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BACKGROUND: Acute Care for Elders (ACE) programs
improve outcomes for older adults; however, little is
known about whether impact varies with comorbidity
severity.
OBJECTIVE: To describe differences in hospital-level
outcomes between ACE and routine care across various
levels of comorbidity burden.
DESIGN: Cross-sectional quality improvement study.
SETTING: A 716-bed teaching hospital.
PARTICIPANTS: Medical inpatients aged ≥70 years
hospitalized between September 2014 and August 2017.
INTERVENTION: ACE care, including interprofessional
rounds, geriatric syndromes screening, and care protocols,
in an environment prepared for elders
MEASUREMENTS: Total cost, length of stay (LOS), and
30-day readmissions. We calculated median differences for
cost and LOS between ACE and usual care and explored
variations across the distribution of outcomes at the 25th,

I

n 2016, 15.2% of older Americans were hospitalized compared with 7% of the overall population and their length
of stay (LOS) was 0.7 days greater.1 Geriatric hospitalizations frequently result in complications, functional decline,
nursing home transfers, and increased cost.2-4 This pattern of
decline has been termed “hospitalitis” or dysfunctional syndrome.5,6 Hospitals need data-driven approaches to improve
outcomes for elders. The Acute Care for Elders (ACE) program,
which has been in existence for roughly 25 years, is one such
model. ACE features include an environment prepared for older adults, patient-centered care to prevent functional and cognitive decline, frequent medical review to prevent iatrogenic
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50th, 75th and 90th percentiles. Results were also stratified
across quartiles of the combined comorbidity score.
RESULTS: A total of 1,429 ACE and 10,159 non-ACE
patients were included in this study. The mean age was 81
years, 57% were female, and 81% were white. ACE patients
had lower costs associated with care ranging from $171 at
the 25th percentile to $3,687 at the 90th percentile, as well
as lower LOS ranging from 0 days at the 25th percentile
to 1.9 days at the 90th percentile. After stratifying by
comorbidity score, the greatest differences in outcomes
were among those with higher scores. There was no
difference in 30-day readmission between the groups.
CONCLUSION: The greatest reductions in cost and LOS
were in patients with greater comorbidity scores. Risk
stratification may help hospitals prioritize admissions to
ACE units to maximize the impact of the more intensive
intervention. Journal of Hospital Medicine 2019;14:527533. Published online first May 10, 2019. © 2019 Society
of Hospital Medicine

injury or new geriatric syndromes, and early discharge and rehabilitation planning to maximize the likelihood of return to
the community.7 Although published data vary somewhat, ACE
programs have robust evidence documenting improved safety, quality, and value.8-15 A recent meta-analysis found that ACE
programs decrease LOS, costs, new nursing home discharges,
falls, delirium, and functional decline.16 However, of the 13 ACE
trials reported to date, only five were published in the last decade. Recent rising pressure to decrease hospitalizations and
reduce LOS has shifted some care to other settings and it is
unclear whether the same results would persist in today’s rapid-paced hospitals.
ACE programs require enhanced resources and restructured
care processes but there is a notable lack of data to guide patient selection. Admission criteria vary among the published
reports, and information on whether comorbidity burden impacts the magnitude of benefit is scarce. One ACE investigator commented, “We were not able to identify a subgroup of
patients who were most likely to benefit.”17 Not all hospitalized older adults can receive ACE care, and some units have
closed due to financial and logistic pressures; thus, criteria to
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TABLE 1. Patient Characteristics
Characteristics

Overall
N = 11,588

Usual Care
n = 10,159

ACE Unit
n = 1,429

Age: mean (SD)

81.3 (7.4)

81.3 (7.4)

81.8 (7.3)

Female: n (%)

6,630 (57.2%)

5,805 (57.1%)

825 (57.7%)

Medicare Insurance: n (%)

11,101 (95.8%)

9,726 (95.7%)

1,375 (96.2%)

Race: n (%)
Black or African American
Hispanic

803 (6.9%)

709 (7.0%)

94 (6.6%)

1,172 (10.1%)

1,021 (10.1%)

151 (10.6%)

Other

227 (2.0%)

200 (2.0%)

27 (1.9%)

White

9,386 (81.0%)

8,229 (81.0%)

1,157 (81.0%)

2 (0, 5)

2 (0, 5)

3 (0, 5)

Hypertension

7,212 (62.2%)

6,264 (61.7%)

948 (66.3%)

Cardiac arrhythmias

4,211 (36.3%)

3,725 (36.7%)

486 (34.0%)

Fluid and electrolyte disorders

3,664 (31.6%)

3,178 (31.3%)

486 (34.0%)

Congestive heart failure

3,300 (28.5%)

2,884 (28.4%)

416 (29.1%)

Renal failure

3,175 (27.4%)

2,757 (27.1%)

418 (29.3%)

Chronic pulmonary disease

2,920 (25.2%)

2,520 (24.8%)

400 (28.0%)

Dementia

2,511 (21.7%)

2,159 (21.3%)

352 (24.6%)

Psychosis

2,117 (18.3%)

1,823 (17.9%)

294 (20.6%)

Deficiency anemias

2,034 (17.6%)

1,732 (17.0%)

302 (21.1%)

Complicated diabetes

1,696 (14.6%)

1,470 (14.5%)

226 (15.8%)

Peripheral vascular disease

1,357 (11.7%)

1,162 (11.4%)

195 (13.6%)

Any tumor

1,012 (8.7%)

879 (8.7%)

133 (9.3%)

Pulmonary circulation disorders

703 (6.1%)

629 (6.2%)

74 (5.2%)

Weight loss

579 (5.0%)

505 (5.0%)

74 (5.2%)

Combined Comorbidity Score: median (IQRa)
Comorbiditiesb: n (%)

Interquartile Range: 25th percentile to the 75th percentile.

a

Comorbidities <5% are not listed in the table: alcohol abuse, coagulopathy, hemiplegia, HIV/AIDS, liver disease, and metastatic cancer.

b

Abbreviations: IQR, interquartile range; SD, standard deviation.

target this scarce resource are urgently needed. Our hospital
implemented an ACE program in 2014 and we have measured
and internally benchmarked important quality improvement
metrics. Using this data, we conducted an exploratory analysis to generate hypotheses on the differential impact across
the spectrum of cost, LOS, 30-day readmissions, and variations
across quartiles of comorbidity severity.

METHODS

Setting and Patients
In September 2014, our 716-bed teaching hospital in Springfield, Massachusetts launched an ACE program to improve
care for older adults on a single medical unit. The program
succeeded in engaging the senior leadership, and geriatrics
was identified as a priority in Baystate’s 5-year strategic plan.
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ACE patients ≥70 years were admitted from the emergency
department with inpatient status. Patients transferred from
other units or with advanced dementia or nearing death were
excluded. Core components of the ACE program were derived
from published summaries (see supplementary material).7,16

Interprofessional ”ACE Rounds”
Interprofessional ACE Rounds occurred every weekday. As one
ACE analyst has noted, “the interdisciplinary team…ensures
that the multifactorial nature of functional decline is met with
a multicomponent plan to prevent it.”18 Rounds participants
shifted over time but always included a geriatrics physician
assistant (PA) or geriatrician (team leader), a pharmacist, staff
nurses, and a chaplain. The nurse educator, dietician, research
assistant, and patient advocate/volunteers attended intermitAn Official Publication of the Society of Hospital Medicine
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TABLE 2. Differences in Total Cost and Length of Stay for Usual Care Versus ACE Units
25th
percentile
Total Cost Differencea
Unadjusted
Adjustedb
LOS Differencea
Unadjusted
Adjustedb

50th
percentile

95% CI

75th
percentile

95% CI

95% CI

90th
percentile

95% CI

171
241

20
83

322
399

600
664

375
471

825
856

1,932
1,924

1,549
1,605

2,315
2,243

3,687
3,789

2,945
3,085

4,430
4,493

–0.01
0.04

–0.11
–0.07

0.08
0.14

0.18
0.30

0.05
0.17

0.31
0.43

0.97
0.95

0.80
0.72

1.14
1.17

1.86
1.79

1.39
1.38

2.32
2.20

Quantile regression using clustered standard errors to account for repeated patient visits. Estimates use ACE as the referent group.
Adjusted for age and combined comorbidity score.
Abbreviation: ACE, acute care for elders; LOS, length of stay.

a

b

tently. Before rounds, the PA reviewed the admission notes for
new ACE patients. Initially, rounds were lengthy and included
nurse coaching. Later, nurses’ presentations were structured by
the SPICES tool (Sleep, Problems with eating/feeding, Incontinence, Confusion, Evidence of falls, Skin Breakdown)19 and
tracking and reporting templates. Coaching and education,
along with conversations that did not require the full team,
were removed from rounds. Thus, the time required for rounds
declined from about 75 minutes to 35 minutes, which allowed
more patients to be discussed efficiently. This change was critical as the number of ACE patients rose following the shift to the
larger unit. The pharmacist reviewed medications focusing on
potentially inappropriate drugs. Following rounds, the nurses
and pharmacist conveyed recommendations to the hospitalists.

Patient-Centered Activities to Prevent Functional
and Cognitive Decline
Project leaders coached staff about the importance of mobility, sleep, and delirium prevention and identification. The
nurses screened patients using the Confusion Assessment
Method (CAM) and reported delirium promptly. Specific care
sets for ACE patients were implemented (see supplementary
material).
The project was enhanced by several palliative care components, ie tracking pain, noting psychiatric symptoms, and considering prognosis by posing the “Surprise Question” during
rounds.20 (“Would you be surprised if this patient died in the
next year?”). As far as staffing and logistics allowed, the goals
of care conversation were held by a geriatrics PA with patients/
families who “screened in.”

Study Design, Data Source, and Patients
Since we were implementing and measuring our ACE program with a quality improvement lens, we chose a descriptive
cross-sectional study design to generate hypotheses regarding our program’s impact compared to usual care. Using a hospital-wide billing database (McKesson Performance Analytics,
v19, Alpharetta, Georgia) we sampled inpatients aged >70
years with a medical Diagnosis Related Group (DRGs) admitted through the emergency department and discharged from
a medical unit from September 22, 2014 to August 31, 2017.
These criteria mirrored those in the ACE unit. Older adults
requiring specialized care (eg, those with myocardial infarct)
were excluded, as were those with billing codes for mechanical ventilation, admission to critical care units, or discharge to
hospice. Because one of our outcomes was readmission, we
excluded patients who died during hospitalization. Patient
characteristics collected included demographics and insurance category. To evaluate comorbidity burden, we collected
ICD-9/ICD-10 diagnostic codes and generated a combined
comorbidity score as described by Gagne, et al.21 This score
was devised to predict mortality and 30-day readmissions and
had better predictive ability in elders than the Elixhauser or
Charlson scores. Scores ranged from −2 to 26, although values
>20 are rare.

Exposure
Subjects were categorized as either discharged from the ACE
or discharged from usual care. ACE discharges were tracked
daily on a spreadsheet that was linked into our sample of eligible subjects.

Prepared Environment

Outcomes

The ACE program’s unit was remodeled to facilitate physical
and cognitive functioning and promote sleep at night (quiet
hours: 10 PM-6 AM).
In accordance with quality improvement processes, iterative
shifts were implemented over time in terms of checklist, presentation format, timing, and team participation. In December
2016, the program relocated to a unit with 34 ACE beds and 5
end-of-life beds; this move markedly increased the number of
eligible ACE patients.

Total cost of hospitalization (direct plus indirect costs), LOS,
and all-cause 30-day readmissions were queried from the same
billing database.

An Official Publication of the Society of Hospital Medicine

Statistical Analysis
As this study was a quality improvement project, analyses
were descriptive and exploratory; no statistical hypothesis
testing was conducted. We initially evaluated subject characteristics and comorbidities across study groups to determine
Journal of Hospital Medicine® Vol 14 | No 9 | September 2019
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FIG 1. Differences in Total Cost and Length of Stay for Usual Care versus ACE Units Stratified by Comorbidity Severity
Abbreviations: ACE, acute care for elders; LOS, length of stay.

group balance and comparability using means and standard
deviations for continuous data and frequencies and percentages for categorical data. To analyze total cost and LOS, we
utilized quantile regression with clustered standard errors to
account for clustering by patient. We calculated the median
difference between hospitalization cost and LOS for usual
care versus ACE patients (with ACE as the referent group). To
explore variations across the distributions of outcomes, we
determined differences in cost and LOS and their 95% confidence intervals at the 25th, 50th, 75th, and 90th percentiles.
Thirty-day readmission risk was estimated using a generalized estimating equation model with a logit link and binomial
family. Readmission risk is presented along with 95% confidence intervals. For all models, we initially evaluated change
over time (by quarter). After establishing the absence of time
trends, we collapsed results into a comparison of usual care
versus ACE care. Model estimates are presented both unadjusted and adjusted for age and comorbidity score. Following our initial analyses of cost, LOS, and 30-day readmission
risk; we explored differences across quartiles of combined
comorbidity scores. We used the same unadjusted models described above but incorporated an interaction term
to generate estimates stratified by quartile of comorbidity
score. We performed two additional analyses to evaluate the
robustness of our findings. First, because hemiplegia prevalence was higher in the usual-care group than in the ACE
group and can result in higher cost of care, we repeated the
530
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analysis after excluding those patients with hemiplegia. Second, because we were unable to control for functional capacity in the entire sample, we evaluated group differences
in mobility for a subsample obtained prior to October 2015
using ICD-9 diagnostic codes, which can be considered surrogate markers for mobility.22 The results of our first analysis
did not substantively change our main findings; in our second analysis, groups were balanced by mobility factors which
suggested that confounding by functional capacity would be
limited in our full sample. The results of these analyses are
reported in the supplemental material.
Analysis was completed using Stata v15.1 (StataCorp, LP
College Station, Texas). The Baystate Medical Center Institutional Review Board determined that the initiative was quality
improvement and “not research.”

RESULTS
A total of 13,209 patients met the initial inclusion criteria; 1,621
were excluded, resulting in a sample of 11,588 patients. Over
the 3-year study period, 1,429 (12.3%) were discharged from
ACE and 10,159 (87.7%) were discharged from usual care.
The groups were similar in age, sex, race and insurance status. Compared with the usual-care group, ACE patients had
a higher median comorbidity score (3 vs 2 for usual care) and
higher rates for anemia, dementia, fluid and electrolyte disorders, hypertension, and chronic obstructive pulmonary disease
(COPD). However, ACE patients had lower rates of hemiplegia
An Official Publication of the Society of Hospital Medicine
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FIG 2. Risk of 30-Day Readmission for Usual Care and ACE Units Stratified by Comorbidity Severity
Abbreviation: ACE, acute care for elders.

(0.9% vs 3%), arrhythmias, and pulmonary circulation disorders
than those with usual care (Table 1).
The median cost per ACE patient was slightly lower at $6,258
(interquartile range [IQR] = $4,683-$8,547) versus $6,858 (IQR =
$4,855-$10,478) in usual care. Across the cost distribution, the
ACE program had lower costs than usual care; however, these
differences became more pronounced at the higher end of the
distribution. For example, compared with the ACE group, the
usual-care group’s unadjusted cost difference was $171 higher
at the 25th percentile, $600 higher at the median, $1,932 higher
at the 75th percentile, and $3,687 higher at the 90th percentile.
The ACE median LOS was 3.7 days (IQR = 2.7-5.0) compared
with 3.8 days (IQR = 2.7-6.0) for non-ACE patients. Similar to
cost, LOS differences rose at higher percentiles of the distribution, with shorter stays for the ACE patients within each grouping. Compared with the ACE group, the unadjusted LOS difference for usual-care patients ranged from 0 days at the 25th
percentile to 0.2 day longer at the median, 1.0 day longer at
the 75th percentile, and 1.9 days longer at the 90th percentile.
For both cost and LOS models, estimates remained stable after
adjusting for age and combined comorbidity score (Table 2).
We explored the impact of increasing comorbidity burden
on these outcomes using the following quartiles of the combined comorbidity score: −2 to 0 (387 ACE vs 3,322 usual-care
patients), 1 to 2 (264 ACE vs 1,856 usual-care patients), 3 to 5
(476 ACE vs 2,859 usual-care patients), and 6 to 15 (301 ACE
vs 2,122 usual-care patients). It was not surprising that cost
and LOS paralleled each other, with the greatest cost and LOS
An Official Publication of the Society of Hospital Medicine

benefits in the highest quartile of the combined comorbidity
score (Figure 1). For example, at the 90th percentile, the cost
difference approached $6,000 higher for the usual-care group
in the top quartile of combined comorbidity score compared
with nearly $3,000 higher for the lowest quartile. Similarly, at
the 90th percentile, LOS for usual-care patients was 2.9 days
longer at the top quartile compared with 1.7 days longer at the
lowest quartile.
The all-cause 30-day readmission risk was similar for both
groups, with an absolute risk difference of −0.7% (95% CI =
−2.6% to 1.3%). Adjustment for age and comorbidity score did
not substantially change this result. Following stratification by
quartile of combined comorbidity scores, we observed similar
readmission risks at each quartile (Figure 2).

DISCUSSION
This quality improvement initiative evaluated which ACE admissions yielded the greatest value and found the largest
reductions in LOS and cost in patients with the greatest comorbidity scores (frequently referred to as “high need, high
cost”).23,24 Based on prior literature, we had anticipated that
moderate risk patients would show the maximum benefit.15,25
In contrast to our findings, a University of Alabama (UAB) ACE
program subgroup analysis using the CMS Case Mix Index
(CMI) found a cost reduction for patients with low or intermediate CMI scores but not for those with high scores.15 The
Hospital Elder Life Program (HELP) has yielded maximal impact for patients at moderate risk for delirium.26 Our results
Journal of Hospital Medicine® Vol 14 | No 9 | September 2019
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are supported by a University of Texas, Houston, study revealing lower LOS and cost for ACE patients, despite high CMI
scores and endemic frailty, although it did not report outcomes across a range of comorbidities or costs.27 Our results
may be determined by the specific characteristics of the Baystate ACE initiative. Our emphasis on considering prognosis
and encouraging advance care planning could have contributed to the improved metrics for more complicated patients.
It is possible that patients with high comorbidity burden were
more likely to screen in with the surprise question, leading to
more frequent goals of care discussions by the hospitalists or
geriatrics team, which, in turn, may have resulted in less aggressive care and consequently lower costs. The emphasis on
prognosis and palliative care was not a feature of the UAB or
Texas studies. Additional components, such as the delirium
screening and the presence of volunteer advocates, could
also have impacted the results. Our tiered approach during
rounds with rapid reviews for most patients and longer discussions for those at highest risk may have further contributed to the findings. Finally, although we did not track the recommendation acceptance rate for the entire study period, in
the first nine months of the project, 9,325 recommendations
were made with an acceptance rate of >85%. We previously reported a similar acceptance rate for medication recommendations.28 Another factor contributing to our results may
be the ways in which we categorized patients and calculated costs. We used the Gagne combined comorbidity score,
which includes only prior conditions;21 the UAB study used
CMI, which includes severity of presenting illness and complications, as well as baseline comorbidities. We also compared
total cost, while UAB reported variable direct cost.
This study has a number of limitations. First, it was conducted at a single site and may not apply to other hospitals. Second, as a quality improvement program, its design, processes,
and personnel evolved over time, and, as in any multicomponent initiative, the effect of individual factors on the outcomes
is unknown. Third, this is an observational study with the aim
of generating hypotheses for more rigorous studies in the future and residual confounding factors may exist despite efforts
to adjust for variables present in an administrative database.
Thus, we were unable to completely adjust for potentially important social factors, presence of delirium, or baseline functional status.
To our knowledge, this study is the first report on the differential impact of comorbidity scores and cost distribution on
ACE total cost and LOS reductions. Despite its limitations, it
contributes to the existing literature by suggesting that the
Gagne comorbidity score can help identify which admissions
will yield the greatest value. The Gagne score could be calculated at admission using the ePrognosis risk calculator or incorporated and automated in the EMR.29 Many health systems
are reluctant to designate beds for specific subpopulations
since doing so decreases flexibility and complicates the admission process. A dynamic tension exists between increasing
income streams now and generating future savings by supporting initiatives with upfront costs. Other successful acute
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care geriatrics programs, such as NICHE,30 HELP,31 MACE,32
and consultation teams, exist.33 Studies reporting the outcomes of combining ACE units with these other approaches
in a “portfolio approach” will inform the design of the most
efficient and impactful programs.34 Scrupulous attention to
symptom control and advance care planning are key features
of our program, and, given the high prevalence of advanced
serious illness in hospitalized older adults, this consideration
may be critical for success.
As ACE units can only care for a small fraction of hospitalized
older adults, determining which patients will maximally benefit
from the structured, team-based care on ACE units is crucial.
We found that the greatest impact on LOS and costs occurred
in the subgroup with the highest comorbidity scores and overall cost. ACE care for the most vulnerable patients appeared
to yield the greatest value for the system; thus, these older
adults may need to be prioritized for admission. This improvement may enhance quality and value outcomes, maximize a
scarce resource, and secure results needed to sustain the “clinician-led and data-driven” ACE model in the face of changing clinical and financial landscapes.35
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