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Abstract

OBJECTIVES: To study the epidemiology of gait disorders in community-residing older adults and
their association with death and institutionalization.

DESIGN: Community-based cohort study.
SETTING: Bronx County and the research center at Albert Einstein College of Medicine.

PARTICIPANTS: The Einstein Aging study recruited 488 adults aged 70 to 99 between 1999 and
2001. At entry and during annual visits over 5 years, subjects received clinical evaluations to
determine presence of neurological or nonneurological gait abnormalities.

MEASUREMENTS: Prevalence and incidence of gait disorders based on clinical evaluations and
time to institutionalization and death.

RESULTS: Of 468 subjects (95.9%) with baseline gait evaluations, 168 had abnormal gaits: 70
neurological, 81 nonneurological, and 17 both. Prevalence of abnormal gait was 35.0% (95%
confidence interval (Cl)=28.6-42.1). Incidence of abnormal gait was 168.6 per 1,000 person-years
(95% Cl=117.4-242.0) and increased with age. Men had a higher incidence of neurological gait
abnormalities, whereas women had a higher incidence of nonneurological gaits. Abnormal gaits were
associated with greater risk of institutionalization and death (hazard ratio (HR)=2.2, 95%
Cl=1.5-3.2). Therisk was strongly related to severity of impairment; subjects with moderate to severe
gait abnormalities (HR=3.2, 95% CI=1.9-5.2) were at higher risk than those with mild gait
abnormalities (HR=1.8, 95% CI=1.0-2.8).

CONCLUSION: The incidence and prevalence of gait disorders are high in community-residing
older adults and are associated with greater risk of institutionalization and death.
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Gait is routinely examined in clinical practice to assess the health of older adults.l Abnormal
gait has been associated with greater risk for adverse outcomes in older adults such as

Address correspondence to Joe Verghese, MD, Einstein Aging Study, Albert Einstein College of Medicine, 1165 Morris Park Avenue,
Room 338, Bronx, NY 10461. E-mail: jverghes@aecom.yu.edu.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Verghese et al.

Page 2

|mmob|I|ty falls, and dementia, which in turn lead to loss of functional independence and
death.2~7 Abnormal %alt may result from neurological (e.g., strokes) or nonneurological (e.g.,
arthritis) conditions. Neurological gait abnormalities result from focal or diffuse lesions
occurring in the neural pathways linking the cortical motor centers to the peripheral
neuromuscular systems.—*%~ Nonneurological gait abnormalities usually present with slow
gait due to limitations resulting from musculoskeletal, cardiac, or respiratory diseases. Some
gait patterns, such as slowing or short steps, that were previously considered to be part of
normal aging® are now being recognized as disease markers.

Although abnormal gait is said to be common with advancing aLge,l‘9 the epidemiology of gait

disorders in older adults is not well established. Incidence data of gait disorders, which are

crucial for assessing the association between sociodemographic and medical risk factors and

abnormal gait, are lacking. Previous prevalence estimates are unlikely to capture the full

spectrum of gait disorders in the community, because they are derived from clinic samples '
focus on specific gait subtypes,6 or use functional assessments and self- report.z’7

The Einstein Aging Study,lol11 a longitudinal study of community-residing older adults,
provided the opportunity to study the prevalence and incidence of gait disorders and report
their association with risk of death and institutionalization over a 5-year study period. Defining
the epidemiology of abnormal gait offers the possibility of introducing therapeutic
interventions early to reduce adverse outcomes in older adults.

METHODS
Study Population

Subjects were participants in the Einstein Aging Study.lov11 Eligibility criteria for the study
were aged 70 and older, community residing, and English speaking. Exclusion criteria included
severe audiovisual disturbances and bedbound because of illness. Individuals were identified
from Medicare lists of older adults in Bronx County. From this list, 31,335 potential subjects
were selected randomly and contacted with a letter explaining the purpose and nature of the
study. They were then contacted by telephone (46% successfully contacted). The telephone
interview included oral consent, medical history questionnaire, and cognitive screening tests.
10 At the end of the interview, a computerized randomization procedure chose an age-stratified
sample of 613 subjects from those who gave oral consent, oversampling from older age groups.
Potential subjects were invited for further evaluation at the clinical research center based at the
Albert Einstein Medical College. Written informed consent was obtained according to
protocols approved by the local institutional review board. Between 1999 and 2001, 488
subjects were enrolled. Subjects returned at 12- to 18-month intervals. Follow-up is reported
through May 2004. Mean age + standard deviation at enrollment was 77.4 £ 5.2 (range 70-99).
The subjects in the inception cohort were mostly women (59%); 67% were white (black 27%).

Clinical Gait Assessment

At each visit, study clinicians performed structured neurological evaluations, which included
assessment of cranial nerves, muscle strength, sensation, and deep tendon reflexes. 4,10,11 Gajt
patterns and turns were observed while subjects walked up and down a well-lit hallway at their
normal pace. Study clinicians determined whether gaits were normal or abnormal after visual
inspection of gait. Abnormal gaits were further subtyped as nonneurological (from causes such
as arthritis, cardiac disease, chronic lung disease, and peripheral vascular disease) or
neurologlcal (unsteady, ataxic, frontal, parkinsonian, neuropathic, hemiparetic, and spastic).
Neurologlcal gait abnormalities were subtyped as unsteady if subjects experienced marked
swaying or losing balance under two or more of the following conditions: while walking in a
straight line or in tandem or while making turns. Ataxic (cerebellar) gait is wide based, with
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other cerebellar signs such as intention tremor. Ataxic and unsteady gaits were combined,
because they share clinical features such as wide base and poor balance. Patients with
neuropathic gaits have foot drop, sensory loss, and depressed deep tendon reflexes. Short steps,
wide base, and difficulty lifting the feet off the floor characterize frontal gait. Older people
with parkinsonian gaits have small shuffling steps, flexed posture, absent arm swing, en bloc
turns, and festination. Patients with hemiparetic gait swing a leg outward and in a semicircle
from the hip (circumduction). In spastic gait, both legs circumduct and when severe cross in
front of one another (scissoring). See for Web links to videos of abnormal neurological gait
subtypes.

Study clinicians ranked multiple subtypes if present within neurological or nonneurological
categories. For this analysis, the highest-ranked subtype was used, although if abnormal gaits
resulted from both neurological and nonneurological causes, they were classified and reported
as “combined.” Abnormalities were clinically graded as mild (walks without assistance),
moderate (uses walking aids), or severe (uses a wheelchair or stands with assistance).

Clinicians who evaluated gaits at study visits were blinded to results of previous assessments.
Eighty-nine percent agreement (kappa = 0.6) was reported on gait classification as neurological
or not neurological during study evaluations conducted a year apart in 189 subjects in the Bronx
Aging Study.™ Interrater reliability, studied prospectively, between two study clinicians who
independently assessed gait (normal vs any abnormal gait) in 30 subjects from the present
cohort was good (kappa = 0.8).11

Subjects, family members, and caregivers were interviewed at study visits about
sociodemographic variables, medical illnesses, medications, and activities of daily living.
Cognition was assessed using a neuropsychological test battery.lolllHerein, Blessed
Information Memory Concentration test,12a general mental status test, is reported. Depressive
symptoms were assessed using the Geriatric Depression Scale.13Information on outcomes
such as hospitalizations and institutionalization was collected. Medical records and primary
care providers were also consulted for additional information.

Data Analysis

Baseline characteristics were compared using descriptive statistics, applying nonparametric
testsas appropriate.14 To adjust for the age-stratified sampling design, sampling weights based
on age at enrollment were used. Age- and sex-specific prevalence rates were estimated using
aweighted logistic regression model. Incidence rates were estimated using a Poisson regression
model accounting for person-years of follow-up of each subject. Standard errors for prevalence
and incidence rates were calculated using replication-based variance estimation.1® Incident
cases were defined as when abnormal gait was first diagnosed on follow-up. Subjects with
prevalent gait abnormalities (pure and combined) were excluded for the incidence analysis.
Tests for trends in incidence and prevalence were calculated from age-specific estimates. 16

Cox proportional hazards models were used to compute hazard ratios (HRs, with 95%
confidence intervals (Cls)) to compare risk of death, institutionalization (nursing home or
assisted living facility placement), or both in subjects with baseline abnormal gaits or subtypes
with risk in unaffected people, adjusted for age and sex.1” Time to event was from entry to
death, institutionalization, or final contact.
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Baseline Characteristics

Prevalence

Incidence

Of the 468 subjects (95.9%) with gait evaluations at entry, 168 were diagnosed with abnormal
gaits: 70 neurological, 81 nonneurological, and 17 combined. Unsteady gait (46.6%) was the
most common neurological gait abnormality subtype, followed by hemiparetic (26.4%), frontal
(12.6%), parkinsonian (9.3%), neuropathic (4.1%), and spastic (1.0%). Causes of pure
nonneurological gait abnormalities included arthritis or joint deformities (84.8%), chronic lung
disease (6.2%), angina pectoris (4.0%), cardiac failure (3.1%), and peripheral vascular disease
(1.9%). Prevalence of moderate to severe abnormal gait was higher in subjects with
nonneurological gait abnormalities than in those with neurological gait abnormalities (33.3%
vs 17.1%, P=.02). Table 1 shows that subjects with abnormal gait were older (P<.001), had
higher Blessed test scores (P=.01), and had more depressive symptoms (P<.001) at entry. There
were no significant sex or race differences by gait status. Subjects with abnormal gaits had a
higher prevalence of hypertension (P=.002), diabetes mellitus (P=.01), myocardial infarctions
(P=.02), and strokes (P<.001).

The weighted overall prevalence estimate of any abnormal gait was 35.0% (95%
Cl=28.6-42.1). The prevalence of any neurological gait abnormalities, including combined,
was 15.7% (95% C1=11.1-21.7) and of any nonneurological gait abnormalities was 20.8%
(95% CI1=15.9-26.7). Age-specific prevalence rates are shown in Table 2. Prevalence of
abnormal gaits was not different between men (prevalence 35.5%, 95% Cl=26.1-46.2) and
women (prevalence 34.7%, 95% CI=27.0-43.3). There were also no significant sex differences
in prevalence of gait subtypes. Most abnormal gaits were mild, with an overall prevalence of
25.8% (95% CI1=20.2-32.4). Prevalence of moderate abnormalities was 6.0% (95%
Cl=3.7-9.6). Severe abnormalities were less common in this community-based sample, with
an overall prevalence of 3.2% (95% Cl=1.4-7.3).

Of 300 subjects with normal gaits at baseline, 73 developed abnormal gaits over 345 person-
years: 29 neurological, 34 nonneurological, and 10 combined. The weighted incidence of any
abnormal gait was 168.6 per 1,000 person-years (Table 3), and increased with age (P for trend
=.005). The incidence of abnormal gaits in men (165.6 per 1,000 person-years) and women
(170.5 per 1,000 person-years) was similar, although men had a higher incidence of
neurological gait abnormalities (153.5 per 1,000 person-years, 95% C1=92.7-254.2) than
women (73.8 per 1,000 person-years, 95% C1=41.4-131.6), whereas women (132.7 per 1,000
person-years, 95% CI1=82.9-212.6) had a higher incidence of nonneurological gait
abnormalities than men (57.8 per 1,000 person-years, 95% C1=25.4-131.2).

Of the 378 subjects with normal gait or pure nonneurological gait abnormality (excluding
combined) at baseline, 63 developed neurological gait abnormalities over 452 person-years
(incidence 103.1 per 1,000 person-years). Of the 370 subjects with normal gait or pure
neurological gait abnormalities (excluding combined) at baseline, 51 developed
nonneurological gait abnormalities over 421 person-years (incidence 103.1 per 1,000 person-
years). The incidence of neurological gait abnormalities was higher than nonneurological gait
abnormalities in subjects aged 80 and older (Table 3).

The association between chronic medical illnesses (Table 1) and incident neurological or
nonneurological gait abnormalities was also examined, adjusted for age, sex, and Blessed score.
Stroke (HR = 2.6, 95% CI = 1.3-5.1) and hypertension (HR = 1.9, 95% CI = 1.1-3.2) at baseline
independently predicted risk of incident neurological abnormality. Only arthritis (HR = 3.0,
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95% CI = 1.4-6.2) predicted risk of nonneurological gait abnormalities. Excluding subjects
who died or using age as the time scale in the model to better account for differing risk based
on age at entry did not change predictors or their significance.

Gait, Institutionalization, and Death

Subjects were censored at last contact or at study outcome (mean follow-up 1.7 = 0.8 years).
Of the 468 subjects, 422 returned for follow-up gait evaluations 1 year later. Of the 44 subjects
who did not return after their first visit, six died and four were institutionalized. Over the 5-
year study period, 30 subjects died (15 with abnormal gait at baseline), 75 were institutionalized
(43 abnormal gaits), 15 relocated, 33 were lost to contact, 16 stopped participation because
they had become caregivers for family members, and 59 refused to continue. Mean follow-up
in subjects who dropped out without reaching a study outcome was 1.3 £ 0.9 years. Table 4
and Figure 1 show that risk of death and institutionalization for those with abnormal gaits was
2.16 times that of those without it (95% CI = 1.45-3.24), which was mainly due to
institutionalization over this short study period (HR = 2.12, 95% CI = 1.33-3.37). Neurological
but not nonneurological gait abnormalities were associated with greater risk of
institutionalization.

Potential confounders for the association between gait and the study outcomes included
dementia and vascular risk factors such as hypertension and stroke,4v18'21 although the results
were unchanged when the models were adjusted for medical illnesses and Blessed scores. 12
There was no significant interaction between age and gait (P = .60). When subjects who
developed incident gait abnormalities by the second year were excluded, the associations
between neurological (HR =2.32,95% CI = 1.02- 5.27) and nonneurological gait abnormalities
(HR=2.22,95% CI = 1.01-4.86) and risk of death were strengthened. Excluding subjects who
died before institutionalization strengthened the association between nonneurological gait
abnormality and institutionalization, but the results were not significant (data not shown).

The effect of the severity of gait impairment on outcomes was also examined (Table 4). Risk
of institutionalization and death was greater in subjects with moderate to severe abnormalities
(HR =3.18, 95% CI = 1.94-5.21) than in those with mild abnormalities (HR = 1.76, 95% CI
= 1.01-2.84). Subjects with all grades of severity of neurological gaits were at greater risk of
institutionalization. Although the overall association with death was not significant for both
gait subtypes, moderate to severe abnormalities of both gait subtypes at baseline showed strong
associations with the risk of death.

DISCUSSION

This is the first study, to the authors' knowledge, to report the prevalence and incidence of gait
disorders in community-residing older adults using systematic assessments of neurological and
nonneurological gait abnormalities. A high incidence of abnormal gait, which increased with
advancing age, was found. Although there were no sex differences in the incidence of abnormal
gaits overall, men had a higher incidence of neurological gait abnormalities, and women had
a higher incidence of nonneurological gait abnormalities. This sex difference may relate to
differing medical risk factors. For instance, arthritis is more common in older women and is a
major contributor to nonneurological gait abnormalities.22+23 Incidence data based on
comprehensive gait evaluations are lacking. The cumulative incidence of severe walking
disability (gait velocityo < 40 cm/ s or inability to walk one quarter of a mile) over 3 years in
the Women's Health and Aging Study was 22.8%,7 although women with mild or moderate
disability at baseline were not excluded from the estimates.

The prevalence estimates in the current study are compatible with previous studies.8:7,18,19,
24 The weighted prevalence of abnormal gait was lower in subjects aged 85 and older, which
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the lower prevalence of nonneurological gait abnormalities in this age group explains. The
lower prevalence may reflect participation bias or poor survival in the community, as suggested
by the higher risk of adverse outcomes with increasing gait severity. Moreover,
nonneurological gaits were more severe than neurological gait abnormalities in this sample.
Incidence of nonneurological gait abnormalities showed the expected increasing trend with
age.

As previously reported,18'20 subjects with neurological gait abnormalities had a higher
prevalence of cardiovascular diseases. Moreover, hypertension and strokes predicted risk of
incident neurological gait abnormality. Only arthritis predicted incident nonneurological gait
abnormalities. Although these findings suggest causality, a caveat is that evidence of medical
illness during evaluation could influence subtyping of abnormal gaits, although knowledge of
medical illnesses did not appear to unduly bias study clinicians, as suggested by the high
frequency of etiological causes of nonneurological gait abnormalities such as arthritis (59%)
and chronic lung disease (13%) in subjects diagnosed with pure neurological gait
abnormalities.

Of the subjects with neurological gait abnormalities at enrollment, 55% remained stable, 19%
worsened, 8% had milder impairment, and 18% were normal by their second follow-up visit.
It is likely that the gait fluctuations may influence point estimates of incidence, although the
low back-conversion rate of abnormal gaits to normal suggests that these fluctuations may not
have a significant effect on estimates. More-closely spaced examinations may better identify
fluctuations in gait status but may not be feasible in cohort studies with large number of subjects
because of resource constraints. The gait classification procedures in the current study evolved
out of assessment techniques employed in clinical practice. Hence, neurological gait
abnormalities were subtyped syndromically, whereas nonneurological gait abnormalities were
classified etiologically. Nonneurological gait abnormalities are generally, but not invariably
(as in the case of long-standing joint deformities), associated with slow Zcgait that may result
from symptoms such as pain, stiffness, or reduced exercise tolerance.18,24,25 Nonneurological
gait abnormalities might, hence, be considered as limitations in mobility rather than true gait
disorders resulting from lesions in gait pathways as seen with neurological gait abnormalities.
Many studies have used slow gait without reporting underlying neurological or
nonneurological causes to determine mobility limitations and predict adverse outcomes.2:7»
26 The classification in the current study, which includes causes for nonneurological gait
impairments besides arthritis, will facilitate comparisons with previous studies. Although other
classifications for neurological gait abnormalities have been described,l’27 they have not been
validated in clinical settings or do not consider nonneurological causes.

A hierarchical progression of risk for death and institutionalization was found with increasing
severity of gait abnormality. The results remained significant even after adjusting for cognitive
impairment, which independently predicts death.28 Institutionalization mostly explained the
association between abnormal gait and the study outcomes over the short follow-up, but
moderate to severe neurological and nonneurological gait abnormalities were associated with
greater risk of death. Like in other cohort studies, attrition may result from informative (death)
and noninformative (relocation) censoring. The latter does not require correction, whereas the
former may affect results. For instance, the association between gait and institutionalization
may be underestimated because of deaths before institutionalization. The high incidence of
abnormal gaits can also lead to underestimation of effects. The association between abnormal
gait and death was strengthened when subjects who developed incident gait abnormalities in
the first year were excluded. Although risk of death has been related to specific neurological
gait abnormalities,6:29 a greater risk of death with neurological gaits overall is reported.
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The strengths of this study included the populationbased recruitment from a defined geographic
area, systematic gait evaluation using procedures validated in this population, and weighting
of the estimates to account for the study design and recruitment. A limitation was the modest
sample size, which resulted in wide confidence intervals for the estimates. The study design
may have led to underestimation of severe gait abnormalities, although subjects with severe
gait abnormalities are more likely to be seen in institutional settings. O1tis likely that the
associations between institutionalization and death in this study might have been strengthened
if there had been more subjects with severe gait abnormalities.

This study has important implications for public health and clinical practice. This and previous
studies have reported that abnormal gait predicts greater risk of falls, dementia,
institutionalization, and death.4-31 The high prevalence and incidence of abnormal gait and its
association with multiple adverse outcomes in older adults requires urgent attention. Although
subjects with abnormal gaits were only one-third of the sample, 58% of the overall number of
deaths and institutionalizations over the 5-year study period occurred in these subjects.
Abnormal gaits, hence, are a proxy measure for underlying diseases, which in themselves are
the underlying cause of adverse outcomes. Risk factors such as hypertension, stroke, and
arthritis were more common in subjects with abnormal gaits, suggesting possible targets for
intervention. Risk of adverse outcomes was directly related to the severity of gait impairment.
Hence, identifying gait abnormalities early may help identify high-risk older adults and provide
a window of opportunity to institute interventions to slow the progression of gait impairment
or reduce risk of secondary outcomes.
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Kaplan-Meier survival curves comparing risk of death and institutionalization over the 5-year
study period of subjects with abnormal gaits at enrollment and subjects with normal gaits.
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Table 1

Baseline Characteristics of Subjects with and without Gait Abnormalities
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Characteristic

Normal (n=300)

Abnormal (n=168)

Neurological (n=70)

Nonneurological (n=81)

Age, mean + SD

Female, %

Race, %

White

Black

Blessed test score, mean + SD
(range 0-32,>7 abnormal)
Geriatric Depression Scale score,
mean + SD (range 0-15)
Medical illnesses, %
Hypertension

Previous myocardial infarction
Cardiac failure

Chronic lung disease

Diabetes mellitus

Strokes

Parkinson's disease
Depression

Arthritis

76.8+4.9
58.0

72.0
23.8

25+28

21+22

78657
58.8

72.8
22.8

32+29%
35+277

6a.8f
16.7
5.9
155
20.87
1617
5.4
8.9
72,61

78.7+5.6

57.6

77.4
20.2

35+31

34+26

64.9

69.1
24.7

3.1+29

3.7+29

65.4
18.8
3.7
17.3
20.9
12.3
1.2
8.6
85.1

785+5.7

Note: Statistical comparisons are between subjects with normal and abnormal gaits at baseline.

SD = standard deviation.

*
Includes pure cases only, with combined gait abnormalities excluded.

¢P< .05

To1
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Table 2

Age-Specific Prevalence of Gait Disorders, Adjusted for Study Design
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Gait Status

Age

70-74 (n = 171)

75-79 (n = 141) 80-84 (n = 98) >85 (n = 58)

Total (N = 468)

% (95% Confidence Interval)

Abnormal (n =
168)
Neurological (n =
87)
Nonneurological
(n=98)

24.3 (16.4-34.50)
12.3 (6.5-22.1)

12.3 (7.1-20.3)

40.1 (29.0-52.4) 59.4 (46.5-71.2) 45.9 (26.5-66.7)
9.8 (4.6-19.7) 24.8 (14.5-39.1) 28.6 (12.7-52.5)
30.4 (19.9-43.4) 34.6 (23.3-47.9) 17.3 (6.1-40.3)

35.0 (28.6-42.1)
15.7 (11.1-21.7)

20.8 (16.0-26.7)
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Table 4
Risk of Death, Institutionalization, or Both over the 5-Year Study Period by Baseline Gait Status, Adjusted for

Age and Sex

Institutionalization (n = 75) Death (n = 30) Instltutlon(arilia;gn or Death

Gait N =468 Hazard Ratio (95% Confidence Interval)

Any abnormality

Overall 168 2.12(1.33-3.37) 1.63 (0.79-3.36) 2.16 (1.45-3.24)
Normal 300 1 (reference) 1 (reference) 1 (reference)
Mild 118 1.99 (1.18-3.36) 0.89 (0.32-2.51) 1.76 (1.01-2.84)
Moderate-severe 50 2.67 (1.47-4.84) 3.66 (1.62-8.29) 3.18(1.94-5.21)
Neurological

Overall 87 2.35(1.46-3.81) 2.02 (0.92-4.48) 2.39 (1.55-3.61)
Normal/nonneurological 381 1 (reference) 1 (reference) 1 (reference)
Mild 63 2.38(1.35-4.20) 1.17 (0.34-3.95) 2.07 (1.23-3.51)
Moderate-severe 24 2.31 (1.15-4.66) 3.32(1.27-8.69) 2.85(1.62-5.03)
Nonneurological

Overall 98 1.29 (0.79-2.13) 1.99 (0.94-4.22) 1.55 (1.02-2.36)
Normal/neurological 370 1 (reference) 1 (reference) 1 (reference)
Mild 61 0.98 (0.51-1.88) 0.79 (0.23-2.71) 1.00 (0.66-1.79)
Moderate-severe 37 1.87 (0.99-3.53) 4.13 (1.80-9.48) 2.54 (1.52-4.23)

J Am Geriatr Soc. Author manuscript; available in PMC 2006 March 17.



