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Abstract
Objective—To determine whether peak expiratory flow (PEF), when expressed by a validated
method using standardized residual (SR) percentile, is associated with subsequent disability and death
in older persons.

Design—Prospective cohort study.

Setting—New Haven, Connecticut.

Participants—754 initially nondisabled, community-living persons aged 70 years or older.

Measurements—PEF was assessed at baseline along with chronic conditions and smoking history.
The onset of persistent disability in activities of daily living (ADL), continuous mobility disability,
and death were ascertained during monthly interviews over a five-year period.

Results—The mean age was 78.4 years; 63.7% had a smoking history and 17.4% reported chronic
lung disease. The incidence rates per 100 person-months (95% confidence intervals) were 1.00 (0.90,
1.12) for ADL disability, 0.80 (0.70, 0.93) for mobility disability, and 0.44 (0.38, 0.51) for death. At
a PEF < 10th SR-percentile, identifying nearly a quarter of the cohort, hazard ratios (HR) adjusted
for multiple confounders, including age, smoking, and chronic lung disease, demonstrated an
increased risk of ADL disability (HR [95% confidence interval]: 1.79 [1.23, 2.62]), mobility
disability (1.89 [1.15, 3.10]), and death (2.31 [1.29, 4.12]).

Conclusion—In our elderly cohort, we found that a diminished PEF, when expressed as an SR-
percentile, is independently associated with subsequent disability and death. These results support
the use of PEF as a potentially valuable risk assessment tool among community-living older persons.
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INTRODUCTION
Peak expiratory flow (PEF), defined as the maximum flow achieved during expiration
delivered with maximal force starting from maximal lung inflation,1 has several attributes that
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warrant its consideration as a risk assessment tool in older persons. First, it is a simple,
inexpensive, and readily available measure of pulmonary function.1 Second, in older persons,
PEF is cross-sectionally associated with health status and physical and cognitive function.2–
5 Third, a decreased PEF in older persons is longitudinally associated with cognitive decline,
institutionalization, and death.6–8 Fourth, in many cases, these associations persist even after
accounting for smoking status.2,4,5,8 As discussed below, however, these findings lack
generalizability because PEF has not been reported in a manner consistent with published
guidelines.1,9–11

In a normal reference population, PEF is influenced by the anthropometric variables of height,
age, and gender, and, when appropriate, ethnicity.1,9–11 Weight is not a predictor variable, as
obesity does not lead to a larger lung, although it may reduce pulmonary function.12,13 Thus,
when reporting PEF, a comparison needs to be made between what is measured and a reference
value, namely the predicted mean of a population of normal subjects having the same
anthropometric variables.1,9–11 In older persons, such a comparison is expressed effectively
as a standardized residual (SR), calculated as [(measured − predicted) / (standard deviation of
the residuals)].1,9,14 In this equation, the numerator is referred to as the residual, while the
denominator is a constant that quantifies the scatter of measured values about the predicted
mean (i.e., the spread of the reference data); a percentile based on the SR is then computed.9,
14

Importantly, prior studies in older persons have reported PEF either simply as a measured
value, without comparison to a predicted mean;3,4,6,7 or as a residual that is neither
standardized nor based on a correctly derived predicted mean, i.e., weight was used as a
predictor variable.2,5,8 Furthermore, despite the preeminence of functional outcomes in older
persons, prior studies of PEF have not evaluated the association of PEF and subsequent
disability.

In the present study, we set out to determine whether PEF, expressed as an SR-percentile, is
associated with subsequent disability and death in a cohort of initially nondisabled, community-
living older persons. 14 Such findings would support the use of PEF as a risk assessment tool
for outcomes that are relevant to independent living and longevity.

METHODS
Study Population

Participants were drawn from an ongoing longitudinal study of 754 initially nondisabled,
community-living persons, aged ≥ 70 years. The assembly of the cohort, which took place
between March 1998 and October 1999, has been described elsewhere.15 Potential participants
were identified from a computerized list of 3,157 age-eligible members of a large health plan
in greater New Haven, Connecticut. Eligible participants were community-living, English-
speaking, and nondisabled in four key activities of daily living (ADL) – bathing, walking,
dressing, and transferring. Persons scoring > 10 seconds on the rapid gait test were oversampled
to ensure a sufficient number of participants at increased risk for ADL disability, as described
previously.15 Slow gait speed has repeatedly been shown to be the single best predictor of ADL
disability.16–18 Health plan members were excluded on the basis of three criteria: diagnosis of
a terminal illness with a life expectancy less than twelve months, plans to move out of the New
Haven area during the next 12 months, and significant cognitive impairment with no available
proxy.15

Eligibility was determined during a screening telephone interview and was confirmed during
an in-home assessment. Only 4.6% of the 2,753 health plan members who were alive and could
be contacted refused to complete the screening telephone interview, and only 3.6% of otherwise
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eligible persons were excluded because of significant cognitive impairment and no available
proxy. Of the 1002 eligible members, 754 (75.2%) agreed to participate in the study. Persons
who refused to participate did not differ significantly from those enrolled in terms of age or
sex. The study protocol was approved by the Yale Human Investigation Committee.

Data Collection
At baseline, participants underwent a comprehensive home-based assessment by trained nurse
researchers who used standard instruments. Data were collected in several categories, including
demographic characteristics and smoking status; nine self-reported, physician-diagnosed
chronic conditions, including chronic lung disease; self-reported health; and cognitive status.
Chronic lung disease was present if the participant answered either “Yes” to – (Part A) “Has
a doctor ever told you that you have chronic lung disease such as chronic bronchitis, chronic
obstructive pulmonary disease (COPD), asthma, or emphysema?” or if the participant answered
“suspected/possible” to Part A and "Yes" to – (Part B) "Does your lung disease limit your usual
activities such as household chores?" Cognitive status was evaluated by the Mini-Mental State
Examination,19 with an abnormal score being < 24.

PEF
At baseline, a Mini-Wright meter (Clement Clarke International; Essex, England) measured
PEF using a standardized protocol, as previously described.14 Seven hundred and fifty
participants (99.5%) completed three PEF readings, with an additional 3 (0.4%) achieving at
least one reading, leaving 753 (99.9%) in our study population. The PEF test was largely
performed with good-to-excellent understanding (n=702 or 93%); the exclusion of participants
with less than good-to-excellent understanding (n=51 or 7%) had no appreciable effect on the
results. The highest PEF value (liters/minute) was used in the current analyses, regardless of
level of understanding in the performance of the PEF test. Variability in effort was minimal
with the intraclass correlation coefficient for the three PEF readings being 0.92 (95%
confidence interval: 0.91, 0.93).

As described in more detail elsewhere,14 we expressed the PEF measurements as a standardized
residual (SR), calculated as [(measured−predicted) / (standard deviation of the residuals)], and
thereafter converted to a SR-percentile. Based on guidelines set forth by the American Thoracic
Society and the European Respiratory Society, the predicted mean, including its range of
normal, should be determined in a reference population of asymptomatic never-smokers having
similar anthropometrics, namely height, age, and gender.1,9–11 Ethnicity was not considered
when defining normality since the vast majority (90.4%) of our cohort was non-Hispanic white.
Hence, our reference population for the predicted mean was defined as a subgroup of never-
smokers who were able to complete three PEF readings and who had no history of lung disease,
myocardial infarction, congestive heart failure, stroke or cancer (except for non-melanoma
type skin cancers). Separate regression models were fit for the male and female reference
groups. The resulting predictive equations were then used to calculate the predicted PEF for
the other participants in the cohort.1,9,14

We next classified PEF in categories or “stages” based on SR-percentiles and using cut-points
that are consistent with current clinical practice. For example, the National Asthma Education
and Prevention Program utilizes PEF cut-points at 80 and 50 percent of one’s personal best to
define asthma severity.20 Similarly, the Global Initiative for Obstructive Lung Disease
(GOLD) has established a staging scheme for COPD based on the forced expiratory volume
in 1 second (FEV1), with cut-points set at 80, 50, and 30 percent predicted.21 Although these
thresholds have not been rigorously validated, they nevertheless can be used to identify the
curvilinear relationship that is known to exist between spirometric measures of pulmonary
function and respiratory symptoms or physical activity.22,23 In the current study, because of
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the large number of participants with PEF values below the 30th SR-percentile, we added a
lower stage threshold. Hence, our staging cut-points were 80, 50, 30, and 10, expressed as SR-
percentile.

Outcomes
Our two disability outcomes—persistent ADL disability and continuous mobility disability—
were ascertained during monthly telephone interviews that were completed by trained research
assistants over the course of five years. Details regarding our assessment of disability, including
formal tests of reliability and accuracy, have been described elsewhere.24,25 ADL disability
was operationalized as the need for personal assistance or being unable to perform one or more
of the four key ADLs, and was considered persistent if present for at least two consecutive
months.24 Mobility disability was defined as the need for personal assistance or being unable
to walk ¼ mile or climb a flight of stairs, and was considered continuous if present for at least
six consecutive months.25 Deaths were ascertained by review of local obituaries and/or from
an informant. Death certificates were obtained for 174 (99%) of the 176 decedents and the
immediate cause of death was coded by a professional nosologist using the International
Classification of Diseases (ICD-10).

Thirty (4.0%) participants dropped out of the study after a median follow-up of 22 months.
Data were otherwise available for 99% of the 38,831 monthly telephone interviews.

Statistical Analysis
Incidence rates with 95% confidence intervals for persistent ADL disability, continuous
mobility disability, and death were expressed in person-months. The time to onset of each
outcome was evaluated using the Kaplan-Meier method with strata defined by baseline PEF
stage. The log rank test was used for statistical comparisons. Participants who were lost to
follow-up or who did not achieve the respective outcome over the five-year study period were
censored, while those who had mobility disability at baseline were excluded for the mobility
analysis. PEF stages were treated as nominal categories, with the best category (i.e., Stage 1)
serving as the reference group.

Cox regression models were subsequently used to estimate hazard ratios for the unadjusted
and adjusted associations between the independent variable and each of the three outcomes.
The independent variable included each PEF stage as compared with the reference stage.
Potential confounders were age, gender, smoking status, body mass index (BMI), health status,
chronic lung disease, number of other chronic conditions, cognitive status, and sampling design
(to account for oversampling persons with slow gait speed). Whereas smoking status, chronic
lung disease, and sampling design were forced into each multivariable model, the other
potential confounders were included in the final models only if they met a forward selection
criterion of p < 0.20.41,42 Higher order effects were tested for the continuous covariates (i.e.,
age and BMI) and included in the final models if they met the p < 0.20 criterion. Proportional
hazards assumptions for the mortality model were tested by graphical means and by inclusion
of interaction terms crossing the time-to-event outcome with each variable retained in the final
multivariable model. If statistically significant at the 0.05 level, these interaction terms were
retained in the final model. The proportional hazards assumption was not tested for the ADL
and mobility disability outcomes, as these were measures of average rather than instantaneous
risk (assessed over 2 and 6 months, respectively). Model goodness-of-fit was satisfied in all
cases. SAS version 9.1.3 (SAS Institute; Cary, NC) was utilized for all analyses and a p-value
< 0.05 (two-sided) was used to denote statistical significance.
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RESULTS
As shown in Table 1, participants had a mean age of about 80 years, were largely female and
white, and on average had a high school education and were not cognitively impaired. Smoking
exposure was substantial, with nearly two out of every three participants being current or former
smokers. The five most prevalent chronic conditions were hypertension, arthritis, diabetes,
myocardial infarction, and chronic lung disease.

As shown in Table 2, measured PEF values were higher in ever-smokers than never-smokers.
Relative to the predicted mean (adjusted for height, age, and gender), however, never smokers
had a higher (i.e., less negative) PEF when expressed as a standardized residual. The 753
participants were somewhat evenly distributed across the five PEF stages, but never-smokers
had the lowest proportion of participants in Stage 5. Nevertheless, regardless of smoking status,
PEF values at below the 10th SR-percentile (Stage 5) were prevalent, ranging from 17.5% in
never-smokers to 26.3% in ever-smokers.

The incidence rates per 100 person-months (95% confidence intervals) were 1.00 (0.90, 1.12)
for ADL disability, 0.80 (0.70, 0.93) for mobility disability, and 0.44 (0.38, 0.51) for death.
Persistent ADL disability and continuous mobility disability developed in 313 (41.6%) and
195 (34.8%) participants, respectively; and 176 participants (23.4%) died, with nearly half
(47.6%) of the deaths attributable to a cardiovascular cause. Figure 1 shows Kaplan-Meier
curves for each of the three outcomes over the five-year study period stratified by PEF stage.
A strong and statistically significant association was observed between PEF and the occurrence
of each outcome, although there was some overlap in curves, which was most apparent for
mobility disability (Stages 1–3) and persistent ADL disability (Stages 1–2 and 3–4). The
outcome rates were particularly high for participants with the most severely diminished PEF
(Stage 5).

Table 3 provides the hazard ratios for persistent ADL disability, continuous mobility disability,
and death over the five-year study period according to PEF stage. In both the unadjusted and
adjusted analyses, a graded relationship was generally observed between PEF and each
outcome. At a PEF < 10th SR-percentile (Stage 5), which identified nearly a quarter of the
cohort, the adjusted hazard ratios demonstrated clinically meaningful and statistically
significant increases in the risk for each of the three outcomes.

DISCUSSION
In a large cohort of community-living persons aged ≥ 70 years, we found that PEF, when
expressed as an SR-percentile, is associated with subsequent ADL disability, mobility
disability, and death, independent of multiple potential confounders, including age, smoking,
and chronic lung disease. These results suggest that PEF may be a potentially valuable risk
assessment tool among community-living older persons.

In a cohort of older persons, the mechanisms that underlie a diminished PEF, and corresponding
adverse outcomes, are likely to be multifactorial. One particularly important contributing factor
is cigarette smoke, as evidenced in the current study in which two-thirds of the participants
were either current or former smokers. Cigarette smoke is a leading cause of disability and
death worldwide, largely due to cardiovascular disease, cancer, and chronic lung disease.21,
26,27 Nearly one-fifth of our cohort reported chronic lung disease and about half of all deaths
were attributable to cardiovascular disease.

Environmental factors independent of cigarette smoke can also contribute to a diminished PEF.
Our participants resided in the greater New Haven area, which is ranked in the worst decile of
all counties in the United States in terms of air pollution.28 In a cross-sectional sample of 3,912
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adults who had never smoked, a 10-µg/m3 increase in daily nitrogen dioxide level, total
suspended particulates, or ozone was associated with reductions in pulmonary function.29

Furthermore, regardless of smoking status, long-term exposure to particulate air pollution has
been associated with increased cardiovascular events and death,30,31 with older persons being
particularly vulnerable.32–34 Another possible contributing factor to a decreased PEF is
asthma, which was included in our operational definition of chronic lung disease, and which
may be also adversely affected by exposure to air pollution and tobacco.35

We found, however, that the risk of ADL disability, mobility disability, and death, although
attenuated after adjustment for multiple confounders (including smoking and chronic lung
disease) remained statistically significant at a PEF < 10th SR-percentile. This result suggests
that other factors might contribute to the association between decreased PEF and adverse
outcomes. In particular, because achieving a maximal PEF is effort-dependent,1 impairments
in respiratory muscle strength, upper-extremity function (i.e., the PEF test requires that the
participant handle the peak flow meter), cognitive status (i.e., the PEF test requires multiple
steps), and mood may contribute to a diminished PEF, as well as to poor outcomes. Further
research is needed to more completely evaluate the reasons why PEF exerts a detrimental effect.

Our study has several strengths. Missing data or attrition were minimal, and outcomes were
monitored monthly over the course of five years. In addition, our use of the SR-percentile
method for reporting PEF overcomes the limitations of prior studies that have investigated the
association between PEF and adverse outcomes in older persons. The SR strategy effectively
compares an individual’s measured PEF to the predicted mean of a normal reference population
in accordance with published guidelines, and in a manner relevant to pulmonary function in
an older population.1,9,14

We recognize that PEF has diagnostic limitations in terms of detecting airway obstruction, as
reflected by its poor correlation with airway hyper-responsiveness and its limited sensitivity
relative to the forced expiratory volume in one second (FEV1).36 Nevertheless, our results
support the use of PEF in older persons not as a diagnostic measure of obstruction but, rather,
as a risk assessment tool. PEF is simple to measure, inexpensive, readily available, and, when
diminished, is associated with subsequent disability and death, independent of smoking status
and chronic lung disease. In contrast, FEV1 measurements, even via a portable spirometer, are
more expensive and require a respiratory maneuver that cannot be performed adequately in a
large proportion of older persons who are frail but cognitively intact.37 In future studies, we
plan to evaluate whether PEF or FEV1 is more strongly associated with adverse health and
functional outcomes among community-living older persons.

Whether PEF provides useful prognostic information above and beyond other geriatric risk
assessment tools, such as gait speed, is uncertain, but should be the focus of future research.
Based on our results, however, PEF compares favorably with gait speed as a geriatric risk
assessment tool. For example, in our fully adjusted model, a PEF cut point < 10th SR-percentile,
identifying nearly a quarter of our cohort, was associated with an increased risk of ADL
disability, mobility disability, and death of 79%, 89%, and 131%, respectively. In comparison,
prior work has shown that gait speed, at a cut point < 1.0 meter/second, confers an increased
risk of mobility disability and death of 120% and 64%, respectively.40

The results of the current study are applicable to clinical practice. Our elderly cohort is similar
to those of other studies that evaluated older persons, in terms of smoking exposure and the
prevalence of chronic lung disease.2,5,8,17,38,39 Nonetheless, the PEF thresholds documented
in the current study for disability and death may differ for patient populations that have
dissimilar exposures or clinical characteristics. The current study also focused on only a single
PEF assessment. In future studies, we plan to evaluate changes in PEF over time and to
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determine whether these changes confer valuable prognostic information beyond that of a
single assessment.

In conclusion, in a large cohort of community-living older persons, we found that a diminished
PEF, expressed as an SR-percentile, is associated with subsequent disability and death,
independent of multiple confounders, including age, smoking, and chronic lung disease. These
results support the use of PEF as a potentially valuable risk assessment tool among older
persons.
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Figure 1. Kaplan-Meier curves stratified by peak flow (PEF) stage
For the analysis of disability in activities of daily living (ADL) and death, the number of
participants at risk in stages 1 through 5 was 120, 160, 127, 172, and 174, respectively, for a
total of 753. For the analysis of mobility disability, the number of participants at risk in stages
1 through 5 was 102, 129, 95, 122, and 112, respectively, for a total of 560. Statistical
significance was determined by the log rank test.
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Table 1

Baseline characteristics of study participants, N=753*

Characteristic Mean (SD) or No. (%)

Age in years 78.4 (5.3)

Women 487 (64.7)

Non-Hispanic white 681 (90.4)

Education in years 12.0 (2.9)

Smoking status

    Current 63 (8.4)

    Former 416 (55.2)

    Never 274 (36.4)

MMSE score 26.8 (2.5)

Fair-to-poor self-reported health 211 (28.0)

Chronic lung disease 131 (17.4)

Other chronic conditions

    Hypertension 416 (55.3)

    Arthritis 227 (30.2)

    Diabetes mellitus 137 (18.2)

    Myocardial infarction 135 (17.9)

    Cancer (other than minor skin cancers) 124 (16.5)

    Fracture other than hip since 50 years of age 98 (13.0)

    Stroke 65 (8.6)

    Congestive heart failure 48 (6.4)

*
One of the 754 participants did not achieve a peak flow (PEF) reading

SD= standard deviation; MMSE= Mini-Mental State Examination19
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Table 2

Measured peak flow (PEF) for all participants, never-smokers, and ever-smokers

PEF All Participants
N=753

Never-Smokers
N=274

Ever-Smokers
N=479

Measured PEF in liters/minute*
356 (122) 344 (111) 363 (127)

 Mean (SD)

Measured PEF as a standardized
residual† −0.44 (1.30) −0.28 (1.18) −0.54 (1.35)
 Mean (SD)

PEF Stage (SR-Percentile) No. (%) No. (%) No. (%)

 Stage 1 (80–100) 120 (15.9) 44 (16.1) 76 (15.9)

 Stage 2 (50–79) 160 (21.3) 72 (26.3) 88 (18.4)

 Stage 3 (30–49) 127 (16.9) 47 (17.2) 80 (16.7)

 Stage 4 (10–29) 172 (22.8) 63 (23.0) 109 (22.8)

 Stage 5 (< 10) ‡ 174 (23.1) 48 (17.5) 126 (26.3)

*
p= 0.04 for comparison of never-smokers versus ever-smokers.

†
p= 0.006 for comparison of never-smokers versus ever-smokers.

‡
p= 0.006 for comparison of never-smokers versus ever-smokers, relative to all other stages combined.

SD= standard deviation; SR= standardized residuals.

J Am Geriatr Soc. Author manuscript; available in PMC 2009 December 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Vaz Fragoso et al. Page 13

Ta
bl

e 
3

H
az

ar
d 

ra
tio

s f
or

 d
is

ab
ili

ty
 a

nd
 d

ea
th

 o
ve

r f
iv

e 
ye

ar
s a

cc
or

di
ng

 to
 p

ea
k 

flo
w

 (P
EF

) s
ta

ge
*

PE
F 

St
ag

e
(S

R
-P

er
ce

nt
ile

)

D
is

ab
ili

ty
D

ea
th

A
ct

iv
iti

es
 o

f D
ai

ly
 L

iv
in

g
M

ob
ili

ty
 †

U
na

dj
us

te
d 

H
R

(C
I)

N
=7

53

A
dj

us
te

d 
H

R
(C

I)
N

=7
53

U
na

dj
us

te
d 

H
R

(C
I)

N
=5

60

A
dj

us
te

d 
H

R
(C

I)
N

=5
59

U
na

dj
us

te
d 

H
R

(C
I)

N
=7

53

A
dj

us
te

d 
H

R
(C

I)
N

=7
52

St
ag

e 
1

(8
0–

10
0)

1.
00

1.
00

1.
00

1.
00

1.
00

1.
00

St
ag

e 
2

(5
0–

79
)

0.
91

(0
.6

0–
1.

37
)

0.
92

(0
.6

1,
 1

.3
9)

1.
08

(0
.6

6–
1.

76
)

0.
89

(0
.5

4,
 1

.4
7)

1.
50

(0
.8

2–
2.

75
)

1.
71

(0
.9

2,
 3

.1
5)

St
ag

e 
3

(3
0–

49
)

1.
28

(0
.8

5–
1.

91
)

1.
19

(0
.7

9,
 1

.7
9)

1.
08

(0
.6

4–
1.

83
)

0.
98

(0
.5

8,
 1

.6
8)

1.
94

(1
.0

6–
3.

54
)

1.
76

(0
.9

6,
 3

.2
5)

St
ag

e 
4

(1
0–

29
)

1.
33

(0
.9

1–
1.

94
)

1.
24

(0
.8

5,
 1

.8
2)

1.
63

(1
.0

3–
2.

60
)

1.
40

(0
.8

6,
 2

.2
6)

1.
86

(1
.0

4–
3.

32
)

1.
68

(0
.9

3,
 3

.0
2)

St
ag

e 
5

(<
 1

0)
2.

13
(1

.4
8–

3.
05

)
1.

79
(1

.2
3,

 2
.6

2)
2.

49
(1

.5
8–

3.
93

)
1.

89
(1

.1
5,

 3
.1

0)
2.

89
(1

.6
6–

5.
02

)
2.

31
(1

.2
9,

 4
.1

2)

* St
ag

e 
1 

is
 th

e 
re

fe
re

nc
e 

gr
ou

p.
 E

ac
h 

of
 th

e 
ad

ju
st

ed
 m

od
el

s i
nc

lu
de

d 
sm

ok
in

g 
st

at
us

, c
hr

on
ic

 lu
ng

 d
is

ea
se

, a
nd

 sa
m

pl
in

g 
de

si
gn

; o
th

er
 fa

ct
or

s w
er

e 
in

cl
ud

ed
 if

 th
ey

 m
et

 th
e 

cr
ite

ria
 d

es
cr

ib
ed

 in
 th

e 
St

at
is

tic
al

A
na

ly
si

s s
ec

tio
n.

 T
he

re
 w

as
 o

ne
 m

is
si

ng
 B

M
I v

al
ue

 in
 th

e 
ad

ju
st

ed
 m

ob
ili

ty
 a

nd
 m

or
ta

lit
y 

m
od

el
s.

† Th
os

e 
w

ith
 m

ob
ili

ty
 d

is
ab

ili
ty

 a
t b

as
el

in
e 

w
er

e 
ex

cl
ud

ed
.

SR
=s

ta
nd

ar
di

ze
d 

re
si

du
al

; H
R

= 
ha

za
rd

 ra
tio

; C
I=

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
.

J Am Geriatr Soc. Author manuscript; available in PMC 2009 December 17.


