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Introduction

• Rehabilitation improves functional
recovery and quality of life in disabled
elderly1-5, especially if started early6 and
intensively7.
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Introduction

• Geriatric rehabilitation in Singapore is provided mainly by
community hospitals (CHs).

• There are 4 CHs in Singapore:
– Ang Mo Kio Thye Hua Kwan Hospital (AMKTHKH).
– St Luke’s Hospital (SLH).
– St Andrew’s Community Hospital (SACH).
– Bright Vision Hospital (BVH).

• All CHs use the 100-point Shah-Modified Barthel Index
to quantify functional impairment, as recommended by
our Ministry of Health.1

1. Ministry of Health (Singapore), Elderly and Continuing Care Division. Healthcare Services for the Elderly. An
information booklet for healthcare professionals. 1st Edition. Singapore. Ministry of Health. 2004



Introduction
• Challenges faced by multi-disciplinary team in

rehabilitation:

– How well can we predict rehabilitation efficiency and
effectiveness in our patients?

– What are the associated factors and independent
predictors of rehabilitation efficiency and
effectiveness?

– Are any of these predictors modifiable?

• Answers will aid early discharge planning and
guide multi-disciplinary team when counseling
patients and family expected functional
recovery.



Introduction

Rehabilitation Efficiency (REy)1

• The degree of functional improvement (e.g. using the 100-point Shah-
Modified Barthel Index2) divided by the duration of rehabilitation .

• It is the improvement in BI score, divided by the days between time point
Tx and a later time point Ty:

REy = BIy – BIx
[ Days bet Tx and Ty) ]

• REy is multiplied by 30 days to obtain the improvement in BI score in a
month.

1. Shah S, Vanclay F, Cooper B. Efficiency, effectiveness, and duration of stroke rehabilitation. Stroke
1990:21:241-6.

2. Shah S, Vanclay F, Cooper B. Improving the sensitivity of the Barthel Index for stroke rehabilitation. J Clin
Epidemiol. 1989;42(8):703-709.



Introduction
Rehabilitation Effectiveness (REs)1

• The degree of functional improvement divided by potential
functional improvement.

• It is the improvement in BI score, divided by the maximum possible
functional recovery (between time point Tx & a later time point Ty)
where the maximum score for the Shah-Modified Barthel Index2 is
100:

REs = BIy – BIx X 100%
( 100 – BIx )

• The value is multiplied by 100% to obtain a percentage.

1. Shah S, Vanclay F, Cooper B. Efficiency, effectiveness, and duration of stroke rehabilitation. Stroke
1990:21:241-6.
2. Shah S, Vanclay F, Cooper B. Improving the sensitivity of the Barthel Index for stroke rehabilitation. J Clin
Epidemiol. 1989;42(8):703-709.



Introduction
Rehabilitation Efficiency (REy)

Predictors of REy:
• Baseline functional status1

• Medical co-morbidities (using CIRS)2

• Depression3 (but not dementia4)

• Age [conflicting findings1(No),5(Yes)].
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4. Yu F, Evans LK, Sullivan-Marx EM. Functional outcomes for older adults with cognitive impairment in a
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5. Yu F, Richmond T. Factors affecting outpatient rehabilitation outcomes in elders. J Nurs Scholarsh
2005a;37(3):229-36.



Introduction

Rehabilitation Effectiveness (REs)

Predictors of REs:
• Age1

• Stage of arm motor recovery1

• Adherence to clinical practice guidelines2

1. Lin JH, Chang CM, Liu CK, Huang MH, Lin YT. Efficiency and effectiveness of stroke rehabilitation after first stroke.
J Formos Med Assoc 2000;99(6):482-90.

2. Micieli G, Cavallini A, Quaglini S. Guideline compliance improves stroke outcomes: a preliminary study in 4 districts
in the Italian region of Lombardia. Stroke 2002;33:1341-7.



Aim

To study the predictors of REy and REs
during rehabilitation in a community

hospital



Methods

• Study design:

– Retrospective longitudinal study.

• Study population:

– All first admissions for rehabilitation and
whose length of hospital stay was > 14 days
from 1998 to 2005.

* Data from only one CH is presented here. This study is part of an ongoing

study involving all 4 community hospitals in Singapore.



Methods

• Measurement:
– 100-point Shah Modified Barthel Index

– Administered by attending physiotherapists and
occupational therapists.

• Data collection:
– From case records.

– Manual extraction by a trained nurse.

– Data transcribed into data collection form (DCF).

– DCF read by a optical scanner to minimize data entry
error.



Predictors studied

• Age

• Gender

• Ethnicity

• Social support

• Primary cause of disability:

– Stroke (ischemic v.s. hemorrhagic)

– Fracture (femoral, vertebral & others)

– Amputation (forefoot, BKA, AKA & others)

– Other

• Charlson Co-Morbidity Index (CCMI)



Co-morbidities Studied

» Chronic obstructive lung disease
» Heart failure
» Myocardial infarction
» Ischemic heart disease*
» Peripheral vascular disease
» Stroke
» Dementia
» Hypertension*
» Diabetes mellitus
» Hyperlipidemia*
» Chronic renal disease
» Chronic liver disease
» Malignant solid tumors
» Leukemia
» Malignant lymphomas

* Not part of CCMI.



Statistical analysis

• Bi-variate analysis:
– One-Way ANOVA used.

• Multi-variate analysis:
– Multiple linear (backward) regression used.

– Associated predictors whose p<0.15 was
entered into the model.

• All reported p-values are two-tailed was
p<0.05 is taken as statistically significant.



Results



Study Population

• Out of 3,395 eligible subjects, only 2,322
subjects had both admission and discharge BI
scores recorded (68.4%).

• Mean age ± SD = 74.1 ± 11.1 yrs

• Gender: Male : Female = 42.7% : 57.3%

• Ethnicity:
– Chinese 88.2%

– Malay 7.1%

– Indian 3.8%

– Others 0.9%



Socio-Demographics



Clinical Profile



Charlson Co-Morbidity Index



Socio-Demographic Profile (9)

• Discharge Destination:

– Home: 80.7%.

– Nursing home: 12.7%.

– Re-admission to acute hospital: 5.7%

– Transfer to another CH: 0.2%

– AOR Discharge: 0.2%

– Sheltered home: 0.1%

– Death in CH: 0.1%



Rehabilitation Indices

Rehabilitation Efficiency (REy)

• Mean: 14.1 (95%CI: 13.0 – 15.2] (SD=28.2)

• Unit: Units of BI score improvement per 30
days.

Rehabilitation Effectiveness (REs)

• Mean: 42.6% [95%CI: 41.1 – 44.1] (SD=36.4)

• Unit: % of maximum possible BI score
improvement.



Distribution of REy Scores



Distribution of REs Scores



Predictors

of

Rehabilitation

Efficiency (REy)



Assoc’d Predictors of Rehab Efficiency (1)

Age



Assoc’d Predictors of Rehab Efficiency (2)

Marital Status



Assoc’d Predictors of Rehab Efficiency (3)

Primary Diagnosis for Admission



Assoc’d Predictors of Rehab Efficiency (4)

Number of Potential Carers Available



Assoc’d Predictors of Rehab Efficiency (5)

Charlson Co-Morbidity Index



Assoc’d Predictors of Rehab Efficiency (5)

Dementia



Assoc’d Predictors of Rehab Efficiency (6)

Admission BI Score



Assoc’d Predictors of Rehab Efficiency (7)



Assoc’d Predictors of Rehab Efficiency (8)

Summary

1. Older age
2. Marital status (single, widowed or divorced)
3. Lower limb amputations as the primary

diagnosis for admission
4. More carers available
5. Higher Charlson Co-Morbidity Index score
6. Dementia
7. Extremes of admission BI score



Independent Predictors of
Rehab Efficiency

Multivariate Analysis for REy

Only 3% of the variance (R2) was explained by the model.



Predictors of

Rehabilitation

Effectiveness (REs)



Assoc’d Predictors of
Rehab Effectiveness (1)

Age



Assoc’d Predictors of
Rehab Effectiveness (2)

Primary Diagnosis for Admission



Assoc’d Predictors of
Rehab Effectiveness (3)

Number of Potential Carers Available



Assoc’d Predictors of
Rehab Effectiveness (4)

Charlson Co-Morbidity Score



Assoc’d Predictors of Rehab Effectiveness (5)

Co-Morbidities



Assoc’d Predictors of
Rehab Effectiveness (6)

Admission BI Score



Assoc’d Predictors of
Rehab Effectiveness (7)



Assoc’d Predictors of
Rehab Effectiveness

Summary

1. Older age
2. Stroke & lower limb amputations as primary

diagnoses for admission
3. More carers available
4. Higher Charlson Co-Morbidity Index
5. Stroke
6. Dementia
7. Hemiplegia
8. Diabetes mellitus
9. Ischaemic heart disease
10. Lower admission BI score



Independent Predictors of
Rehab Effectiveness

Multivariate Analysis for REs

Only 14% of variance (R2) was explained by model.



Discussion



Key Findings (1)

• The small variance in final models suggest that
it is very difficult to predict REy and REs at
admission.

• Many predictors of REy and REs are related to
atherosclerosis and are modifiable:

– Stroke

– Lower limb amputations

– Peripheral vascular disease

– Ischaemic heart disease



Key Findings (2)

• Dementia is the strongest predictor of
both REy and REs.

• There was a linear relationship between
REs and admission BI score, but an
inverted U-shape relationship between
REy and admission BI score.

• Patients with more potentially available
carers had poorer REs.



Comparison with Other Studies (1)

Rehabilitation Efficiency (REy)

•Older age is a predictor of poorer REy (same finding
as Yu et al [n=201]; contrary to Luk et al [n=878]).

•Dementia is a predictor of poorer REy (contrary to Yu
et al [n=201]).



Comparison with Other Studies (2)

Rehabilitation Effectiveness (REs)

•Newly identified predictors of REs in this study are:
•Primary diagnosis for admission.
•Number of potential carers available.
•Peripheral vascular disease.
•Ischaemic heart disease.
•Dementia.



Strength & Limitations (1)

Strengths

• Complete sampling of population.

• Large sample size.

• Wide range of variables studied.



Strength & Limitations (2)

Limitations

• REs and REy could not be calculated for 31.7% of
eligible subjects because of missing BI scores.
(However, demographic variables which were
significantly different between these 2 groups were
government subsidy levels, renal disease,
hypertension and hyperlipidaemia, and none were
predictors of REs or REy.)

• As the study was limited to only one community
hospital, the results cannot be fairly extrapolated to
other community hospitals or other inpatient
rehabilitation settings.



In a local community hospital:

• It is difficult to predict REs and REy at
admission.

• Many predictors of REy and REs are related
to atherosclerosis and are modifiable.

• Dementia is a strong predictor of REy and
REs.

• REy is lowest at extremes of functional
disability.

Conclusions
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