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Background-—As the U.S. population grows older, there is greater need to examine physical independence. Previous studies have
assessed risk factors in relation to either disability or mortality, but an outcome that combines both is still needed.

Methods and Results-—The Cardiovascular Health Study is a population-based, prospective study where participants underwent
baseline echocardiogram, measurement of carotid intima-media thickness (IMT), and various biomarkers, then followed for up to
18 years. Years of able life (YAL) constituted the number of years the participant was able to perform all activities of daily living.
Linear regression was used to model the relationship between selected measures and outcomes, adjusted for confounding
variables. Among 4902 participants, mean age was 72.6�5.4 years, median YAL for males was 8.8 (interquartile range [IQR], 4.3
to 13.8) and 10.3 (IQR, 5.8 to 15.8) for females. Reductions in YAL in the fully adjusted model for females and males, respectively,
were: �1.34 (95% confidence interval [CI], �2.18, �0.49) and �1.41 (95% CI, �2.03, �0.8) for abnormal left ventricular (LV)
ejection fraction, �0.5 (95% CI, �0.78, �0.22) and �0.62 (95% CI, �0.87, �0.36) per SD increase in LV mass, �0.5 (95% CI,
�0.7, �0.29) and �0.79 (95% CI, �0.99, �0.58) for IMT, �0.5 (95% CI, �0.64, �0.37) and �0.79 (95% CI, �0.94, �0.65) for
N-terminal pro-brain natriuretic peptide, �1.08 (95% CI, �1.34, �0.83) and �0.73 (95% CI, �0.97, �0.5) for high-sensitivity
troponin-T, and �0.26 (95% CI, �0.42, �0.09) and �0.23 (95% CI, �0.41, �0.05) for procollagen-III N-terminal propeptide. Most
tested variables remained significant even after adjusting for incident cardiovascular (CV) disease.

Conclusions-—In this population-based cohort, variables obtained by CV imaging and biomarkers of inflammation, coagulation,
atherosclerosis, myocardial injury and stress, and cardiac collagen turnover were associated with YAL, an important outcome that
integrates physical ability and longevity in older persons. ( J Am Heart Assoc. 2015;4:e001745 doi: 10.1161/
JAHA.114.001745)
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T he concept of “healthy” or “successful” aging has been
the subject of research for decades. It lacks a universal

definition, however, because older adults’ perception of
healthy aging is heterogeneous and might not be in complete
accord with scientific definitions.1,2 Nevertheless, mainte-
nance of physical ability remains a consistent component in
any definition. Given that the number of persons 85 and older

is projected to double and reach 19 million by 2025,3

investigating determinants of mortality is of great importance
—but preserving physical ability, a marker of independence, is
a key goal for healthy aging. In fact, older persons rank
maintaining independence as more important than staying
alive as a health outcome.4 Cardiovascular (CV) well-being is
at the center of this paradigm.
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Functional decline undermines quality of life and causes
substantial social and economic strain on patients and their
families. Impairment of physical ability can occur at any point
in time in individuals with chronic diseases. This varies
depending on the burden of comorbidities and many other
complex factors that are poorly understood.5 Although many
traditional risk factors correlate with mortality, untangling
their role in developing functional impairment has proven
difficult because diseases that lead to death often accelerate
functional decline.6 Thus, devising a health outcome that
combines both longevity and functional ability is more
relevant to patient interests than either alone. Furthermore,
this health outcome should preferably take into account that
some subjects move in and out of the disabled state.

Disability results from complex and heterogeneous pro-
cesses in older persons. We hypothesized that CV imaging
measures of left ventricular (LV) structure and function, carotid
intima thickness, and biomarkers of inflammation, coagulation,
atherosclerosis, myocardial injury and stress, and cardiac
extracellular collagen turnover are not only associated with
mortality, but also with the likelihood of maintaining physical
ability in a large sample of community-dwelling older persons.

Methods

Study Population
The Cardiovascular Health Study (CHS) is a community-based,
prospective, observational study that recruited adults

≥65 years to study risk factors and long-term outcomes for
CV disease (CVD). The cohort included 5888 participants
(5201 were recruited in 1989–1990; an additional 687
African Americans were recruited in 1992–1993). The insti-
tutional review board at each center approved the study, and
all participants provided informed consent. Participants
underwent baseline clinical examinations, which included
medical history, physical examination, assessment of activi-
ties of daily living (ADLs), and various imaging and laboratory
procedures. Participants were contacted every 6 months for
follow-up, alternating between a telephone interview and a
clinic visit through 1999, and only phone calls thereafter
(Figure). The design, rationale, and examination details of the
CHS have been published elsewhere.7

Imaging Procedures
Transthoracic echocardiograms were obtained in 1989–1990
for the original cohort and 1994–1995 for the African-
American cohort. Semiquantitative LV ejection fraction
(LVEF), left atrial (LA) diameter, transmitral mitral peak early
(E) velocity, peak atrial (A) velocity, and E/A ratio, LV relative
wall thickness (LV RWT), and LV mass were defined using
previously specified criteria.8

The carotid arteries were evaluated at baseline with
high-resolution B-mode ultrasonography. A composite mea-
sure that combined the maximum common carotid artery
intima media thickness (IMT) and maximum internal IMT was
obtained by averaging these 2 measurements after

Figure. Time chart of enrollment of the first cohort and second (African-American) cohort,
in addition to timing of performing the cardiovascular imaging and measurement of the
biomarkers in the Cardiovascular Health Study. CRP indicates C-reactive protein; hsTNT,
high-sensitivity cardiac troponin-T; LDL, low-density lipoprotein; NT-proBNP, N-terminal
probrain natriuretic peptide; PIIINP, procollagen III N-terminal propeptide; YAL, years of able
life.
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standardization. When present, focal plaques were included in
measurement of the maximum IMT.9

Biomarker Assays
Biomarkers used in this study were obtained from baseline
blood samples, except for procollagen III N-terminal
propeptide (PIIINP), which was assayed from blood col-
lected in 1996–1997. Samples were immediately centri-
fuged at 3000g for 10 minutes at 4°C. Aliquots of plasma
were stored in a central laboratory at �70°C. C-reactive
protein (CRP) was measured by a high-sensitivity (hs)
immunoassay, with an interassay coefficient of variation of
6.25%.

N-terminal probrain natriuretic peptide (NT-proBNP) was
measured with the Elecsys 2010 system (Roche Diagnostics,
Indianapolis, IN) with a coefficient of variation of 2% to 5%.
High-sensitivity cardiac troponin-T (hsTNT) concentrations
were measured with reagents on an Elecsys 2010 analyzer
(Roche Diagnostics, Indianapolis, IN), with an analytical
measurement range of 3 to 10 000 pg/mL. The value at
the 99th percentile cutoff from a healthy reference population
(n=616) was 13.5 pg/mL. PIIINP was determined by a
coated-tube radioimmunoassay as described previously using
commercial antisera specifically directed against the amino
terminal peptide (Orion Diagnostica, Espoo, Finland). Inter-
and intraassay variations for determining PIIINP are both
approximately 5%. Sensitivity (lower detection limit) is
1.5 ng/mL.

Clinical Endpoints and Variable Definitions
The primary outcome, years of able life (YAL), was defined
as the number of years that the participant is able to
perform all 6 ADLs without difficulty: walking around the
home; getting out of bed or a chair; eating; dressing; and
bathing or showering or using the toilet. This definition
allows for recovery from difficulty. We chose ADLs because
difficulty to perform any of them makes it unlikely that a
person is able to maintain physical independence. Years
of life (YOL) was defined as years of observed life
from enrollment to death or end of follow-up (maximum
18 years).

Data on mortality and self-reported limitations in ADLs
were collected every 6 months, with some exceptions
mentioned in Data S1. Calculation and imputation of YOL
and YAL are also included in Data S1. Given that many of
the tested variables have been associated with mortality
and/or physical disability, we evaluated the secondary
outcome, the percentage of YAL:YOL, which was defined
as the percentage of observed years spent free of impair-
ment in ADLs (Data S1).

Statistical Analysis
We excluded participants who reported any ADL difficulty at
baseline (N=436) or did not have LVEF, LA dimension, peak E
velocity, or peak A velocity measures (N=550). We did not
exclude participants with prevalent coronary heart disease
(CHD) because many of these participants had preserved ADL,
and including them is more representative of older cohorts
who have higher burden of disease. The analysis set was
therefore composed of 4902 participants. Previously imputed
data were employed for missing covariate data (Data S1).
Further exclusions were made based on the availability of
biomarker and echocardiography data: LV mass and LV RWT
measures were available for 3374 participants, NT-proBNP
was available for 3776 participants, hsTnT was available
for 3694 participants, and PIIINP was available for 3173
participants.

We used multiple linear regression procedures to model
the relationship between exposures of interest and outcome
measures YAL and YOL, stratified by sex. For each outcome,
we ran 2 sets of models. The first set was adjusted for age,
race, body mass index (BMI), and BMI-squared. The second
set was additionally adjusted for prevalent smoking, arthritis,
diabetes, cancer, glomerular filtration rate (eGFR), systolic
blood pressure (SBP), antihypertensive medication use,
stroke, congestive heart failure (CHF), and CHD, which
included myocardial infarction (MI), angina, and revasculari-
zation (see Data S1 for definitions). LVEF, LA dimension, peak
E velocity, peak A velocity, E/A ratio, LV mass, LV RWT,
carotid IMT, hsCRP, fibrinogen, low-density lipoprotein (LDL)
cholesterol, NT-proBNP, PIIINP, and hsTNT were evaluated in
separate models one at a time. Because the associations of
interest have not been shown previously, we wanted to look at
each marker individually. No significant multicollinearity was
detected in the models. Outliers did not exert significant
leverage, and in cases where inference changed, the values of
outliers were deemed reasonable and were retained in the
models.

PIIINP was evaluated at 7 and 4 years after baseline for the
original and minority cohorts, respectively (year 1996–1997)
for 3173 participants. Thus, YAL could only have a maximum
of 11 years in the PIIINP analyses, as compared with 18 years
for the other analyses.

Additionally, sensitivity analysis by the time to the first ADL
difficulty using Cox proportional hazard models was per-
formed, adjusted for the 2 sets of covariates used in the
primary analysis, and further adjusted for incident CHF, MI,
and stroke. Compared to the primary analysis, this approach
would fail to capture persons who regain physical ability after
an acute insult (e.g., MI or stroke), but would allow us to
adjust for incident disease, which would help to rule out
associations that were solely owing to incident events. A total
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of 1099 participants had an incident CVD before developing
ADL difficulty.

Results

Baseline Characteristics
For the 4902 participants in our study, mean (�SD) age was
72.6�5.4 years. Median YAL was 8.8 (interquartile range
[IQR], 4.3 to 13.8) years for males and 10.3 (IQR, 5.8 to 15.8)
years for females. Median YOL was 11.8 (IQR, 6.8 to 17.8)
years for males and 15.3 (IQR, 9.8 to 18) years for females.

At baseline, 18.4% of the participants had CHD (24.6% in
males and 13.5% in females) and 3.55% had CHF (4.6% in
males and 2.7% in females), whereas 13.5% of men and 4.7%
of women had abnormal LVEF.

Baseline characteristics of participants per categories of
YAL are shown in Tables 1 and 2. Compared to the lowest
category, subjects in the highest category of YAL were
younger (69.9 vs. 76 years for males and 69.5 vs. 75.4 years

for females), never smoked, and had less prevalent CHD, CHF,
stroke, diabetes, hypertension (HTN), hypertensive medication
use, and arthritis. Additionally, subjects in the highest
category of YAL had smaller IMT and lower detectable values
of all biomarkers, except LDL, which was higher.

Imaging
An abnormal LVEF was associated with 2.49 and 2.38 fewer
observed YAL and 3.14 and 2.51 fewer observed YOL in
females and males, respectively (P<0.001), after adjustment
for age, race, and BMI (Tables 3 and 4). This association
remained strong and statistically significant after adjustment
for chronic health conditions at baseline. Persons with
abnormal LVEF had 1.34 and 1.41 fewer observed YAL and
2.08 and 1.41 fewer observed YOL in females and males,
respectively (P<0.01). Furthermore, male participants with an
abnormal LVEF spent 3.6% less of their observed years of life
being able (P=0.01). However, this relationship was not
significant for female participants (P=0.3; Table S1).

Table 1. Baseline Characteristics by Categories of Years of Able Life for Male and Female Participants in CHS

Characteristics at Baseline

Categories of Years of Able Life

Males (n=2133) Females (n=2769)

0 to <5 5 to <10 10 to <15 15 to 18 0 to <5 5 to <10 10 to <15 15 to 18

n=586 n=660 n=397 n=490 n=551 n=814 n=614 n=790

Age, y�SD 76�6.4 73.7�5.5 71.8�4.3 69.9�3.4 75.4�6 73.3�5.3 71.2�4.2 69.5�3.4

Black, n (%) 54 (9.2) 82 (12.4) 34 (8.6) 57 (11.6) 81 (14.7) 113 (13.9) 73 (11.9) 96 (12.2)

BMI (kg/m2), mean�SD 26.1�3.8 26.3�3.7 26.8�3.6 26.3�3.2 26.5�5.5 26.6�5.2 26.6�4.8 26.2�4.2

Smoking status, n (%)

Never 172 (29.4) 201 (30.5) 133 (33.5) 190 (38.8) 298 (54.1) 450 (55.3) 353 (57.5) 472 (59.7)

Former 345 (58.9) 387 (58.6) 225 (56.7) 271 (55.3) 167 (30.3) 262 (32.2) 193 (31.4) 231 (29.2)

Current 69 (11.8) 72 (10.9) 39 (9.8) 29 (5.9) 86 (15.6) 102 (12.5) 68 (11.1) 87 (11)

CHD, n (%) 209 (35.7) 168 (25.5) 77 (19.4) 72 (14.7) 127 (23) 125 (15.4) 71 (11.6) 51 (6.5)

CHF, n (%) 58 (9.9) 29 (4.4) 6 (1.5) 5 (1) 38 (6.9) 23 (2.8) 10 (1.6) 5 (0.6)

Stroke, n (%) 52 (8.9) 33 (5) 9 (2.3) 9 (1.8) 32 (5.8) 17 (2.1) 8 (1.3) 3 (0.4)

Diabetes ADA status, n (%)

Normal 355 (60.6) 437 (66.2) 284 (71.5) 390 (79.6) 370 (67.2) 614 (75.4) 478 (77.9) 649 (82.2)

IFG 74 (12.6) 87 (13.2) 64 (16.1) 56 (11.4) 63 (11.4) 87 (10.7) 75 (12.2) 88 (11.1)

Diabetes 157 (26.8) 136 (20.6) 49 (12.3) 44 (9) 118 (21.4) 113 (13.9) 61 (9.9) 53 (6.7)

SBP 140�22.7 137.9�21 135.3�20.3 132.7�19.4 143�24.1 139.2�21.9 135.9�20.3 132.1�19.3

Hypertensive medication, n (%) 314 (53.6) 293 (44.4) 167 (42.1) 169 (34.5) 316 (57.4) 410 (50.4) 258 (42) 289 (36.6)

eGFR by creatinine 62.7�19.4 66.4�16.8 69.4�15.7 70.7�15.2 66.1�19.9 69.6�18.8 69.8�16.8 71.5�15.7

Arthritis, n (%) 295 (50.3) 270 (40.9) 178 (44.8) 157 (32) 347 (63) 440 (54.1) 356 (58) 344 (43.5)

Cancer, n (%) 104 (17.8) 96 (14.6) 48 (12.1) 69 (14.1) 101 (18.3) 130 (16.0) 68 (11.1) 79 (10.0)

ADA indicates American Diabetes Association; BMI, body mass index; CHD, coronary heart disease (myocardial infarction, angina, coronary artery bypass grafting, or angioplasty); CHF,
congestive heart failure; CHS, Cardiovascular Health Study; eGFR, estimated glomerular filtration rate; IFG, impaired fasting glucose; SBP, systolic blood pressure.

DOI: 10.1161/JAHA.114.001745 Journal of the American Heart Association 4

Imaging and Biomarkers, Years of Able Life Alshawabkeh et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Ta
bl
e
2.

Ba
se
lin
e
C
ar
di
ov
as
cu
la
r
Im
ag
in
g
an
d
Bi
om

ar
ke
rs

by
C
at
eg
or
ie
s
of

Ye
ar
s
of

Ab
le

Li
fe

fo
r
M
al
e
an
d
Fe
m
al
e
Pa
rt
ic
ip
an
ts

in
C
H
S

C
at
eg
or
ie
s
of

Ye
ar
s
of

Ab
le

Li
fe

M
al
es

(n
=
21

33
)

Fe
m
al
es

(n
=
27

69
)

0
to

<
5

5
to

<
10

10
to

<
15

15
to

18
0
to

<
5

5
to

<
10

10
to

<
15

15
to

18

n=
58

6
n=

66
0

n=
39

7
n=

49
0

n=
55

1
n=

81
4

n=
61

4
n=

79
0

Ca
rd
io
va
sc
ul
ar

im
ag
in
g

Ab
no
rm

al
LV
EF

(<
55
%
),

n
(%
)

11
9
(2
0.
31
)

94
(1
4.
24
)

40
(1
0.
08
)

35
(7
.1
4)

54
(9
.8
)

38
(4
.6
7)

22
(3
.5
8)

16
(2
.0
3)

LA
di
m
en
si
on

(m
m
),
m
ea
n�

SD
4.
14
�0

.7
6

4�
0.
71

4.
02
�0

.5
9

3.
94
�0

.5
8

3.
87
�0

.7
4

3.
78
�0

.6
3

3.
75
�0

.6
1

3.
67
�0

.5
7

Pe
ak

E
ve
lo
ci
ty
(m
/s
),
m
ea
n�

SD
0.
69
�0

.2
1

0.
67
�0

.1
8

0.
67
�0

.1
5

0.
69
�0

.1
5

0.
75
�0

.2
4

0.
74
�0

.1
8

0.
74
�0

.1
8

0.
73
�0

.1
6

Pe
ak

A
ve
lo
ci
ty
(m
/s
),
m
ea
n�

SD
0.
77
�0

.2
7

0.
75
�0

.2
2

0.
72
�0

.1
9

0.
71
�0

.1
8

0.
89
�0

.2
6

0.
85
�0

.2
2

0.
81
�0

.2
2

0.
78
�0

.1
9

E/
A
ra
tio
,
n
(%
)

<
0.
7

18
3
(3
1.
23
)

14
3
(2
1.
67
)

45
(1
1.
34
)

51
(1
0.
41
)

15
9
(2
8.
86
)

17
6
(2
1.
62
)

97
(1
5.
8)

98
(1
2.
41
)

0.
7,

1.
5

33
9
(5
7.
85
)

47
1
(7
1.
36
)

32
6
(8
2.
12
)

40
2
(8
2.
04
)

35
6
(6
4.
61
)

60
1
(7
3.
83
)

49
2
(8
0.
13
)

65
8
(8
3.
29
)

≥1
.5

64
(1
0.
92
)

46
(6
.9
7)

26
(6
.5
5)

37
(7
.5
5)

36
(6
.5
3)

37
(4
.5
5)

25
(4
.0
7)

34
(4
.3
)

LV
m
as
s
(g
/m

2 )
,
m
ea
n�

SD
19
0.
6�

68
.2

17
7.
1�

53
.4

16
9.
3�

46
.8

16
2.
9�

42
.2

14
7.
6�

56
.7

13
5.
7�

42
.9

13
1.
2�

33
.2

12
7.
0�

30
.7

LV
RW

T,
m
ea
n�

SD
0.
36
�0

.1
0.
35
�0

.0
8

0.
34
�0

.0
8

0.
34
�0

.0
7

0.
37
�0

.1
1

0.
36
�0

.0
8

0.
35
�0

.0
7

0.
34
�0

.0
7

IM
T
(m
m
),
m
ea
n�

SD
1.
5�

0.
4

1.
3�

0.
3

1.
3�

0.
3

1.
2�

0.
3

1.
3�

0.
4

1.
2�

0.
3

1.
1�

0.
3

1.
1�

0.
3

Bi
om

ar
ke
rs

hs
CR

P
(m
g/
L)
,
m
ed
ia
n

IQ
R

2.
23

1.
15

to
4.
09

1.
75

0.
88

to
3.
47

1.
72

0.
92

to
2.
86

1.
38

0.
68

to
2.
44

2.
46

1.
22

to
4.
64

1.
97

0.
92

to
3.
45

1.
88

0.
94

to
3.
25

1.
72

0.
88

to
3.
00

Fi
br
in
og
en

(m
g/
dL
),
m
ea
n�

SD
33
4�

75
.3

31
4.
7�

67
31
5.
4�

63
.1

30
4.
2�

59
.3

33
0.
9�

72
.6

32
1.
9�

61
.3

32
4.
7�

64
.6

31
5.
4�

59
.2

LD
L
(m
g/
dL
),
m
ea
n�

SD
11
9.
9�

36
.1

12
0.
2�

32
.5

12
5.
7�

33
.1

12
8.
9�

32
.3

13
2.
6�

38
.9

13
3.
8�

37
.9

13
2.
9�

37
.2

13
7.
9�

35
.8

NT
-p
ro
BN

P
(p
g/
m
L)
,
m
ed
ia
n

IQ
R

21
0

10
5
to

54
6

11
8

56
to

23
9

80 38
to

15
3

60 35
to

11
9

18
6

83
to

37
8

13
4

72
to

24
1

10
4

63
to

17
9

82 46
to

14
5

hs
TN

T
(n
g/
m
L)
,
m
ed
ia
n

IQ
R

11
.2
5

6.
70

to
18
.7
6

8.
90

4.
95

to
14
.6
8

6.
58

2.
99

to
10
.0
7

5.
78

2.
99

to
8.
99

6.
62

2.
99

to
12
.2
3

4.
48

2.
99

to
7.
78

3.
45

2.
99

to
5.
87

2.
99

2.
99

to
4.
26

PI
IIN
P
(n
g/
m
L)
,
m
ea
n�

SD
5.
18
�1

.9
8

4.
98
�1

.7
0

4.
71
�1

.9
0

—
4.
94
�1

.9
2

4.
63
�1

.5
5

4.
38
�1

.2
9

—

A
in
di
ca
te
s
at
ria

lfi
lli
ng
;C

H
S,

C
ar
di
ov
as
cu
la
r
H
ea
lth

St
ud
y;
E,

ea
rly

fi
lli
ng
;h

sC
RP

,h
ig
h-
se
ns
iti
vi
ty

C
-r
ea
ct
iv
e
pr
ot
ei
n;

hs
TN

T,
hi
gh
-s
en
si
tiv
ity

tr
op
on
in
-T
;I
M
T,
ca
ro
tid

in
tim

a-
m
ed
ia
th
ic
kn
es
s;
IQ
R,

in
te
rq
ua
rt
ile

ra
ng
e;

LA
,l
ef
t
at
riu

m
;L
D
L,
lo
w
-

de
ns
ity

lip
op
ro
te
in
;
LV

,l
ef
t
ve
nt
ric
ul
ar
;
LV

EF
,l
ef
t
ve
nt
ric
ul
ar

ej
ec
tio

n
fr
ac
tio

n;
N
T-
pr
oB

N
P,

N
-t
er
m
in
al

pr
ob
ra
in

na
tr
iu
re
tic

pe
pt
id
e;

PI
IIN

P,
pr
oc
ol
la
ge
n
III

N
-t
er
m
in
al

Pr
op
ep
tid

e;
LV

RW
T,

le
ft
ve
nt
ric
ul
ar

re
la
tiv
e
w
al
lt
hi
ck
ne
ss
.

DOI: 10.1161/JAHA.114.001745 Journal of the American Heart Association 5

Imaging and Biomarkers, Years of Able Life Alshawabkeh et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Ta
bl
e
3.

Li
ne
ar

Re
gr
es
si
on

Re
su
lts

of
Ad

ju
st
ed

C
ar
di
ov
as
cu
la
r
Im
ag
in
g
Ri
sk

Fa
ct
or
s
fo
r
YA

L
an
d
YO

L
fo
r
Fe
m
al
e
Pa
rt
ic
ip
an
ts

in
C
H
S
(n
=
27

69
).

C
ar
di
ov
as
cu
la
r
Im
ag
in
g

Ye
ar
s
of

Ab
le

Li
fe

Ye
ar
s
of

Li
fe

M
od
el

1
M
od
el

2
M
od
el

1
M
od
el

2

C
oe
ffi
ci
en
t
(9
5%

C
I)

P
Va

lu
e

C
oe
ffi
ci
en
t
(9
5%

C
I)

P
Va

lu
e

C
oe
ffi
ci
en
t
(9
5%

C
I)

P
Va

lu
e

C
oe
ffi
ci
en
t
(9
5%

C
I)

P
Va

lu
e

Ab
no
rm

al
LV
EF

(<
55
%
)

�2
.4
9
(�

3.
35
,
�1

.6
4)

<
0.
00
1

�1
.3
4
(�

2.
18
,
�0

.4
9)

0.
00
2

�3
.1
4
(�

3.
93
,
�2

.3
6)

<
0.
00
1

�2
.0
8
(�

2.
85
,
�1

.3
1)

<
0.
00
1

LA
di
m
en
si
on

(p
er

SD
=
0.
67
)

�0
.3
7
(�

0.
57
,
�0

.1
7)

<
0.
00
1

�0
.2

(�
0.
4,

0)
0.
04
5

�0
.3
2
(�

0.
5,

�0
.1
3)

0.
00
1

�0
.1
6
(�

0.
34
,
0.
02
)

0.
08

Pe
ak

E
ve
lo
ci
ty
(p
er

SD
=
0.
19
)

�0
.2
7
(�

0.
45
,
�0

.0
9)

0.
00
3

�0
.1
5
(�

0.
32
,
0.
03
)

0.
09
7

�0
.2
4
(�

0.
41
,
�0

.0
8)

0.
00
4

�0
.1
3
(�

0.
28
,
0.
03
)

0.
11
5

Pe
ak

A
ve
lo
ci
ty
(p
er

SD
=
0.
23
)

�0
.4
5
(�

0.
64
,
�0

.2
6)

<
0.
00
1

�0
.3

(�
0.
49
,
�0

.1
2)

0.
00
1

�0
.4
5
(�

0.
62
,
�0

.2
7)

<
0.
00
1

�0
.3
1
(�

0.
48
,
�0

.1
4)

<
0.
00
1

E/
A
ra
tio

<
0.
00
1

0.
02
7

<
0.
00
1

<
0.
00
1

<
0.
7

�0
.9
8
(�

1.
46
,
�0

.5
1)

<
0.
00
1

�0
.5
8
(�

1.
04
,
�0

.1
2)

0.
01
3

�1
.2

(�
1.
63
,
�0

.7
6)

<
0.
00
1

�0
.8
2
(�

1.
23
,
�0

.4
)

<
0.
00
1

0.
7,

<
1.
5

Re
f

—
Re
f

—
Re
f

—
Re
f

—

≥1
.5

�1
.1
8
(�

2.
03
,
�0

.3
3)

0.
00
7

�0
.5
4
(�

1.
36
,
0.
28
)

0.
19
8

�1
.6
3
(�

2.
41
,
�0

.8
5)

<
0.
00
1

�1
.0
7
(�

1.
83
,
�0

.3
2)

0.
00
5

LV
m
as
s
(p
er

SD
=
51
.1
7)

�0
.9
1
(�

1.
19
,
�0

.6
3)

<
0.
00
1

�0
.5

( �
0.
78
,
�0

.2
2)

0.
00
1

�1
.0
9
(�

1.
34
,
�0

.8
4)

<
0.
00
1

�0
.7
6
(�

1.
02
,
�0

.5
1)

<
0.
00
1

LV
RW

T
(p
er

SD
=
0.
08
)

�0
.2
6
(�

0.
48
,
�0

.0
4)

0.
01
9

�0
.1
7
(�

0.
38
,
0.
04
)

0.
12

�0
.3
1
(�

0.
51
,
�0

.1
1)

0.
00
2

�0
.2
2
(�

0.
41
,
�0

.0
3)

0.
02
3

IM
T
(p
er

SD
=
0.
34
)

�0
.8
9
(�

1.
09
,
�0

.6
9)

<
0.
00
1

�0
.5

(�
0.
7,

�0
.2
9)

<
0.
00
1

�0
.9
2
(�

1.
1,

�0
.7
3)

<
0.
00
1

�0
.5
3
(�

0.
72
,
�0

.3
4)

<
0.
00
1

M
od
el

1
ad
ju
st
ed

fo
r
ag
e,

ra
ce
,a

nd
BM

I.
M
od
el

2
ad
di
tio

na
lly

ad
ju
st
ed

fo
r
pr
ev
al
en
t
sm

ok
in
g,

ar
th
rit
is
,
ca
nc
er
,d

ia
be
te
s
AD

A
st
at
us
,
eG

FR
,a

nt
ih
yp
er
te
ns
iv
e
m
ed
ic
at
io
n
us
e,

sy
st
ol
ic

bl
oo
d
pr
es
su
re
,
co
ng
es
tiv
e
he
ar
t
fa
ilu
re
,
st
ro
ke
,
an
d

co
ro
na
ry

he
ar
t
di
se
as
e
(m

yo
ca
rd
ia
li
nf
ar
ct
io
n,

an
gi
na
,c
or
on
ar
y
ar
te
ry

by
pa
ss

gr
af
tin

g,
or

an
gi
op
la
st
y)
.A

in
di
ca
te
s
at
ria

lfi
lli
ng
;A

D
A,

Am
er
ic
an

D
ia
be
te
s
As
so
ci
at
io
n;

BM
I,
bo
dy

m
as
s
in
de
x;
C
H
S,

C
ar
di
ov
as
cu
la
r
H
ea
lth

St
ud
y;
C
I,
co
nfi

de
nc
e

in
te
rv
al
;E
,e
ar
ly
fi
lli
ng
;e
G
FR

,e
st
im
at
ed

gl
om

er
ul
ar

fi
ltr
at
io
n
ra
te
;I
M
T,
ca
ro
tid

in
tim

a-
m
ed
ia
th
ic
kn
es
s;
LA

,l
ef
ta

tr
iu
m
;L
VE

F,
le
ft
ve
nt
ric
ul
ar

ej
ec
tio

n
fr
ac
tio

n;
LV

RW
T,
le
ft
ve
nt
ric
ul
ar

re
la
tiv
e
w
al
lt
hi
ck
ne
ss
;Y
AL

,y
ea
rs

of
ab
le
lif
e;
YO

L,
ye
ar
s
of

lif
e.

DOI: 10.1161/JAHA.114.001745 Journal of the American Heart Association 6

Imaging and Biomarkers, Years of Able Life Alshawabkeh et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Ta
bl
e
4.

Li
ne
ar

Re
gr
es
si
on

Re
su
lts

of
Ad

ju
st
ed

C
ar
di
ov
as
cu
la
r
Im
ag
in
g
Ri
sk

Fa
ct
or
s
fo
r
YA

L
an
d
YO

L
fo
r
M
al
e
Pa
rt
ic
ip
an
ts

in
C
H
S
(n
=
21

33
).

C
ar
di
ov
as
cu
la
r
Im
ag
in
g
Va

ria
bl
es

Ye
ar
s
of

Ab
le

Li
fe

Ye
ar
s
of

Li
fe

M
od
el

1
M
od
el

2
M
od
el

1
M
od
el

2

C
oe
ffi
ci
en
t
(9
5%

C
I)

P
Va

lu
e

C
oe
ffi
ci
en
t
(9
5%

C
I)

P
Va

lu
e

C
oe
ffi
ci
en
t
(9
5%

C
I)

P
Va

lu
e

C
oe
ffi
ci
en
t
(9
5%

C
I)

P
Va

lu
e

Ab
no
rm

al
LV
EF

(<
55
%
)

�2
.3
8
(�

3.
01
,
�1

.7
6)

<
0.
00
1

�1
.4
1
(�

2.
03
,
�0

.8
)

<
0.
00
1

�2
.5
1
(�

3.
13
,
�1

.8
9)

<
0.
00
1

�1
.4
1
(�

2.
02
,
�0

.8
)

<
0.
00
1

LA
di
m
en
si
on

(p
er

SD
=
0.
67
)

�0
.4
9
(�

0.
71
,
�0

.2
7)

<
0.
00
1

�0
.2
4
(�

0.
45
,
�0

.0
4)

0.
02
2

�0
.5
2
(�

0.
73
,
�0

.3
)

<
0.
00
1

�0
.2
4
(�

0.
45
,
�0

.0
3)

0.
02
6

Pe
ak

E
ve
lo
ci
ty
(p
er

SD
=
0.
19
)

�0
.1
7
(�

0.
39
,
0.
06
)

0.
14
6

�0
.0
1
(�

0.
22
,
0.
2)

0.
93

�0
.2
5
(�

0.
47
,
�0

.0
2)

0.
03
2

�0
.0
8
(�

0.
29
,
0.
13
)

0.
46

Pe
ak

A
ve
lo
ci
ty
(p
er

SD
=
0.
23
)

�0
.2
8
(�

0.
5,

�0
.0
6)

0.
01
4

�0
.1
4
(�

0.
35
,
0.
07
)

0.
18

� 0
.3
1
(�

0.
53
,
�0

.0
9)

0.
00
6

�0
.1
9
(�

0.
4,

0.
02
)

0.
07
2

E/
A
ra
tio

<
0.
00
1

<
0.
00
1

<
0.
00
1

<
0.
00
1

<
0.
7

�1
.9
3
(�

2.
48
,
�1

.3
7)

<
0.
00
1

�1
.3
5
(�

1.
88
,
�0

.8
3)

<
0.
00
1

�2
.1
8
(�

2.
73
,
�1

.6
3)

<
0.
00
1

�1
.6

(�
2.
12
,
�1

.0
8)

<
0.
00
1

0.
7,

<
1.
5

Re
f

—
Re
f

—
Re
f

—
Re
f

—

≥1
.5

�1
.5
8
(�

2.
37
,
�0

.8
)

<
0.
00
1

�0
.8
8
(�

1.
62
,
�0

.1
3)

0.
02
1

�1
.9
8
(�

2.
76
,
�1

.2
)

<
0.
00
1

�1
.1
8
(�

1.
92
,
�0

.4
4)

0.
00
2

LV
m
as
s
(p
er

SD
=
51
.1
7)

�1
(�

1.
26
,
�0

.7
4)

<
0.
00
1

�0
.6
2
(�

0.
87
,
�0

.3
6)

<
0.
00
1

�1
.1
1
(�

1.
36
,
�0

.8
5)

<
0.
00
1

�0
.7
2
(�

0.
97
,
�0

.4
7)

<
0.
00
1

LV
RW

T
(p
er

SD
=
0.
08
)

�0
.1
5
(�

0.
42
,
0.
12
)

0.
28
7

�0
.1
6
(�

0.
42
,
0.
1)

0.
22
5

�0
.1
3
(�

0.
4,

0.
14
)

0.
35

�0
.1
3
(�

0.
38
,
0.
12
)

0.
31
2

IM
T
(p
er

SD
=
0.
34
)

�1
.2
7
(�

1.
47
,
�1

.0
6)

<
0.
00
1

�0
.7
9
(�

0.
99
,
�0

.5
8)

<
0.
00
1

�1
.3
2
(�

1.
52
,
�1

.1
2)

<
0.
00
1

�0
.8
5
(�

1.
06
,
�0

.6
5)

<
0.
00
1

M
od
el

1
ad
ju
st
ed

fo
r
ag
e,

ra
ce
,a

nd
BM

I.
M
od
el

2
ad
di
tio

na
lly

ad
ju
st
ed

fo
r
pr
ev
al
en
t
sm

ok
in
g,

ar
th
rit
is
,
ca
nc
er
,d

ia
be
te
s
AD

A
st
at
us
,
eG

FR
,a

nt
ih
yp
er
te
ns
iv
e
m
ed
ic
at
io
n
us
e,

sy
st
ol
ic

bl
oo
d
pr
es
su
re
,
co
ng
es
tiv
e
he
ar
t
fa
ilu
re
,
st
ro
ke
,
an
d

co
ro
na
ry

he
ar
t
di
se
as
e
(m

yo
ca
rd
ia
li
nf
ar
ct
io
n,

an
gi
na
,c
or
on
ar
y
ar
te
ry

by
pa
ss

gr
af
tin

g,
or

an
gi
op
la
st
y)
.A

in
di
ca
te
s
at
ria

lfi
lli
ng
;A

D
A,

Am
er
ic
an

D
ia
be
te
s
As
so
ci
at
io
n;

BM
I,
bo
dy

m
as
s
in
de
x;
C
H
S,

C
ar
di
ov
as
cu
la
r
H
ea
lth

St
ud
y;
C
I,
co
nfi

de
nc
e

in
te
rv
al
;E
,e
ar
ly
fi
lli
ng
;e
G
FR

,e
st
im
at
ed

gl
om

er
ul
ar

fi
ltr
at
io
n
ra
te
;I
M
T,
ca
ro
tid

in
tim

a-
m
ed
ia
th
ic
kn
es
s;
LA

,l
ef
ta

tr
iu
m
;L
VE

F,
le
ft
ve
nt
ric
ul
ar

ej
ec
tio

n
fr
ac
tio

n;
LV

RW
T,
le
ft
ve
nt
ric
ul
ar

re
la
tiv
e
w
al
lt
hi
ck
ne
ss
;Y
AL

,y
ea
rs

of
ab
le
lif
e;
YO

L,
ye
ar
s
of

lif
e.

DOI: 10.1161/JAHA.114.001745 Journal of the American Heart Association 7

Imaging and Biomarkers, Years of Able Life Alshawabkeh et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Each SD (0.34 mm) higher carotid IMT was associated
with 0.5 and 0.79 fewer observed YAL in females and males,
respectively, in the fully adjusted model (P<0.001). Higher
LA dimension (for males only), higher peak A velocities (for
females only), E/A ratio outside of the range 0.7 to 1.5, and
higher LV mass were inversely related to YAL and YOL, but
not YAL:YOL percentage. Results for the pooled cohort of
men and women are in Data S1 (Tables S3 and S4).
Sensitivity analysis of time to first ADL difficulty adjusting
for incident CHF, MI, and stroke, in addition to the
aforementioned confounders, showed persistence of the
association between the variables and incident disability
(Table S5).

Biomarkers
Higher levels of hsCRP (for females only), fibrinogen (for
males only), NT-proBNP, hsTNT, and PIIINP were inversely and
strongly associated with observed YAL, YOL, and YAL:YOL
percentage (Tables 5, 6, and S2). A 2-fold increase in hsTNT in
females and males was associated with 1.08 and 0.73 fewer
YAL, 1.05 and 0.82 fewer YOL (P<0.001), and 3.5% and 1.4%
fewer YAL:YOL (P<0.02), respectively.

Discussion
Men and women above the age of 65 years who had a
favorable CV profile determined by echocardiography, carotid
IMT, or biomarkers of inflammation, atherosclerosis, myo-
cardial injury and stress, and cardiac extracellular collagen
turnover spent more years, and a higher percentage of the
end of their lives, without difficulty in ADLs. By definition,
YAL integrates the number of years alive with the number of
years they spend without any ADL difficulty, a prime goal for
elderly persons. Furthermore, in a sensitivity analysis
adjusting for incident CHF, MI, and stroke, the results
remained statistically significant, concluding that these
variables are strongly associated with YAL irrespective of
incident CVD.

As the number of comorbidities increases, prevalence of
disability (defined as any ADL difficulty) increases.10 Having a
higher number of risk factors at middle age (smoking, HTN,
obesity, hyperlipidemia, and minor electrocardiogram [EKG]
abnormalities) has been associated with a shorter time to
disability.6,11 Furthermore, subclinical disease has been
associated with the quality of years alive beyond the age of
65. Asymptomatic CHS participants with subclinical vascular
disease defined as any common or internal IMT above the
80th percentile, maximum stenosis of the internal carotid
artery >25%, ankle-arm index ≤0.9, major EKG abnormality, or
Rose questionnaire positive for angina or claudication were
found to be less likely to be free of incident CVD, cancer, Ta
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chronic obstructive pulmonary disease, or new and persistent
physical disability or cognitive decline.12

With the shift toward personalized and patient-centered
care, patient preferences are playing a growing role in
clinical decision making and risk assessment. In a survey of
357 older adults living in senior centers and an assisted
living facility, with the main outcome being a person’s
prioritization of 4 health outcomes: “keeping you alive,
maintaining independence, reducing or eliminating pain, and
reducing or eliminating other symptoms (eg, dizziness,
fatigue, shortness of breath)”; 76% ranked maintaining
independence as the most important health outcome;
notably, staying alive was the least important.4 Likewise,
this pattern of preference was demonstrated in seriously ill
patients above the age of 60.13 Accordingly, we analyzed
these variables in a large sample of community dwellers and
followed them for up to 18 years.

Disability has many causes. The variables chosen in the
analysis have been shown to be associated with development
of morbidity (that could lead to disability) or mortality. Our
study incorporated CV structural and functional assessment
and measurement of biomarkers of various systems. Further-
more, we focused our outcome into a fundamental and a
global assessment of basic physical function, which, without
any of its components, a person is markedly less likely to be
able to maintain physical independence.

Our finding that most echocardiographic parameters in the
fully adjusted model were associated with the YAL, but were
no longer significant when assessing the YAL:YOL percentage,
suggests that these variables might be associated with
longevity to a greater extent than physical ability.14 In other
words, death occurs relatively rapidly for subjects with
unfavorable measures. LA volume has been correlated with
exercise capacity.15 LV mass is known to predict incident
CHF, stroke, and CVD.16,17 Carotid IMT has been extensively
studied as a risk prediction tool and found to predict future
stroke and MI, but generally adds modest benefit when
combined with the traditional risk scores (such as the
Framingham Risk Score).18,19

Measures of inflammation and coagulation in relation to
physical function have been assessed in several observational
cohorts. hsCRP has been linked to total and CV mortality
(CVM), although modestly, and has been associated with
physical performance in older adults.20,21 Fibrinogen, among
other coagulation biomarkers, has been implicated in the
development of disability.22 The relationship between total
cholesterol and functional ability in older adults is controver-
sial. Some studies have suggested a negative and others a
positive, relationship.23–25 LDL, however, has not been
evaluated in prospective cohorts. Our finding that LDL is
negatively associated with YAL, but not YOL or YAL:YOL
percentage—irrespective of statin use—is difficult to explain. Ta
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Low LDL could be a marker of “frailty” or could be owing to
other unmeasured comorbidities or genetic factors.

NT-proBNP predicts total and CVM, MI, stroke, and CHF.26–
28 Whereas physical activity has been shown to decrease the
likelihood of an elevation in NT-proBNP and subsequent
development of clinical CHF,29 it is demonstrated that
subclinical elevation in NT-proBNP is a marker for develop-
ment of functional decline and mortality. The cardiac-specific
biomarker, troponin, measured by a high-sensitivity assay, is a
marker of chronic myocardial injury and a predictor for future
risk of CHF and CV death in community-dwelling older
adults.30 Our findings extend the value of hsTNT beyond the
traditional outcomes. hsTNT could be a marker of overall
muscular-functional decline and warrants further research.
PIIINP, a marker of collagen turnover, has been linked to the
development of death and heart failure.31,32 To our knowl-
edge, we demonstrate, for the first time, that elevation of this
biomarker is correlated with lower disability-free survival in
community dwellers. This might be part of a phenotype of
systemic collagenous turnover that predates functional
decline before death.

Some of these variables might be associated with future
development of comorbidities, which, in turn, accelerate
functional decline. However, the relationship between these
variables and YAL remained significant even after adjusting for
incident CV outcomes, indicating that these variables are
associated with maintenance of physical ability, irrespective
of development of CVD. In fact, some have argued that,
despite developing comorbidities, some centenarians are able
to achieve exceptional age and avoid disability.5 The observed
associations could be modified by other unmeasured vari-
ables. For example, participants with abnormal LVEF could
develop other morbidities, which, in turn, lead to disability,
before developing clinical CVD. Further research is needed to
explore the role of these biomarkers and CV structural
variables in “channeling” persons into one of the pathways of
aging.

Our study has several strengths. We examined a large
sample size from a relevant cohort of older community
dwellers. The follow-up time was long and the outcomes
highly relevant for older people. Our study also has several
limitations. First, LV mass and LV RWT and the biomarkers
were not performed on the entire cohort and, in the case of
PIIINP, was performed later in the study, thus limiting the
follow-up time to 11 years. Differential absence of these
measures could theoretically have introduced bias. However,
only 550 subjects did not have these echo measures at
baseline. Second, there could be residual confounding that we
could not account for in our models. Third, although there was
no significant interaction in statin use for the LDL variable, our
power to detect a difference is limited, given that only 2.1% of
the cohort used statins at the baseline because their use in

clinical practice was not robust at the time. Fourth, upon
interpretation of the P values, multiple comparisons should be
taken into account. Nevertheless, with 30 comparisons for
the primary outcome at the P=0.05 level of significance, we
would expect 1.5 to be significant owing to chance alone.
Fifth, in the sensitivity analysis, whereas Cox regression is
focusing on first occurrence and YAL encompasses all
occurrences, because both are getting at a measure of
disability, we would expect similarities in risk factors.

Conclusion
Favorable echocardiographic measures, carotid intima thick-
ness, and biomarkers of inflammation, coagulation, athero-
sclerosis, myocardial injury and stress, and extracellular
collagen turnover measured in persons above the age of 65
were associated with the number of years of able life and
independence, irrespective of development of CVD, in a large
national cohort followed for up to 18 years. Development of
predictive models and the utility of targeting these variables in
clinical interventions with the goal to improve the quality of
life of older persons above and beyond mitigation of disease
remain to be further evaluated.
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