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Functional level at admission is a predictor of
survival in older patients admitted to an acute
geriatric unit
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Abstract

Background: Functional decline is associated with increased risk of mortality in geriatric patients. Assessment of
activities of daily living (ADL) with the Barthel Index (BI) at admission was studied as a predictor of survival in older
patients admitted to an acute geriatric unit.

Methods: All first admissions of patients with age >65 years between January 1st 2005 and December 31st 2009
were included. Data on BI, sex, age, and discharge diagnoses were retrieved from the hospital patient administrative
system, and data on survival until September 6th 2010 were retrieved from the Civil Personal Registry. Co-morbidity
was measured with Charlson Co-morbidity Index (CCI). Patients were followed until death or end of study.

Results: 5,087 patients were included, 1,852 (36.4%) men and 3,235 (63.6%) women with mean age 81.8 (6.8) and
83.9 (7.0) years respectively. The median [IQR] length of stay was 8 days, the median follow up [IQR] 1.4 [0.3; 2.8]
years and in hospital mortality 8.2%. Mortality was greater in men than in women with median survival (95%-CI) 1.3
(1.2 -1.5) years and 2.2 (2.1-2.4) years respectively (p< 0.001). The median survivals (95%-CI) stratified on BI groups in
men (n = 1,653) and women (n = 2,874) respectively were: BI 80-100: 2.6 (1.9-3.1) years and 4.5 (3.9-5.4) years; BI 50-
79: 1.7 (1.5-2.1) years and 3.1 (2.7-3.5) years; BI 25-49: 1.5 (1.3-1.9) years and 1.9 (1.5-2.2) years and BI 0-24: 0.5 (0.3-0.7)
years and 0.8 (0.6-0.9) years. In multivariate logistic regression analysis with BI 80-100 as baseline and controlling for
significant covariates (sex, age, CCI, and diseases of cancer, haematology, cardiovascular, respiratory, infectious and
bone and connective tissues) the odds ratios for 3 and 12 months survival (95%-CI) decreased with declining BI: BI
50-79: 0.74 (0.55-0.99) (p< 0.05) and 0,80 (0.65-0.97)(p< 0.05); BI 25-49: 0.44 (0.33-0.59)(p< 0.001) and 0.55 (0.45-0.68)
(p< 0.001); and BI 0-24: 0.18 (0.14-0.24)(p< 0.001) and 0.29 (0.24-0.35)(p< 0.001) respectively.

Conclusion: BI is a strong independent predictor of survival in older patients admitted to an acute geriatric unit.
These data suggest that assessment of ADL may have a potential role in decision making for the clinical
management of frail geriatric inpatients.
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Background
The combination of acute and chronic diseases in the age-
ing individual often results in disabilities and limitations in
activities of daily living (ADL) [1]. Different co-morbidity
indexes can measure this heterogeneity and be used in
prognosis estimation [2]. However, they are time consum-
ing in practice and difficult to implement in daily use.
Functional limitations are associated with mortality in

patients with hip fractures [3], pulmonary infections [4,5]
and acute medical patients [6,7]. The Barthel Index (BI) [8]
is an easy to use instrument originally developed to meas-
ure ADL in stroke patients, but subsequently its use has
been extended into geriatric patients [9]. In Denmark BI is
the official ADL tool included in the Diagnosis Related
Groups for hospitals reimbursement of geriatric patients.
The health care system in the western world will in the

years to come face an increasing number of older people
with chronic diseases [10], and simple and easy to use
instruments to predict prognosis may be helpful in planning
the optimal management of geriatric patients, both to the
benefit of the individual patient but also to the benefit of
health care expenses. The aim of this study was to evaluate
whether the routine use of BI could be included as a prog-
nosis indicator in terms of survival in geriatric patients.

Methods
Data collection
Between January 1st 2005 and December 31st 2009 7,723
patients were admitted to the Department of Geriatric
Medicine at Odense University Hospital. Patients first
admission with a length of stay > one day and age
>65 years were included in this study (n = 5,087). The
hospital serves a population of about 300.000 citizens.
Up to June 1st 2008 patients were referred directly to the
geriatric wards, thereafter admitted to the acute medical
ward and within 24 hours transferred to the geriatric
wards, based on either daytime assessment by geriatri-
cians or written algorithms (acute medical problems,
multi co-morbidities and functional limitations).
In Denmark every citizen at birth or immigration is

given a unique Civil Personal Registry Code which will
identify the person in every contact with the health care
system. From the hospital Patients Administrative Sys-
tem, data on sex, age, date of admission and diagnoses
were collected. Patients were followed until death or end
of study at September 6th 2010. Data on survivals were
retrieved from the Civil Personal Registry, and survival
times from date of first admission were calculated.
Diagnoses were grouped according to the International

Classification of Diseases 10th revision (ICD-10) in pri-
mary diagnoses describing the leading disease during
hospital stay, secondary diagnoses describing other im-
portant diseases and the combination of either primary-
or secondary-diagnoses (Appendix 1).
Co-morbidity index
Co-morbidity was measured with the Charlson Co-
morbidity Index (CCI) which was calculated from ICD-10
diagnoses retrieved from the Patient Administrative Sys-
tem (Appendix 2) [11,12]. The validity of the calculated
CCI was tested by one of the authors (DJ), who identified
all existing diagnoses by reviewing a sample of 95 patients
records. Using this as the references, the ICD-10 diagnoses
from the Patient Administrative System identified 82% of
patients with chronic pulmonary diseases, 78% with con-
gestive heart diseases, 71% with dementia, 67% with upper
gastrointestinal ulcer diseases, 62% with cerebrovascular
diseases, 52% with ischaemic heart diseases, 47% with dia-
betes and 42% with present or former malignancies. The
correlation coefficient between the review and the CCI cal-
culated from ICD-10 diagnoses was 0.67 (Spearmann,
p< 0.001).
Activities of daily living
ADL was measured with BI [8] and scored by nurses or
nursing assistants within 48 hours after admission on the
basis of their observations and/or self-report from patients
and/or proxies. The BI is a sum score of 10 ADL items:
mobility, stair climbing, transfer, feeding, bathing, toilet
use, bowel function, bladder function and grooming with a
range from 0 (dependent) to 100 (independent). Individual
BI had been measured in 4,527 (89%) patients and scorings
were grouped in four ADL groups (ICD-10 diagnoses):
“Very low ADL”: BI: 0-24 (R673), “Low ADL”: BI: 25-49
(R672), “Moderate reduced ADL”: BI: 50-79(R671) and “In-
dependent ADL”: BI: 80-100(R670). BI is part of the Danish
Diagnosis Related Group algorithm for geriatric patients in-
cluding 1): Multi-morbidity defined as diseases within more
than two ICD-10 main groups, 2): ADL at admission mea-
sured with BI, and 3): Interventions for rehabilitation.
Statistical analysis
Basic data handling with creation of ICD-10 groups and
CCI were performed using SPSS, version 18.0. Variables
with normal distributions are reported as mean (SD). Vari-
ables not normally distributed are reported as median [per-
centiles 25% and 75%]. Kaplan-Meier survival analysis and
logistic regression analysis using STATA version 12.0. Me-
dian survivals with 95% confidence interval (95%-CI) are
estimated from Kaplan-Meier plots. In the logistic re-
gression analysis the dependent variables were survival
< = 3 months and < = 12 months from admission. Odds
ratios (95%-CI) from multivariate analysis are reported.
All independent variables (sex, age, CCI, ICD-10 diagno-
sis) were included in the analysis and in successive steps
removed at p >0.05. ICD-10 diagnoses were included
both as single primary- and secondary-diagnosis and as
the combinations of.
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The study was approved by the Danish Data Protection
Agency (number: 2010-41-5195). According to the Danish
Law on Medical Ethics informed consent was not needed
as only existing registry data from patient records, Patient
Administrative System and Civil Personal Registry were
used.

Results
5,087 patients were included, 1,852 (36.4%) men and
3,235 (63.6%) women with mean age (SD) 81.8 (6.8) and
83.9 (7.0) years respectively (Table 1). The median [IQR]
length of stay was 8 [5; 13] days.
Follow up after first admission was median [IQR] 1.4

[0.3; 2.8] years corresponding to 8,960 patients years. Over-
all mortality in hospital was 8.2% (417/5,087) and during
follow up 54,8% (2,785/5,087) (Table 1). Except for Diseases
of Bone and Connective Tissue most diseases were more
Table 1 Basic data on 5,087 patients admitted to a geriatric d

Male (n = 1,8

Age, mean (SD) 81.8 (6.8)

Length of stay, median [IQR] 8 [5; 14]

Barthel-Index

80-100 296 (17.9

50-79 452 (27.3

25-49 363 (22.0

0-24 542 (32.8

Survival status

Alive 6th-september 2010 563 (30.4

Discharged and dead before 6th sept. 2010 1,115 (60.2

Dead in hospital 174 (9.4%

Charlson Comorbidity Index

0 443 (23.9

1 617 (33.3

2 429 (23.2

> = 3 363 (19.6

ICD-diagnosis group

Infectious diseases (A00 – B99) 134 (7.2%

Any cancer (C00 – C75) 372 (20.1

Haematological disease (D50 – D89) 322 (17.4

Endocrine diseases (E00 – E99) 636 (34.3

Psychiatric diseases (F00 – F99) 488 (26.4

Neurologic diseases (G00 – G99) 160 (8.6%

Cardiovascular diseases (I00 – I99) 1,242 (67.1

Respiratory diseases (J00 – J99) 738 (39.8

Gastrointestinal diseases (K00 – K93) 291 (15.7

Bone and Connective tissue (M00 – M99) 271 (14.6

Urologic diseases (N00 – N99) 532 (28.7

Number of ICD-diagnosis (mean, SD) 4.4 (1.4)
common in men, who had a CCI above 2 in 42.8% of men
as compared to 31.1% of women (Table 1).
In 560 patients (199 men and 361 women) BI had not

been measured. These patients did not differ according
to sex, age, CCI or length of stay from the 4,527 (89%)
patients [1,653 (36.5%) men and 2,874 (63,5%) women]
included in the survival and logistic regression analyses.
Mortality was greater in men than in women with sur-

vival median (95%-CI) 1.3 (1.2-1.5) years and 2.2 (2.1-
2.4) years respectively (Kaplan-Meier, p< 0.001). In both
sexes survival were associated with BI (Figures 1 and 2).
The median (95%-CI) survivals stratified on BI groups in
men and women respectively were: BI 80-100: 2.6 (1.9-
3.1) years and 4.5 (3.9-5.4) years; BI 50-79: 1.7 (1.5-2.1)
years and 3.1 (2.7-3.5) years; BI 25-49: 1.5 (1.3-1.9) years
and 1.9 (1.5-2.2) years and BI 0-24: 0.5 (0.3-0.7) years
and 0.8 (0.6-0.9) years.
epartment

52) Female (n = 3,235)

83.9 (7.0) < 0.001

8 [5; 13] n.s.

%) 523 (18.2%) n.s.

%) 856 (29.8%)

%) 643 (22.4%)

%) 852 (29.7%)

%) 1,322 (40.9%) < 0.001

%) 1,670 (51.6%)

) 243 (7.5%)

%) 1,025 (31.7%) <0.001

%) 1,205 (37.3%)

%) 621 (19.2%)

%) 384 (11.9%)

) 256 (7.9%) n.s.

%) 485 (15.0%) < 0.001

%) 465 (14.4%) < 0.01

%) 1,317 (40.7%) < 0.001

%) 822 (25.4%) n.s.

) 204 (6.3%) < 0.01

%) 2,066 (63.9%) < 0.05

%) 1,007 (31.1%) < 0.001

%) 527 (16.3%) n.s.

%) 912 (28.2%) < 0.001

%) 682 (21.1%) < 0.001

4.3 (1.4) n.s.
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Figure 1 Kaplan-Meier survival estimates in men stratified on Barthel Index (BI) measured at admission. BI: 80-100 (blue), 50-79 (red), 25-
49 (green), 0-24 (yellow).

Matzen et al. BMC Geriatrics 2012, 12:32 Page 4 of 7
http://www.biomedcentral.com/1471-2318/12/32
Survival 3 and 12 months after admission decreased
with decreasing BI. With BI 80-100 as baseline the un-
adjusted OR (95%-CI) of surviving 3 and 12 month
decreased from BI 50-79: 0.65 (0.49 – 0.86) (p< 0.01) and
0.73 (0.60 – 0.88) (p< 0.01) respectively, BI 25-49: 0.40
(0.30 – 0.53) (p< 0.001) and 0.49 (0.40 0.60) (p< 0.001)
respectively to BI 0-24: 0.16 (0.12 0.21) (p< 0.001)
and 0.25 (0.21 0.30) (p< 0.001) respectively. In the
multivariate logistic regression analysis the association
between decreasing OR´s of survival and decreasing BI
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Figure 2 Kaplan-Meier survival estimates in women stratified on Barth
25-49 (green), 0-24 (yellow).
were still present (Table 2). Other independent variables
decreasing 3 month survivals were increasing age, in-
creasing CCI, diagnoses of cancer, cardiovascular and re-
spiratory diseases. Independent variables decreasing
12 months survival were male sex, diagnoses of cancer,
diagnoses of haematology and respiratory diseases
(Table 2). In this group of patients infectious diseases
and diseases of bone and connective tissues were asso-
ciated with increased 3 and 12 month survivals
(Table 2).
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Table 2 Multivariate logistic regression analysis: Odds Ratio (OR) and 95% confidence interval (95%-CI) of 3 and
12 month survival after date of admission in geriatric patients (n = 4,527)

Survival 3 month Survival 12 month

OR 95%-CI OR 95%-CI

Barthel Index Baseline: 80-100

50-79 0.74 (0.55 – 0.99)* 0.80 (0.65 – 0.97)*

25-49 0.44 (0.33 – 0.59)*** 0.55 (0.45 – 0.68)***

0-24 0.18 (0.14 – 0.24)*** 0.29 (0.24 – 0.35)***

Sex Male (0), Female (1) 1.11 (0.95 – 1.31) n.s. 1.27 (1.11– 1.45)***

Age years 0.96 (0.95 – 0.97)*** 0.97 (0.96 – 0.98)***

Charlson Comorbidity Index Baseline: 0

1 0.96 (0.78 – 1.19) n.s. 0.83 (0.71 – 0.98)*

2 0.62 (0.48 – 0.78)*** 0.63 (0.52 – 0.77)***

> = 3 0.53 (0.40 – 0.70)*** 0.51 (0.40 – 0.64)***

ICD-10 diagnoses

Cancer Diagnoses (C00-D48) 0.33 (0.25 – 0.42)*** 0.38 (0.29 – 0.49)***

Cardiovascular diseases A-diagnoses (I00-I99) 0.62 (0.50 – 0.77)***

Haematology Diagnoses (D50-D89) 0.77 (0.65 – 0.92)**

Respiratory Diseases Diagnoses (J00-J99) 0.59 (0.50 – 0.69)*** 0.67 (0.59 – 0.77)***

Infectious Diseases Diagnoses (A00-B99) 2.59 (1.85 – 3.64)*** 2.24 (1.78 – 3.36)***

Bone and Connective Tissue Diseases Diagnoses (M00-M79, M86-M99) 1.54 (1.26– 1.87)*** 1.24 (1.07 – 1.45)**

***: p< 0.001, **: p< 0.01, * p< 0.05.
A-diagnosis: Primary ICD-10 discharge diagnosis.
B-diagnosis: Secondary ICD-10 discharge diagnosis.
Independent variables: activities of daily living (ADL-group) measured with Barthel-Index, sex, age, comorbidity measured by Charlson Comorbidity Index and
ICD-10 diagnoses.
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Discussion
The main finding in this study was the strong and inde-
pendent association between ADL function and survival in
geriatric patients. The BI could differentiate between
groups with a good or bad prognosis in terms of survival.
The probability of being alive 3 month after admission
was 75% with BI 50-79, 44% with BI 26-49 and only 18%
with BI 0-25. The corresponding figures for being alive
12 month after admission were 80%, 54% and 28%. How-
ever, as shown in Figures 1 and 2 the prognosis in an indi-
vidual patient would still be difficult to estimate and even
in patients with BI below 25, more than 25% of male and
female patients were alive after 2.2 and 3.0 years respect-
ively. As shown in the Kaplan-Meier graphs, the four BI
groups discriminated better in women than in men. In the
latter, the survivals of men in the BI 50-79 and BI 25-49
were the same.
The patients in this study were a selected cohort of older

medical patients. However, they were representative of a
typical case-mix population admitted to an acute geriatric
department [13-17]. The strength of this study was the in-
clusion of 4,527 patients in the survival analysis and the
ability to collect data from the Danish national databases
of diagnoses and mortality. A limitation is that the data
were generated in the clinical setting with associated
reporting uncertainties in diagnoses.
The associations between functional status or frailty,
multi-morbidity and mortality have been described previ-
ously in study settings [4-6,18,19]. Walter et al. [20] found
that functional status at discharge, male sex, cancer, hearth
diseases, creatinine and albumin at admission were predict-
ive of one year survival. In a prospective study of 463 acute
medical patients with a median CCI of 2.1, Buurman at al.
[6] found that the risk of mortality was associated with four
clinical variables – functional level measured with BI, co-
morbidity, malignancy and serum urea nitrogen level. Rain-
eri et al [4] found in a prospective study of 244 patients with
mean age 81.7 years and acute exacerbations in COPD, that
risk factors for 6 month mortality were BMI, BI at discharge
and morbidity measured with Apache II. Torres et al. [5]
found in elderly patients with pneumonia, that high BI was
related to reduced 30-day and 18 month mortalities. Our
results were consistent with these studies showing the same
associations between mortality and functional status, co-
morbidity and single diseases of cancer, cardiovascular, re-
spiratory and haematology. The positive odds ratios of in-
fectious diseases and diseases of bone and connective
tissues on both 3 and 12 month survivals indicated that the
former normally were cured and the latter might be trouble-
some but not lethal.
Male sex, age and co-morbidity measured with CCI

were associated, independently of functional status, with
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decreased survival and the survival odds ratios decreased
with increasing CCI. The association between co-morbidity
and survival was also found previously in a study on
1,567,659 admissions [21], but in contrast to our study data
on functional status was lacking.
BI scorings were performed by nurses or nursing assis-

tants and the methods used were observations of patient
performances, interview with patients and/or proxies. BI
data had been reported in 89% of our patients and as
part of the DRG reimbursement the nursing staff were
instructed to accurately score the BI, when receiving new
patients in the wards. All new staff members were
instructed in BI scoring at employment. Although we
had no data on the reliability of this method in our de-
partment, others have found acceptable interrater reli-
ability of BI scoring done by nonclinical assistants [22]
and when scoring was performed by different observers
as in our department [9].
In this study we had data only on the four ADL diag-

noses groups and not on the ten BI sub-items. Therefore,
it was not possible to ascertain whether some of the
items had greater impact than the others. The study was
based on data obtained in clinical setting, and impreci-
sion in the BI sum score might influence the allocation
to ADL diagnoses groups, but probably not the strong
association between BI and survival.
In a study using ICD-10 diagnoses from the Patient Ad-

ministrative System some uncertainties in diagnosis
reporting are inevitable. The meticulous review of 95 pa-
tient records gave a higher CCI than the one created from
ICD-10 diagnoses. However, the coefficient of correlation
was 0.67 and ICD-10 calculated CCI was accepted as a
proxy for co-morbidity. The validity of primary diagnosis
in the Danish Registry of Discharge Diagnosis has been
found to be high [12].

Conclusion
Functional status at admission in combination with
demographic factors and comorbidities could potentially
be used in the decision making process on further man-
agement of geriatric patients. Acute medical conditions
should of course be treated without hesitation. However
knowledge of functional status and its predicting ability
in terms of survival may influence decisions on factors
such as the extent of invasive investigations, treatments
associated with significant risk, and adding to the poly-
pharmacy burden of elderly patients. These issues re-
quire further exploration.

Appendix 1
Grouping of ICD-10 diagnosis: Infectious Diseases (A00-
B99), Cancer (C00-D48), Haematology (D50-D89), Endo-
crine (E00-E99), Psychiatric including Dementia (F00-
F99, G300-G309), Neurology (G00-G30, G31-G99),
Cardiovascular Diseases (I00-I99), Respiratory Diseases
(J00-J99), Gastrointestinal Diseases (K00-K93), Derma-
tology (L00-L99), Bone and Connective Tissue Diseases
(M00-M79, M86-M99) and Urology (N00-N99).

Appendix 2
Charlson Index (CCI) calculated from Patient Administra-
tive System ICD-10 diagnoses (rank; ICD-10 number): Is-
chaemic Heart Diseases and Myocardial Infarction (1; I21,
I22, I23, I25), Congestive Heart Failure (1; I50, I110, I130
I132), Peripheral Vascular Diseases (1; I70, I71, I72, I73,
I74, I77), Cerebrovascular Diseases (1; I60-I69, G45, G46),
Dementia (1; F00-F03, F051, G30), Chronic Pulmonary
Diseases (1; J40-J47, J60-J67, J684, J70.1, J703, J84.1, J920,
J961, J982, J983), Diabetes uncomplicated (1; E10, E101,
E109, E110, E111, E119, E140, E141, E149), Connective
Tissue Diseases (1; M05, M06, M08, M09, M30-M36,
D86), Upper Gastro-intestinal and Ulcer Diseases (1;
K221, K25-K28), Mild Liver Diseases (1; B18, K70-K703,
K709, K71, K73, K74, K76), Hemiplegia (2; G81, G82),
Moderate/severe Renal Diseases (2; I12, I13, N00-N05,
N07, N11, N14, N17-N19, Q61), Diabetes Mellitus with
Chronic Complications (2; E102-E108, E112-E118, E142-
E148), Leucaemia (2; C91-C95), Lymphoma (2; C81-C85,
C88, C90, C96), Moderate/severe Liver Diseases (2; B150,
B160, B162, B190, K704, K72, K766, I85), Metastatic solid
Cancer (6; C76-C80) and AIDS (6; B21-B24).
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