. The research assistants who collected 

these measures had access to electronic medical records and were not blinded to clinical 

information. A different research team member, a nurse care coordinator, administered 

the MMSE, PEG, HADS, PCL-C, and the HABC-M Self-Report Version to participants 

assigned to the intervention arm during the first home visit, which occurred within one 

month after hospital discharge (median, 16 [interquartile range, 28] days). The nurse 

care coordinator was blinded to the results of the three reference standards obtained at 

enrollment. No adverse events were reported from performing the tests.

Patient demographics, injury severity score, and Charlson Comorbidity Index were collected 

by a research assistant through a review of electronic medical records. Self-identified race 

was included in the data collection to better characterize the patient population included in 

this study. We categorized race into White, African-American, and Other, which included 

Asian, South Asian, Pacific Islander, and Native American.

Analysis

We calculated the following descriptive statistics for each HABC-M subscale and the total 

scale: range, median, mean, standard deviation, percentages of participants who scored 

at the floor (minimum score), and at the ceiling (maximum score). Cronbach’s alpha 
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was used to estimate the internal consistency.37 We used Spearman’s rank correlation to 

evaluate the relationship of the HABC-M scores with the seven reference standards. Patients 

with missing data on HABC-M were excluded from this analysis. In addition, for three 

reference standards obtained prior to discharge (the SF-36, Katz ADL, and Lawton IADL), 

we only included data that were obtained within 14 days of the HABC-M administration. 

This decision was made to prioritize the comparison of assessments at closer time points 

because symptoms are known to change over time.10 The sample size calculation was only 

performed for the parent trial. All analyses were performed with SAS 9.4 (Cary, NC).

RESULTS

Participants

Two hundred sixteen patients were randomized to the Trauma Medical Home. Data 

from 143 patients were included in the analyses after excluding 73 who had incomplete 

measurements of the HABC-M due to loss to follow-up. The cohort had a mean age of 

70 ± 10 years, and the majority identified themselves as non-Hispanic (99%) and White 

(89%). The median hospital length of stay was 7 [4-10] days. Fall was the most common 

mechanism of injury (53%), followed by motor vehicle crashes (29%), with a median injury 

severity score of 10 (interquartile range [IQR], 9-14). The patient characteristics of the 73 

patients who were lost to follow-up were similar to those with a baseline HABC-M score 

except for the SF-36 role physical (Appendix). The results of the seven reference standard 

measures and the HABC-M are detailed in Table 2.

Internal Consistency and Score Distributions

Cronbach’s alpha ranged from 0.64 to 0.75 for the HABC-M subscales, with the lowest 

value observed in the behavioral and psychological subscale (alpha = 0.64). Cronbach’s 

alpha for the total scale (27 items) was 0.77. The distributions of scores were positively 

skewed across all scales of the HABC-M. This pattern was most prominent in the cognitive 

subscale, where 78% of participants reported no cognitive symptoms. There were no 

subjects reaching the ceiling in any of the categories. (Table 3)

Comparisons with the Reference Standards

Of the 143 patients with a HABC-M assessment, two did not complete MMSE, and one 

did not complete PEG and HADS due to refusal. Seventy-one and 69 patients completed 

the SF-36 and the two measures of ADL (Katz and Lawton) within 14 days of HABC-M 

assessment, respectively. Table 4 shows Spearman’s correlation coefficients of the HABC-M 

subscales and the total scale described with the seven reference standards. The HABC-M 

cognitive subscale and MMSE did not correlate (rs = 0.10), but the observed ranges of 

MMSE scores were small. The HABC-M functional subscale correlated with the SF-36 

physical functioning domain and Lawton IADL (∣rs∣ = 0.24-0.25). The HABC-M behavioral 

and psychological subscale correlated with all corresponding reference standards (SF-36 

emotional domain, PEG, HADS, and PCL-C) (∣rs∣ = 0.29-0.59). The HABC-M total scale 

correlated with SF-36 physical functioning, role physical, emotional well being, general 

health, social functioning domains, PEG, HADS, and PCL-C (∣rs∣ = 0.25-0.61).
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DISCUSSION

This is the first study to evaluate the HABC-M Self-Report Version as a practical clinical 

tool to measure and monitor multidomain recovery among injury survivors. Our results show 

that the HABC-M had a satisfactory internal consistency. Among the HABC-M subscales, 

the behavioral and psychological subscale correlated best with the corresponding reference 

standards (HADS, PCL-C, and PEG) followed by a weaker correlation in the functional 

subscale with the SF-36 and Lawton IADL. We observed no correlation between the HABC-

M cognitive subscale and MMSE.

To estimate the internal consistency reliability of the HABC-M, we used Cronbach’s alpha, 

which calculates the interrelatedness of items on a scale. We found alpha values ranging 

from 0.64 to 0.75 for the HABC-M subscales. These were considerably lower than values > 

0.8 previously reported in other patient populations.20-23 The differences may represent 

the heterogeneous effects of traumatic injuries—a similar injury mechanism or injury 

severity score could affect patients’ anatomical regions and functions differently.8 While 

a much lower alpha value (for example, < 0.50) raises concerns that the scale does not 

reliably measure the same construct, an extremely high value (for example, > 0.95) is also 

undesirable because that suggests unnecessary repetition or overlap of items.38 Therefore, 

we deemed the above alpha values sufficient evidence of internal consistency reliability. 

Further investigation into the responses may identify symptom clusters by different injury 

patterns.

Correlation coefficients are affected by the observed ranges of values: a narrow range will 

result in a small correlation coefficient.39 This likely explains, at least in part, the lack 

of correlation we observed between MMSE and the HABC-M cognitive subscale. Given 

that the items on the cognitive subscale were developed to measure and monitor dementia 

symptoms over time, it is not surprising that most patients included in this study (those 

without cognitive impairment) scored 0 in the cognitive subscale (78%). Future studies of 

the HABC-M should include patients with varying cognitive functions to fully evaluate the 

utility of the cognitive subscale in the trauma population.

The HABC-M behavioral and psychological subscale correlated well with HADS and 

PCL-C (rs = 0.57-0.59, p < 0.001) and weakly with PEG (rs = 0.34, p < 0.001) and the 

corresponding SF-36 subdomains (role emotional, rs = −0.25, p < 0.05; emotional well 

being, rs = −0.29, p < 0.05). For the HABC-M functional subscale, the correlation with 

SF-36 physical functioning was weak (rs = −0.24, p < 0.05). This may be because the 

functional subscale included questions related to daily activities rather than strictly physical 

functioning, therefore measuring slightly different constructs (Figure 1). Interestingly, the 

HABC-M functional subscale had higher correlation coefficients with HADS depression (rs 

= 0.46, p < 0.001), PCL-C (rs = 0.33, p < 0.001), and SF-36 General Health (rs = −0.32, 

p < 0.01). This is consistent with the previous literature that higher levels of anxiety and 

depression were associated with lower cognitive and functional status.40-42 Overall, these 

findings support the use of the HABC-M in injury survivors with a caveat on the cognitive 

subscale as described above.
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Monahan et al. and Wang et al. tested the HABC-M Self-Report Version in two different 

patient populations: primary care clinic patients with cognitive impairment or depression22 

and intensive care unit survivors with cognitive, functional, behavioral, and psychological 

symptoms.20 As shown in Table 5, patients in the current study scored similarly to the 

primary care patients with slightly higher scores in the functional subscale (indicating 

greater physical impairments) but had an overall lower symptom burden compared with 

the intensive care unit survivors. Such comparisons, although not yet validated, may be 

an advantage of a multidomain patient-reported outcome instrument like the HABC-M, 

allowing quantitative assessment of the health-related quality of life of trauma survivors 

within a larger context.

Since its increased recognition in the early 1990s, the literature has continually described the 

unmet needs of patients recovering from traumatic injuries.2,9,13,43 The recovery process is 

complex and unique to each patient; it involves social, physical, psychological, economic, 

and environmental factors and follows various recovery trajectories.10 This calls for a 

longitudinal, multidisciplinary patient support structure that can promptly address individual 

needs. Published consensus statements recommend measuring patient-reported outcomes at 

multiple time points after injuries.44,45 Yet, a recent systematic review revealed that most 

studies on health-related quality of life reported only a single measurement.13

The potential advantage of the HABC-M over the existing tools is its demonstrated 

feasibility in guiding patient management longitudinally.24-26 While the HABC-M may 

be inferior to trauma-specific tools in measuring symptoms specific to traumatic injuries, 

the overarching goal of injury follow-up is to enhance the overall health of the survivors. 

Trauma affects every aspect of life. And given that psychological disorders and dementia are 

known to be underdiagnosed among older adults,46,47 a practical tool like the HABC-M may 

uncover conditions prompting appropriate medical attention.

Our findings suggest that the HABC-M adequately captures functional, behavioral, and 

psychological symptoms of older injury survivors, all in one instrument. As piloted in 

the Trauma Medical Home trial, a simple multidomain clinical tool like the HABC-M 

could facilitate care coordination for trauma survivors.26 In the future, we plan to evaluate 

sensitivity to change and the potential use of the HABC-M as an actionable monitoring 

tool—just like measuring blood pressures—for the recovery of trauma patients.

Our study has several limitations. First, the SF-36, Katz ADL, and Lawton IADL were not 

collected at the same time as the HABC-M. Although we limited the data to those obtained 

within 14 days of the HABC-M in the analysis, this could have affected the correlation 

coefficients between these measures and the HABC-M. Second, our study did not evaluate 

the sensitivity of the HABC-M scores to change because follow-up data were unavailable 

at the time of this writing. Sensitivity to change is a key quality for a clinical tool intended 

to monitor patient symptoms over time. This aspect of HABC-M was previously validated 

in another patient population21 and we plan to evaluate this among injury survivors in the 

future.
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Another limitation is that the current study excluded patients with cognitive impairment 

or significant head injury, which could explain the lack of correlation between the MMSE 

and the HABC-M cognitive subscale. A follow-up study should include trauma patients 

across various degrees of cognitive functioning and head injury, and use the Caregiver 

Version for those with moderate to severe impairments. Further, most of our cohort had 

moderate injury according to the injury severity score, so the applicability of the HABC-M 

among severely injured patients remains unknown. Our sample was not ethnically or racially 

diverse. Although this raised some caution for its application in underrepresented minorities, 

previous validation studies of the HABC-M demonstrated feasibility across diverse racial 

groups.20-23 Lastly, the HABC-M does not include measures of social support since the 

items are focused on patients’ symptoms. Because social support is essential in recovery 

from injury,48,49 healthcare providers using this tool should actively seek out information 

about patients’ social circumstances, especially when they score high on any of the HABC-

M subscales.

CONCLUSIONS

In summary, the HABC-M Self-Report version may be a practical alternative to 

administering multiple surveys to monitor functional and psychological sequelae in older 

patients recovering from recent non-neurologic injuries. Its clinical application may facilitate 

personalized, multidisciplinary care coordination among trauma survivors without cognitive 

impairment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix.: Comparison of Samples with and without a Baseline HABC 

Monitor

Baseline HABC
Monitor
(n=143)

No Baseline
HABC Monitor
(n=73)

P-value

Age 0.995

  50-64 35.0% (50) 35.6% (26)

  65-79 44.1% (63) 43.8% (32)

  80+ 21.0% (30) 20.6% (15)

Female 52.4% (75) 53.4% (39) 0.892

Hispanic 0.7% (1) 1.4% (1) 0.638

Race 0.575

  White 89.4% (127) 91.8% (67)
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Baseline HABC
Monitor
(n=143)

No Baseline
HABC Monitor
(n=73)

P-value

  African-American 9.2% (13) 8.2% (6)

  Other 1.4% (2) 0.0% (0)

Hospital Length of Stay 7 (4-10) 7 (4-10) 0.856

Mechanism of Injury 0.452

  Fall 53.2% (76) 57.5% (42)

  Motor Vehicle Accident 29.4% (42) 31.5% (23)

  Other 17.5% (25) 11.0% (8)

Injury Severity Score 10 (9-14) 10 (9-14) 0.416

Charlson Comorbidity Index 0 (0-2) 0 (0-1) 0.973

SF-36

  Physical Functioning 20 (0-60) 10 (5-55) 0.963

  Role Physical 0 (0-75) 50 (0-100) 0.029

  Role Emotional 100 (33-100) 100 (33-100) 0.664

  Pain 35 (10-77.5) 45 (12.5-80) 0.309

  Vitality 50 (35-70) 50 (30-65) 0.515

  Emotional Well Being 76 (60-92) 80 (56-88) 0.949

  General Health 70 (45-85) 60 (45-75) 0.215

  Social Functioning 75 (37.5 – 100) 75 (37.5-100) 0.613

Katz ADL 6 (6-6) 6 (6-6) 0.888

Lawton IADL 8 (8-8) 8 (8-8) 0.674

Values are expressed as % (n) or median (interquartile range).

SF-36, Short Form-36 Health Survey; Katz ADL, Katz Index of Independence in Activities of Daily Living; Lawton IADL, 
The Lawton Instrumental Activities of Daily Living Scale
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HIGHLIGHTS

• The HABC-M was used in a randomized controlled trial to guide post-injury 

care.

• The HABC-M may be a useful tool to monitor recovery after traumatic 

injuries.

• The use of the HABC-M cognitive subscale requires validation in future 

studies.
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Figure 1. Healthy Aging Brain care Monitor self-Report version
None (0-1 day) = 0 point, Several Days (2-6 days) = 1 point, More than half the days (7-11 

days) = 2 points, Almost daily (12-14 days) = 3 points
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Table 1.

HABC-M cut scores*

Cognitive Functional Behavioral and
Psychological

Total

Possible Range 0-18 0-33 0-30 0-81

Normal ≤ 4 ≤ 3 ≤ 5 ≤ 14

Mild Symptoms 5-8 4-6 6-7 15-23

Moderate Symptoms 9-11 7-11 8-11 24-35

Severe Symptoms ≥ 12 ≥ 12 ≥ 12 ≥ 36

HABC-M, Healthy Aging Brain Care Monitor

*
These cut scores are based on data from older adults with mood disorders or cognitive impairment during their primary care visits.22 The 

application of these cut scores among injury survivors has not been tested.
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Table 2.

Distributions of Overall Patient Characteristics (n=143)

% (n) or Median (IQR)

Age

  50-64 35% (50)

  65-79 44% (63)

  80+ 21% (30)

Female 52% (75)

Hispanic 0.7% (1)

Race

  White 89% (127)

  African-American 9% (13)

  Other 1% (2)

Hospital Length of Stay (days) 7 (4-10)

Mechanism of Injury

  Fall 53% (76)

  Motor Vehicle Accident 29% (42)

  Other 17% (25)

Injury Severity Score 10 (9-14)

Charlson Comorbidity Index 0 (0-2)

HABC-M

  Cognition 0 (0-0)

  Functional 4 (1-9)

  Behavioral and Psychological 2 (0-5)

  Total 8 (3-13)

MMSEa 27 (27-28)

SF-36b

  Physical Functioning 20 (0-60)

  Role Physical 0 (0-75)

  Role Emotional 100 (33-100)

  Pain 35 (10-77.5)

  Vitality 50 (35-70)

  Emotional Well Being 76 (60-92)

  General Health 70 (45-85)

  Social Functioning 75 (37.5 – 100)

Katz ADLc 6 (6-6)

Lawton IADLd 8 (8-8)

PEGe 4.2 (2-6.7)

HADSf

  Depression 3 (1-4)

  Anxiety 2 (0-4)
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% (n) or Median (IQR)

PCL-Cg 21 (18-24)

IQR, interquartile range; HABC-M, Healthy Aging Brain Care Monitor; MMSE, Mini-Mental State Examination; SF-36, Short Form-36 Health 
Survey; Katz ADL, Katz Index of Independence in Activities of Daily Living; Lawton IADL, The Lawton Instrumental Activities of Daily Living 
Scale; PEG, Pain, Enjoyment of Life, and General Activity Scale; HADS, Hospital Anxiety and Depression Scale; PCL-C, Posttraumatic Stress 
Disorder Checklist-Civilian Version.

a
For MMSE, a score of 24-30 indicates normal cognition.29

b
For SF-36, each domain receives a score ranging from 0 to 100 with a higher score indicating a better health status.30

c
For Katz ADL, the score ranges from 0 to 6 with a higher score indicating a higher level of independence in the basic activities of daily living.31

d
For Lawton IADL, the score ranges from 0 to 8 with a higher score indicating a higher level of independence in daily living.32

e
For PEG, each item of the 3-item scale has a score range of 0 to 10. The average of the three items are used as the final score with a higher score 

indicating a higher burden of pain.33

f
For HADS, both the depression and anxiety subscales have a score range of 0 to 21, with a higher score indicating greater severity of 

symptoms.34,35

g
For PCL-C, the score ranges from 17 to 85, with a higher score indicating an increased likelihood of PTSD.36
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Table 3.

HABC-M score features: internal consistency reliability and score distributions (n=143)

Cognitive Functional Behavioral and
Psychological

Total

Number of Items 6 11 10 27

Cronbach’s Alpha 0.75 0.72 0.64 0.77

Possible Range 0-18 0-33 0-30 0-81

Observed Range 0-11 0-26 0-15 0-35

Median 0 4 2 8

Mean 0.6 5.2 3.2 8.9

Standard Deviation 1.6 5.0 3.3 7.4

% Floor 78.3 20.3 27.3 12.6

% Ceiling 0 0 0 0

HABC-M, Healthy Aging Brain Care Monitor
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Table 4.

Spearman’s Correlation of HABC-M and Reference Standards

Cognitive Functional Behavioral and
Psychological

Total

Administered at the same time as HABC-M

MMSE (n=141) 0.10 −0.15 −0.01 −0.08

PEG (n=142) 0.19A 0.29C 0.34C 0.38C

HADS (n=142)

  Anxiety 0.36C 0.18A 0.59C 0.43C

  Depression 0.23B 0.46C 0.57C 0.61C

PCL-C (n=143) 0.25B 0.33C 0.59C 0.49C

 

Administered within 14 days of HABC-M

SF-36 (n=71)

  Physical Functioning −0.16 −0.24A −0.23 −0.25A

  Role Physical −0.15 −0.15 −0.35B −0.25A

  Role Emotional −0.14 −0.11 −0.25A −0.22

  Pain −0.12 −0.05 −0.19 −0.10

  Vitality −0.21 −0.14 −0.23 −0.22

  Emotional Well Being −0.21 −0.26A −0.29A −0.29A

  General Health −0.26A −0.32B −0.37B −0.42C

  Social Functioning −0.24A −0.26A −0.36B −0.34B

Katz ADL (n=69) −0.08 −0.16 −0.17 −0.18

Lawton IADL (n=69) −0.08 −0.25A −0.08 −0.15

A
p<0.05

B
p<0.01

C
p<0.001

HABC-M, Healthy Aging Brain Care Monitor; MMSE, Mini-Mental State Examination; SF-36, Short Form-36 Health Survey; Katz ADL, 
Katz Index of Independence in Activities of Daily Living; Lawton IADL, The Lawton Instrumental Activities of Daily Living Scale; PEG, 
Pain, Enjoyment of Life, and General Activity Scale; HADS, Hospital Anxiety and Depression Scale; PCL-C, Posttraumatic Stress Disorder 
Checklist-Civilian Version
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Table 5.

Comparison of HABC-M Scores by Patient Populations

HABC-M
Self-Report

Trauma patients
(n = 143)A

Primary care patients22

(n = 291)B

Critical Care Recovery Center
patients20

(n = 142)C

Mean Median Mean Median Mean Median

Cognition 0.6 (1.6) 0 [0-0] 1.9 (2.9) 0 [0-3] 3.7 (4.1) 2 [0-6]

Functional 5.2 (5.0) 4 [1-9] 3.2 (4.5) 2 [0-5] 6.3 (6.8) 3.3 [0.6-11]

Behavioral and Psychological 3.1 (3.3) 2 [0-5] 3.2 (4.2) 2 [0-5] 6.4 (6.0) 5 [1-11]

Total 8.9 (7.4) 8 [3-13] 8.3 (10.3) 4 [1-12] 16.3 (14.5) 12.5 [3.2-27.6]

Values are expressed as mean (standard deviation) and median [interquartile range].

HABC-M, Healthy Aging Brain Care Monitor

A
Mean age 70 (standard deviation, 10) years.

B
Mean age 73 (standard deviation, 6) years. All patients in this study were age ≥65 years and had a diagnosis of cognitive impairment or 

depression.

C
Mean age 52 (standard deviation, 13) years. All patients were adult (age ≥18 years) survivors of intensive care unit with Mini-Mental State 

Examination scores > 17.
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