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Purpose: In Acute Care for Elders (ACE) units, Comprehensive Geriatric Assessment (CGA) relies heavily on cumulative 
comorbidity metrics like Charlson Comorbidity Index (CCI). However, it fails to reflect the dynamic nature of acute illness, limiting 
its ability to predict short-term functional recovery. Therefore, we aimed to evaluate whether the principal diagnosis, representing 
acute physiological stress, offers superior predictive value compared to the CCI for functional outcomes in hospitalized older adults.
Patients and Methods: This retrospective cohort study included 213 patients (≥65 years) admitted to the Acute Care for Elders 
(ACE) unit between January 2023 and December 2024. The primary outcome was short-term functional recovery, measured as the 
change in the Barthel Index (BI) from admission to discharge (ΔBI). Hierarchical multiple linear regression was used to create three 
models: a base model (demographic/clinical covariates), a CCI model, and a principal diagnosis model. Model performance was 
compared using Adjusted R2, Area Under the Curve (AUC) from ROC analysis, Net Reclassification Improvement (NRI), and 
information criteria (AIC/BIC).
Results: The principal diagnosis model demonstrated significantly higher explanatory power (Adjusted R2 = 0.85) compared to the 
CCI model (Adjusted R2 = 0.78) and the base model (Adjusted R2 = 0.75). The inclusion of principal diagnosis resulted in a significant 
continuous Net Reclassification Improvement (NRI=0.37, 95% CI 0.11–0.65, p = 0.006). After adjustment for covariates, specific 
diagnoses such as Endocrine and Respiratory diseases were strong predictors of recovery, whereas CCI was not statistically significant.
Conclusion: The principal diagnosis outperforms cumulative comorbidity as a predictor of short-term functional recovery in the ACE 
unit. Integrating principal diagnosis into the CGA serves as a valuable and practical complement to refine early functional 
prognostication.
Keywords: functional recovery, aging, hospitalized elderly, clinical decision-making

Introduction
Older adults hospitalized due to acute health problems have a higher risk of adverse outcomes, including frailty, cognitive 
Impairment, malnutrition, and depression.1–3 Together these additional stressors can lead to an irreversible functional 
decline, which can result in loss of independence following an acute illness. Indeed, the prevalence of decline in 
functional in acute care settings varies from 30 to 60%.4 Hospitalization itself may lead to limited functional recovery or 
even a new functional decline.5 Additionally, when hospitalized older adults are discharged with a decline in their 
activities of daily living (ADL), the long-term prognosis for functional recovery is often unfavorable.6
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Acute Care for Elders (ACE) program was proposed to facilitate the rapid recovery of elderly patients and improve 
functional outcomes.5 Its core components integrate: patient-centered care, a specially designed environment, review of 
medical care, and planning for discharge to help patients maintain or achieve independence in basic activities of daily 
living.7 In ACE units, a dedicated Multidisciplinary Team (MDT) applies the principles of Comprehensive Geriatric 
Assessment (CGA) to manage multimorbidity, a central characteristic of this patient population.8,9 CGA is 
a multidisciplinary diagnostic process that evaluates functional status, cognition, emotional status, nutritional status, 
comorbidities, polypharmacy.10 The value of CGA is great in older adults as it identifies the functional impairments and 
geriatric syndromes. Currently, the primary application of CGA is to inform the clinical decision-making process 
regarding patients appropriate for admission to an ACE unit or a general ward.11

However, current risk stratification strategies within the CGA rely heavily on comorbidity burden, most notably the 
use of Charlson Comorbidity Index (CCI). Although these tools effectively predict long-term mortality, they fail to reflect 
the dynamic nature of the acute illness itself.12 Similarly, while pre-morbid factors like baseline function, cognitive 
impairment, and frailty13,14 might predict short-term recovery, they also remain static and unmodifiable. Since functional 
recovery is closely linked to the disease’s inherent physiological course,15,16 relying solely on static metrics makes it 
difficult for clinicians to accurately assess the potential for functional recovery during short-term hospitalization in the 
ACE unit, which may further lead to biased treatment decisions, and misallocation or inefficient utilization of medical 
resources.

One study, after a detailed review of current CGA practices, pointed out that an ideal assessment system must account 
for the specific clinical course of each disease.17 In order to achieve an efficient and intuitive assessment in a time- 
constrained clinical environment, we propose integrating “principal diagnosis” as a component in CGA process. The 
principal diagnosis identifies the primary pathophysiological process and immediate clinical priority precipitating the 
admission.6 Resolving this acute process facilitates early clinical stabilization, which is strongly associated with the 
patient’s short-term functional recovery. In this context, the principal diagnosis may be served as a practical indicator for 
the severity of in-hospital acute stress and the expected course of recovery. Meanwhile, diagnosis grouping is clinically 
meaningful for MDT to reduce cognitive burden and ultimately improves the efficiency of multidisciplinary decision- 
making.18

Therefore, this study aims to verify whether admission diagnosis, reflecting acute severity, outperforms the CCI- 
assessed chronic burden in predicting short-term functional recovery. By validating the unique value of principal 
diagnosis in predicting short-term functional recovery, we hope to provide clinicians with more comprehensive and 
simple feasible assessment evidence, thereby optimizing the allocation strategy of scarce older adults’ medical resources.

Methods
Study Design and Setting
This study examined patients admitted to the Department of Acute Geriatrics and General Geriatrics at Zhengzhou 
Affiliated Central Hospital of Zhengzhou University from January 2023 to December 2024. The ACE unit implements 
core principles including routine Comprehensive Geriatric Assessment (CGA), individualized care plans delivered by 
a multidisciplinary team, early rehabilitation focus, patient-centered environmental modifications, and proactive dis
charge planning. We included patients 65 years of age or older who had been admitted within 2 weeks of symptom onset 
for an acute or acute exacerbation of a chronic illness. Patients who were totally dependent on personal care, had severe 
mobility impairment, severe dementia, and were admitted to the hospital with end-stage disease such as multiple organ 
failure and severe cardiopulmonary and renal insufficiency were excluded.

Data Collection
Data were retrospectively extracted from electronic medical records and hospital administrative databases by two trained 
geriatric resource nurses using a standardized data collection form. Baseline data collected at admission included: age, 
gender, principal diagnosis, Charlson Comorbidity Index (CCI), FRAIL Scale (FRAIL), Morse Fall Scale (MFS), Mini- 
Cognitive Assessment Instrument (Mini-Cog), Nutritional Risk Screening 2002 (NRS-2002), five-item Geriatric 
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Depression Scale (GDS-5), previous hospitalization times, baseline albumin, baseline hemoglobin and baseline Activities 
of Daily Living (ADL). Outcome data included: ADL, LOS, total hospitalization costs, albumin and hemoglobin at 
discharge, in-hospital deaths, and 15-day all-cause readmission.

Classification of Principal Diagnosis
The principal diagnosis recorded at hospital admission was used for classification. Based on the underlying pathophy
siology and affected organ system, we used the International Classification of Diseases (ICD-11),19 diagnoses were 
grouped into seven mutually exclusive major categories: Cardiovascular diseases (eg, heart failure, coronary artery 
disease), Digestive diseases (eg, gastrointestinal bleeding, cholecystitis), Endocrine diseases (eg, diabetes mellitus and 
complications), Fever/Infection (primarily non-respiratory systemic infections), Neurological diseases (eg, stroke, 
Parkinson’s disease), Respiratory diseases (eg, COPD, pneumonia), and Renal diseases (eg, acute kidney injury, 
exacerbation of chronic kidney disease). To ensure mutual exclusivity, infections localized to a specific organ system 
were classified under that respective category, such as pneumonia within Respiratory diseases and cholangitis within 
Digestive diseases. Consequently, the “Infection” category was strictly reserved for systemic conditions like sepsis or 
infections lacking a specific focal origin, including fever of unknown origin. Detailed information can be found in 
Supplementary Table S1.

The classification results were discussed with experienced clinicians from multiple specialties and validated by 
academic clinicians not involved in the study.

CCI
The Charlson Comorbidity Index (CCI) was used to assess the baseline comorbidity burden for each patient.20 This 
validated index assigns a specific weight (1, 2, 3, or 6) to 17 predefined comorbid conditions, based on their established 
association with one-year mortality. The total CCI score was calculated by summing the weights of all present 
comorbidities for a given patient. A higher total score indicates a greater burden of comorbid disease and corresponds 
to a higher predicted risk of mortality. The age-adjusted CCI was also calculated, where one point was added to the score 
for each decade of age from 50 years onward.

ADL
Functional recovery was assessed by improvement in activities of daily living (ADL) from admission to discharge. The 
ADL of patients in the ACE unit group before and after intervention were evaluated by the Barthel Index rating 
scale.21,22 Basic self-care of daily living includes the following ten items: eating, bathing, grooming, dressing, bowel 
control, bladder control, toilet use, transfers, and movements on the floor and stairs. The score of 100 was complete 
independence, 61–99, mild dependence; 41 to 60 points, moderate dependence; 40 points or less, severe dependence; 0 
points, total dependence.

Statistical Analysis
All statistical analyses were conducted using R statistical software (Version 4.2.0). A two-sided p-value of < 0.05 was 
considered statistically significant for all tests. The analytical strategy was designed to compare the predictive value of 
the principal diagnosis against the established Charlson Comorbidity Index (CCI) for short-term functional recovery 
within the ACE unit. The dataset contained no missing values for the outcome and candidate predictors, a complete case 
analysis approach was adopted.

Primary Outcome Definition
The primary outcome was short-term functional recovery, quantified as the change in the Barthel Index from admission to 
discharge (ΔBI). For the purpose of assessing model discrimination, this continuous outcome was dichotomized to 
identify patients who achieved a “clinically significant functional recovery”, defined as a ΔMBI of ≥ 10 points. This 
threshold was selected based on established minimal clinically important difference (MCID) literature for the Barthel 
Index.23–25
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Baseline and Outcome Comparisons
For continuous variables (eg, age, length of stay, costs, Barthel Index scores), independent samples Student’s t-tests were 
used. For categorical variables (eg, gender, readmission rates, principal diagnosis distribution), Pearson’s chi-squared test 
or Fisher’s exact test was employed as appropriate.

Fitting the Hierarchical Multivariate Models
The central analysis involved the construction of three nested multiple linear regression models to predict the primary 
continuous outcome (ΔBI) within the ACE unit. The goal was to isolate the added predictive value of the CCI and the 
principal diagnosis. The forced entry method were used to ensure all pre-specified covariates were retained in the models. 
Based on the widely accepted epidemiological rule of thumb requiring at least 10 to 15 observations per predictor 
variable to prevent overfitting.26 The sample size of this study adequately supported the inclusion of 16 predictor 
variables in the final full model.

Model 1 (Base Model)
Included established demographic and comprehensive geriatric assessment (CGA) covariates: age, gender, prior hospi
talizations, baseline ADL, nutritional status (NRS-2002 score), cognitive status (Min-Cog), frailty status (FRAIL scale), 
and depression (GDS-5).

Model 2 (CCI Model)
The age-adjusted CCI score (continuous) was added to the covariates from the Base Model.

Model 3 (Diagnosis Model)
The principal diagnosis (a seven-level categorical variable, with “Renal diseases” as the reference category) was added to 
the covariates from the Base Model.

Multicollinearity
The final models were checked for multicollinearity among predictor variables using the Variance Inflation Factor (VIF). 
A VIF value > 5 was considered indicative of significant multicollinearity.

Subgroup Analysis
To address the potential ceiling effect of the Barthel Index, a sensitivity analysis was performed on subgroups of patients 
with baseline Barthel Index ≤ 95, 90, 85, 70, 75, ensuring that the predictive value of diagnosis holds true in patients with 
the capacity for recovery.

Determining Added Predictive Value
To determine whether the principal diagnosis offered superior predictive value compared to the CCI, the performance of 
Model 2 and Model 3 was formally compared against the Base Model and each other using a comprehensive set of 
metrics:

Overall Model Fit and Explained Variance
The performance of each model was evaluated using the Adjusted R-squared (R2) to quantify the proportion of variance 
in ΔBI explained by the predictors, while penalizing for model complexity. The Root Mean Square Error (RMSE) was 
calculated as a measure of the average prediction error. A formal comparison of nested models was conducted using the 
Likelihood Ratio Chi-Squared (χ2) test, which assesses whether the addition of new predictors (CCI or Diagnosis) results 
in a statistically significant improvement in model fit over the Base Model.

Discrimination
The ability of each model to discriminate between patients who did and did not achieve clinically significant functional 
recovery (ΔBI ≥ 10) was assessed using Receiver Operating Characteristic (ROC) curve analysis. The Area Under the 
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Curve (AUC) was calculated for each model. To test for a statistically significant difference in discriminative ability, the 
AUCs of Model 2 and Model 3 were formally compared using the DeLong’s test.

Reclassification
The continuous Net Reclassification Improvement (NRI) was calculated to evaluate the extent to which the Diagnosis 
Model improved risk prediction accuracy compared to the CCI Model. NRI quantifies the net proportion of patients 
correctly reclassified to higher or lower recovery probabilities, serving as a sensitive metric for model performance. Since 
we utilized the continuous (category-free) NRI, no arbitrary risk probability thresholds were applied. The calculation 
assessed the directional change in predicted probabilities for each individual. Specifically, whether the model assigned 
higher probabilities to events (patients with ΔBI≥10) and lower probabilities to non-events compared to the reference 
model.

Model Selection Criteria
To further compare the non-nested models while accounting for goodness-of-fit and model complexity, the Akaike’s 
Information Criterion (AIC) and Bayesian Information Criterion (BIC) were calculated. Lower values for these criteria 
indicate a more optimal model, balancing explanatory power with parsimony.

Internal Validation
The final models were internally validated using bootstrapping with 1000 resamples to calculate optimism-corrected 
performance metrics (including adjusted R2 and AUC), ensuring the robustness of the discrimination estimates.

Presentation and Validation of the Final Model
The clinical utility of the final, superior model (Model 3) was visually presented.

Ethical Considerations
This study was approved by the Ethics Committee of Zhengzhou Central Hospital Affiliated Zhengzhou University 
(Ethics number: 2018020781). The study was conducted in accordance with the Declaration of Helsinki. Due to the 
retrospective nature of the study, the requirement for written informed consent was waived by the Ethics Committee of 
Zhengzhou Central Hospital. To protect the privacy of the participants, all data were anonymized and maintained with 
strict confidentiality prior to analysis. No personal identifying information was accessed by the research team.

Results
Baseline Characteristics
A total of 221 patients admitted to the ACE unit met eligibility criteria. After excluding eight patients with severe 
dependency, mobility disorders, dementia, or end-stage disease, 213 ACE patients remained. Based on their baseline 
functional status, participants were stratified into four groups using the Barthel Index (BI): Severe (BI 0–40, n=26, 
12.2%), Moderate (BI 41–60, n=24, 11.3%), Mild (BI 61–99, n=154, 72.3%), and Independent (BI 100, n=9, 4.2%). The 
mean age of the cohort was 77.35 ± 7.92 years, and 123 (57.7%) were female. The two most common causes of 
admission were cardiovascular diseases and respiratory diseases (each n=44, 20.7%), followed by neurological disorders 
(13.6%). The average length of stay was 8.15 ± 2.60 days. The population presented with a substantial comorbidity 
burden (mean CCI, 4.70 ± 1.83).

A comparison of the baseline clinical and demographic characteristics across the functional subgroups is shown in 
Table 1. Age and gender distribution were not significantly associated with baseline functional status (p = 0.179 and p = 
0.436, respectively). However, regarding emotional status, the frailest patients exhibited significantly higher depression 
scores; the mean GDS-5 score was highest in the Severe group (2.19 ± 2.12) and lowest in the Independent group (0.11 ± 
0.33, p < 0.001). Other clinical parameters, including length of stay, costs, nutritional status (NRS-2002), and cognitive 
status (Mini-Cog), did not differ significantly among the groups.
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In terms of clinical outcomes, readmission rates within 15 days varied significantly (p = 0.012), reaching 7.7% in the 
Severe group while no readmissions occurred in the Mild or Independent groups. Notably, the extent of functional 
recovery (ΔBarthel Index) differed significantly across groups (p < 0.001); patients in the Moderate group achieved the 
highest mean gain (14.58 ± 11.60), whereas the Independent group experienced a slight mean functional decline (−0.56 
± 1.67).

Comparative Performance of Predictive Models
To formally test the hypothesis that principal diagnosis is a superior predictor to cumulative comorbidity, the perfor
mance of three hierarchical models was compared (Table 2). Model 1 (Base Model) had an adjusted R2 of 0.75. The 
addition of CCI in Model 2 yielded only a marginal improvement (Adjusted R2 = 0.78). However, the inclusion of the 
principal diagnosis in Model 3 resulted in a substantial increase in explanatory power, with an Adjusted R2 of 0.85.

As shown in Table 2, the superiority of the Diagnosis Model (Model 3) over the CCI Model (Model 2) was consistent 
across all evaluation metrics. Model 3 demonstrated a significantly lower Root Mean Square Error (RMSE: 8.04 vs. 8.18, 
p = 0.046) and a significantly higher Likelihood Ratio χ2 value (64.58 vs. 54.33, p < 0.001), indicating a better model fit. 
This was further supported by lower Akaike’s Information Criterion (AIC: 1404.5 vs. 1525.9) and Bayesian Information 
Criterion (BIC: 1440.7 vs. 1569.6). Furthermore, the Net Reclassification Improvement (NRI) for Model 3 compared to 
Model 2 was 0.37 (95% CI: 0.11–0.65), indicating that the Diagnosis Model correctly reclassified a significant proportion 
of patients (p = 0.006).

Table 1 Baseline Characteristics

Variable Total 
(n=213)

Severe (BI 0–40) 
(n=26)

Moderate (BI 41–60) 
(n=24)

Mild (BI 61–99) 
(n=154)

Independent (BI 100) 
(n=9)

P-value

Demographic data

Age, years 77.35 ± 7.92 79.42 ± 7.61 78.92 ± 8.30 76.61 ± 7.89 79.78 ± 7.40 0.179

Female, n (%) 123 (57.7%) 12 (46.2%) 12 (50.0%) 94 (61.0%) 5 (55.6%) 0.436

Clinical data

Principal Diagnosis, n (%) 0.446

Cardiovascular 44 (20.7%) 3 (11.5%) 2 (8.3%) 36 (23.4%) 3 (33.3%)

Digestive 14 (6.6%) 2 (7.7%) 3 (12.5%) 9 (5.8%) 0 (0.0%)

Endocrine 28 (13.1%) 5 (19.2%) 2 (8.3%) 20 (13.0%) 1 (11.1%)

Infection 26 (12.2%) 2 (7.7%) 3 (12.5%) 20 (13.0%) 1 (11.1%)

Neurological 29 (13.6%) 7 (26.9%) 5 (20.8%) 17 (11.0%) 0 (0.0%)

Renal 28 (13.1%) 5 (19.2%) 3 (12.5%) 18 (11.7%) 2 (22.2%)

Respiratory 44 (20.7%) 2 (7.7%) 6 (25.0%) 34 (22.1%) 2 (22.2%)

CCI 4.70 ± 1.83 4.96 ± 1.34 4.71 ± 1.73 4.67 ± 1.93 4.44 ± 1.67 0.862

FRAIL 2.91 ± 0.47 3.08 ± 0.48 2.88 ± 0.68 2.88 ± 0.42 3.00 ± 0.50 0.206

Morse 40.99 ± 9.87 38.08 ± 8.73 40.83 ± 8.17 41.36 ± 10.29 43.33 ± 9.35 0.394

Mini-Cog 3.33 ± 1.49 3.37 ± 1.84 3.36 ± 1.56 3.32 ± 1.43 3.34 ± 1.46 0.999

NRS-2002 2.02 ± 1.08 2.35 ± 0.98 2.28 ± 1.16 1.93 ± 1.05 1.78 ± 1.48 0.159

GDS-5 1.12 ± 1.58 2.19 ± 2.12 1.92 ± 1.74 0.87 ± 1.36 0.11 ± 0.33 <0.001*

Albumin (g/L) 42.93 ± 5.99 42.62 ± 5.94 42.13 ± 7.00 43.09 ± 5.87 43.33 ± 6.21 0.887

Hemoglobin (g/L) 128.47 ± 21.64 121.85 ± 26.77 133.13 ± 19.87 129.27 ± 20.67 121.56 ± 24.14 0.197

Outcomes

Length of stay (d) 8.15 ± 2.60 8.00 ± 2.67 7.17 ± 2.68 8.28 ± 2.56 9.11 ± 2.62 0.163

Costs (RMB) 9815.31 ± 4234.68 10,325.92 ± 4422.70 10,944.67 ± 5654.69 9596.97 ± 4033.90 9064.67 ± 2173.16 0.430

Deaths, n (%) 2 (0.9%) 1 (3.8%) 1 (4.2%) 0 (0.0%) 0 (0.0%) 0.086

Readmission in 15 days, n (%) 3 (1.4%) 2 (7.7%) 1 (4.2%) 0 (0.0%) 0 (0.0%) 0.012*

ΔBarthel Index (mean) 10.19 ± 8.81 12.69 ± 10.12 14.58 ± 11.60 9.71 ± 7.70 −0.56 ± 1.67 <0.001*

Notes: Data are presented as mean ± standard deviation or n (%). P-values were calculated using One-Way ANOVA for continuous variables and Pearson Chi-Square test 
for categorical variables. *P-value statistically significant at the P ≤ 0.05. 
Abbreviations: BI, Barthel Index; CCI, Charlson Comorbidity Index; FRAIL, FRAIL scale; Morse, Morse Fall Scale; Mini-Cog, Mini-Cognitive Assessment Instrument; NRS- 
2002, Nutritional Risk Screening 2002; GDS-5, Geriatric Depression Scale; RMB, Renminbi; ΔBarthel Index, change in Barthel Index score.
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The risk stratification capability of Model 3 was further demonstrated. As illustrated in the violin plot (Figure 1), 
Model 3 effectively stratified the ACE cohort into two distinct prognostic groups: “Functional Maintenance” and 
“Clinically Significant Recovery”. The actual functional recovery observed in the group predicted to have significant 
recovery was substantially and statistically higher than that of the maintenance group (t-test: p < 0.001).

Finally, Receiver Operating Characteristic (ROC) curve analysis for predicting clinically significant functional 
recovery (ΔBI ≥ 10 points) further confirmed these findings (Figure 2). As shown in the ROC Curves figure, the Area 

Table 2 Comparison of the Three Models

Model Comparison Base Model CCI Model Diagnosis Model P-value (CCI vs Diagnosis)

Adjusted R2 0.75 0.78 0.85 < 0.001*

RMSE 8.29 8.18 8.04 0.046*

Likelihood ratio χ2 52.88 (11 df) 54.33 (12 df) 64.58 (18 df) < 0.001*

AIC 1523.7 1525.9 1404.5 N/A

BIC 1553.9 1569.6 1440.7 N/A

NRI N/A 0.27 (0.05, 0.58) 0.37 (0.11, 0.65) 0.006*

Note: *P value statistically significant at the P ≤ 0.05. 
Abbreviations: Adjusted R2, adjusted coefficient of determination; RMSE, root mean square error; Likelihood ratio χ2, Likelihood 
Ratio Chi-Squared test, A higher χ2-df value indicates a stronger association; AIC, Akaike’s information criterion; BIC, Bayesian 
information criterion; NRI, Net Reclassification Improvement; N/A, Not Applicable.

Figure 1 Model-Based Risk Stratification of Functional Recovery. The violin plots illustrate the probability density of the data at different values. The embedded boxplots 
represent the median and interquartile range (IQR), while the whiskers extend to the minimum and maximum values (excluding outliers). Individual data points are shown as 
jittered dots to reflect the underlying distribution. The horizontal dashed line indicates the operational threshold for clinically significant recovery (ΔBI = 10). Statistical 
significance between groups was determined using an independent samples Student’s t-test. Bold value (p < 0.001) indicates a statistically significant difference. 
Abbreviation: ΔBI, change in Barthel Index.
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Under the Curve (AUC) for Model 3 (Diagnosis: AUC = 0.928) was significantly higher than that for Model 2 (CCI: 
AUC = 0.888), with a DeLong’s test p-value of 0.031.

Sensitivity analyses using varying functional recovery thresholds (ΔBI ≥ 5–12) confirmed the Diagnosis Model’s 
robustness (Supplementary Table S2). The lack of statistical significance in AUC differences at higher thresholds is likely 
attributable to the diminished statistical power resulting from fewer events and the metric’s inherent insensitivity to 
calibration improvements. Despite this, the Integrated Discrimination Improvement (IDI) remained highly significant 
across all cutoffs (p ≤ 0.002), thereby confirming the model’s better classification utility.

Furthermore, to rule out ceiling effects, we analyzed subgroups with restricted baseline ADL scores (≤95 to≤75). The 
lower bound was set at 75 to maintain a sufficient sample size (≥100) for stable multivariate regression (Supplementary 
Table S3). Across all subgroups, the Diagnosis Model consistently demonstrated superior fit (higher Adjusted R2, lower 
AIC/BIC) and significant Net Reclassification Improvement (NRI, all p < 0.01), indicating that the predictive value of the 
principal diagnosis remains significant regardless of the patient’s baseline functional reserve.

Predictors of Short-Term Functional Recovery in the ACE Unit
The primary analysis focused exclusively on the 213 patients within the ACE unit to identify predictors of short-term 
functional recovery, defined as the change in Barthel Index from admission to discharge (ΔBI). The multiple linear 
regression analysis, incorporating all potential predictors, identified several factors significantly associated with func
tional recovery (Table 3). Baseline ADL was a strong negative predictor (B=−0.180, p < 0.001), indicating that patients 
with higher initial function had less room for improvement.

Most notably, the primary diagnosis emerged as a powerful predictor. Compared to patients with Renal diseases (the 
reference category), those admitted with Endocrine (B =10.599, p = 0.009), Respiratory (B=8.534, p = 0.004), 
Neurological (B=8.512, p = 0.015), Digestive (B=8.419, p = 0.045), and Cardiovascular (B=7.462, p = 0.010) conditions 
achieved significantly higher functional gains. Conversely, after adjusting for diagnosis and functional status, the 

Figure 2 ROC Curves for Predicting Clinically Significant Functional Recovery. Under the receiver operating characteristic curve, the model incorporating the principal 
diagnosis demonstrated an enhanced capability to discriminate the potential for short-term functional recovery compared to both the base model and the comorbidity- 
based model. Statistical comparisons of AUC values were performed using DeLong’s test, and bold font in the statistical comparison box indicates a P-value that is statistically 
significant at the P ≤ 0.05 level. 
Abbreviations: AUC, area under curve; CI, confidence intervals.
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Charlson Comorbidity Index (CCI) and other CGA assessment indicators were not significant predictors of short-term 
functional recovery (B=0.143, p = 0.629).

Discussion
This study’s principal finding is that in an ACE unit, the principal diagnosis for acute admission serves as a robust, 
independent predictor of short-term functional recovery, outperforming the cumulative chronic disease burden as 
measured by the Charlson Comorbidity Index (CCI). This suggests that while a patient’s history of multimorbidity is 
important, the specific pathophysiological impact of the acute illness itself is a more dominant factor in determining the 
short-term rehabilitation within an ACE unit.

A central contribution of our research is the elucidation of the complex interplay between acute illness and chronic 
comorbidity in determining short-term outcomes. Although not a significant predictor of functional recovery in the 
regression models, the CCI remains clinically vital in the ACE unit. By evaluating comorbidities, the MDT can estimate 
the risk of in-hospital complications, such as infections, falls, and delirium, then predict post-discharge long-term care 
requirements. However, while CCI reflects a patient’s chronic, cumulative health deficit, the “principal diagnosis” 
represents the nature and intensity of the current acute physiological stress.27 This finding highlights that while the 
ACE unit is beneficial overall, the magnitude of functional recovery is not uniform across all conditions treated within 
this specialized environment. Furthermore, the immediate physiological impact of the acute event, characterized by 
inflammatory responses, metabolic derangements, and hemodynamic instability, alongside the specific rehabilitation 
pathways required, may outweigh the influence of chronic comorbidities on short-term functional recovery. These 
findings suggest that when performing CGA, clinicians should account for the time-constrained nature of acute 
hospitalization by re-evaluating the relative impact of acute versus chronic factors on prognosis. This might provide 
a more accurate prediction of short-term ADL recovery potential, thus helping inform more targeted admission criteria. It 
could also potentially broaden the clinical utility of CGA, rather than the mere identification of geriatric syndromes.

Based on clinical evidence, ACE units effectively reduce the decline of functional at discharge and increase the 
likelihood of discharge to home;28 however, evidence regarding the long-term sustainability of these functional and 
survival benefits remains conflicting. Deschodt et al conducted a systematic review and meta-analysis of inpatient 

Table 3 Model 3: Multiple Linear Regression Analysis Performed with All Variables

Variable Unstandardized Coefficients B Standardized Coefficients B 95% CI P-value

Age −0.021 −0.020 −0.159 to 0.117 0.765
Prior hospitalization times −0.134 −0.034 −0.650 to 0.381 0.608

Baseline ADL −0.180 −0.467 −0.230 to −0.130 <0.001*

Male vs. Female 
CGA

1.674 0.098 −0.494 to 3.841 0.129

CCI 0.143 0.031 −0.439 to 0.726 0.629

NRS-2002 0.219 0.028 −0.818 to 1.256 0.677
Morse 0.034 0.040 −0.076 to 0.145 0.538

Min-Cog 0.509 0.089 −0.231 to 1.250 0.176
FRAIL 0.249 0.014 −2.247 to 2.746 0.844

GDS-5 −0.347 −0.065 −1.021 to 0.327 0.311

Principal diagnosis
Endocrine vs Renal 10.599 0.223 2.626 to 18.572 0.009*

Respiratory vs Renal 8.534 0.471 2.771 to 14.296 0.004*

Neurological vs Renal 8.512 0.257 1.671 to 15.352 0.015*
Digestive vs Renal 8.419 0.164 0.190 to 16.647 0.045*

Cardiovascular vs Renal 7.462 0.439 1.827 to 13.097 0.010*

Infection vs Renal 6.874 0.154 −0.757 to 14.505 0.077

Note: *P value statistically significant at the P ≤ 0.05. 
Abbreviations: CI, Confidence Interval; ADL, Activities of Daily Living; CCI, Charlson Comorbidity Index; NRS-2002, Nutritional Risk Screening 2002; 
Morse, Morse Fall Scale; Mini-Cog, Mini-Cognitive Assessment Instrument; FRAIL, FRAIL scale; GDS-5, Geriatric Depression Scale.
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geriatric consultation teams and evaluated clinical outcomes including functional status and mortality.29 They found that 
while the geriatric intervention significantly reduced mortality at 6 and 8 months post-discharge, it did not demonstrate 
a statistically significant effect on functional status or readmission rates in the long term. Similarly, in a comprehensive 
meta-analysis of acute geriatric units, Baztán et al reported that while the intervention group showed significantly less 
functional decline at discharge, the survival curves of the intervention and control groups tended to converge over time, 
with no significant difference in case fatality observed at 3-month follow-up.30,31 This suggests that the effects of ACE 
interventions are time-sensitive, mainly occurring during hospitalization and the immediate transition period. Short-term 
functional gains may not translate linearly or directly into long-term survival advantages. External factors, such as post- 
discharge community support and socioeconomic status, may play a more decisive role in long-term outcomes. 
Consequently, CGA tools designed to predict long-term outcomes may not accurately predict patients’ functional 
recovery during short hospital stays.

The distinct recovery trajectories observed across diagnostic groups underscore the critical influence of acute 
pathophysiology on short-term outcomes. Patients with endocrine diseases had the most significant ADL recovery effect 
during hospitalization, followed by respiratory diseases, neurological diseases, digestive diseases and cardiovascular 
diseases. The recovery potential of fever/infection, and renal diseases is relatively low. Patients with endocrine, 
respiratory, and cardiovascular exacerbations achieved substantial recovery, a finding likely attributable to the rapid 
reversibility of acute physiological derangements, including hyperglycemia, fluid overload, and hypoxemia.32–34 

Endocrine diseases stems from the underlying metabolic blockades, primarily disrupting cellular energy metabolism 
and signaling.35 Targeted therapies such as hormone replacement or strict glycemic control, can quickly restore cellular 
ATP production, providing an immediate physiological basis for rapid recovery.36–38 Similarly, respiratory emergencies 
are initially driven by acute hypoxia and airway spasms. Once these ventilation barriers are medically stabilized, patients 
exhibit high functional plasticity and are highly responsive to early bedside rehabilitation.39 Multidimensional interven
tions, including respiratory muscle training and aerobic exercises, can rapidly alleviate airway inflammation, mitigate 
oxidative stress, and improve ventilation efficiency.40,41 Similarly, patients with neurological conditions achieved 
significant gains, likely attributable to the ACE unit’s goal-oriented rehabilitation fostering neuroplasticity.42 

Conversely, severe infections or renal failure trigger intense systemic inflammatory cascades. This profound inflamma
tion drives continuous muscle protein depletion, induces a deep catabolic state, and suppresses anabolic signaling.43,44 

Unlike localized impairments, this systemic insult leads to global deconditioning. Reversing this condition requires 
a protracted anabolic recovery period that often spans several months, extending far beyond the time of acute 
hospitalization.45

Integrating the principal diagnosis into the CGA framework offers distinct advantages that may contribute to the 
precision of risk stratification and the quality of clinical decision-making in ACE units. During the initial assessment, the 
recognition of the specific diagnosis prompts the interdisciplinary team to adopt disease-specific risk stratification. For 
example, in patients with a neurological admission, in addition to treating acute illness, further interventions for high 
recovery potential, such as early and intensive rehabilitation, should be performed. Patients diagnosed with renal failure 
or systemic infection requires a focus on metabolic stabilization and nutritional rebuilding. Furthermore, in an ACE unit, 
medical resources can be better allocated based on the diagnosis. Physical therapists can focus on patients with rapid 
recovery potential, while dietitians and nurses can provide more nutritional and supportive care for patients with complex 
conditions. Lastly, in clinical settings with limited time and resources, principal diagnosis is readily available upon 
admission. Unlike complex frailty scales that require extra testing, the principal diagnosis is readily available upon 
admission. It could enable rapid risk assessment and immediate triage. If these findings are further validated, it may 
eventually support more tailored resource allocation.

The strengths of this study included its comprehensive analytical strategy, which helped in verifying the stability of the 
predictive models under various clinical scenarios. By using a hierarchical modeling approach and multiple robust statistical 
metrics, we provide a comprehensive and statistically sound basis for our conclusions. Moreover, the subgroup analyses based on 
restricted baseline functional status were conducted to mitigate the potential ceiling effect of the Barthel Index, which in turn 
facilitated the confirmation of the principal diagnosis’s predictive value even among patients with high initial function. In 
addition, we evaluated the model against different functional recovery thresholds (ΔBI ≥ 5, 8, 10, 12) and utilized the NRI metric, 
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thereby making the demonstration of the diagnosis model’s risk classification accuracy and robustness possible. Furthermore, 
focusing on data from a period of stable ACE unit operation likely provides a realistic assessment of its ongoing clinical impact.

Nevertheless, several limitations must be acknowledged. First, the exclusion of fully dependent patients, while 
appropriate as they often require palliative rather than rehabilitative care, may limit the generalizability of our findings. 
Second, the single-center design and the investigator-defined diagnostic grouping, while ensuring consistency of care, 
limited the external validity and generalizability across different healthcare settings. Replicating these findings in multi- 
center studies is therefore a critical next step. These limitations highlight the need for further research to confirm the 
diagnosis-specific recovery patterns observed here across diverse populations and healthcare settings. Third, while the 
main analysis was adequately powered, the reduced event rates in our sensitivity analyses inevitably diminished 
statistical power. Lastly, as an observational retrospective study, residual confounding from unmeasured variables cannot 
be completely ruled out. Additionally, Focusing mainly on the change in Barthel Index at discharge might have limited 
the assessment of the long-term sustainability of the observed functional benefits. It is essential to conduct future 
prospective e follow-up studies using objective measures, such as SPPB or grip strength, to verify the long-term benefits 
of incorporating the principal diagnosis into the CGA. Nonetheless, our findings suggest that the principal diagnosis 
offers superior predictive value for short-term recovery compared to the CCI. Integrating this acute indicator into the 
CGA provides a promising approach to refine risk stratification and potentially inform the allocation of clinical resources.

Conclusion
In conclusion, among the different predictive factors evaluated, the principal acute diagnosis, rather than cumulative 
comorbidity burden, was associated with a more accurate prediction of short-term functional recovery during hospita
lization. These findings suggest that incorporating the specific acute illness into the CGA might refine and complement 
traditional risk stratification, serving as an important clinical predictor for short-term functional improvement. However, 
given the single-center retrospective design and the partly investigator-defined diagnostic grouping, rigorous external 
validation in multi-center cohorts is required in future studies.
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