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Abstract

BACKGROUND—Higher intake of fruits and vegetables appears to protect against

inflammation, poor physical performance, and disability, but their relationship with muscle

strength is unclear. We examined the association between total plasma carotenoids, an indicator of

fruit and vegetable intake, and changes in muscle strength over a 6-year follow-up in the

participants aged 65 years and older in the InCHIANTI study, a population-based study in

Tuscany, Italy.

METHODS—Plasma carotenoids were measured at enrollment (1998–2000). Hip, knee and grip

strength were measured at enrollment and 6 years later (2004–2006) in 628 of the 948 participants

evaluated at baseline. Poor muscle strength was defined as the lowest sex-specific quartile of hip,

knee and grip strength at enrollment. The main outcome was poor muscle strength at the six-year

follow-up visit among those originally in the upper three quartiles of strength at enrollment.

RESULTS—Overall, 24.9% (110/441), 25.0% (111/444) and 24.9% (118/474) participants

developed poor hip, knee and grip strength, respectively. After adjusting for potential

confounders, participants in the lowest vs. the highest quartile of total plasma carotenoids at

enrollment were at higher risk of developing poor hip (O.R. 2.25, 95% C.I. 1.13–4.48, P = 0.02),
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knee (O.R. 2.12, 95% C.I. 1.08–4.09, P = 0.03) and grip (O.R. 1.85, 95% C.I. 0.95–3.61, P = 0.07)

muscle strength at the six-year follow-up visit.

CONCLUSION—These findings suggest that older community-dwelling adults with lower

plasma carotenoids levels, a marker of poor fruit and vegetable intake, are at a higher risk of

decline in skeletal muscle strength over time.
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Introduction

Sarcopenia, a condition characterized by loss of skeletal muscle mass and strength with

aging, is considered a key factor in the disablement process (1). It is widely recognized that

age-related sarcopenia is caused by a combination of intrinsic factors involving changes at

the energetic molecular and cellular levels, and extrinsic or environmental factors such as

nutrition and exercise (2, 3). Several lines of research suggest that excessive oxidative stress

caused by the accumulation of reactive oxygen species (ROS) is a causal factor in

sarcopenia. ROS levels increase when the respiratory chain is malfunctioning and/or

antioxidant cellular defense mechanisms is insufficient. Oxidative stress can damage

macromolecules such as DNA, proteins, lipids, etc., thereby causing significant damage to

the cells and tissue (4, 5).

Recent studies suggest that higher intake of fruits and vegetables, rich sources of

antioxidants, including carotenoids, vitamin C, flavonoids, and other polyphenols, is

correlated with muscle strength, physical performance, functional limitation and disability

(6, 7, 8). In the Women’s Health and Aging Study, low serum carotenoids was associated

with poor muscle strength among older moderately-severely disabled women living in the

community (6). Low dietary β-carotene intake was associated with impaired lower extremity

performance in older community-dwelling adults in Italy (7). Among older adults in the

Atherosclerosis Risk in Communities study, fruit and vegetable intake was inversely

correlated with functional limitations and disability (8). Serum carotenoids are considered

the most valid indicator of fruit and vegetable intake (9), and thus, can be considered

biomarkers for fruit and vegetable consumption.

Most studies looking at carotenoid intake or circulating levels and their relation with

physical function have been cross-sectional. Thus, it is not known whether carotenoids

deficiency is a significant predictor of accelerated functional loss, or simply reflect a global

deterioration of functional status, with little or no effect on the risk of losing physical

function.

To address the hypothesis that low serum carotenoids may predict a greater decline in

skeletal muscle strength, we examined the relationship between plasma total carotenoids at

enrollment and the decline in hip, knee and grip muscle strength over a six-year interval

among participants in the InCHIANTI study, a population-based study of older adult living

in the Chianti region of Tuscany, Italy.
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Subjects and Methods

The study participants consisted of men and women, aged 65 and older, who participated in

the Invecchiare in Chianti, “Aging in the Chianti Area” (InCHIANTI) study, conducted in

two small towns in Tuscany, Italy (www.inchiantistudy.net). The rationale, design, and data

collection have been described elsewhere, and the main outcome of this longitudinal study is

mobility disability (10). Briefly, in August 1998, 1270 people aged 65 years and older were

randomly selected from the population registry of Greve in Chianti (population 11,709) and

Bagno a Ripoli (population 4,704), and of 1256 eligible subjects, 1155 (90.1%) agreed to

participate. Of the 1155 participants, 1055 (91.3%) participated in the blood drawing.

Participants received an extensive description of the study and participated after written,

informed consent. The participants were seen again for a three-year follow-up visit (2001–

2003) and a six-year follow-up visit (2004–2006), at which times they underwent a repeat

phlebotomy and laboratory testing and assessment of physical performance. The study

protocol complied with the Declaration of Helsinki and was approved by the Italian National

Institute of Research and Care on Aging Ethical Committee.

Demographic information and information on smoking and medication use were collected

using standardized questionnaires. Average daily intakes of energy (kcal), carbohydrates,

total protein, total lipids, etc. were estimated using the European Prospective Investigation

into Cancer and Nutrition food frequency questionnaire which has been validated for use in

the older population (11). All participants were examined by trained geriatricians, and

diseases were ascertained according to standard, pre-established criteria and algorithms

based upon those used in the Women’s Health and Aging Study for coronary heart disease,

diabetes mellitus, chronic obstructive pulmonary disease, osteoarthritis, and cancer (12).

Weight was measured using a high-precision mechanical scale. Standing height was

measured to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight/height2

(kg/m2). Mini-Mental Status Examination (MMSE) was administered at enrollment (13).

The level of physical activity in the year prior to the interview was classified on an ordinal

scale based on responses to a modified standard questionnaire (10) into: 1) hardly any

physical activity; 2) mostly sitting (occasionally walks, easy gardening); 3) light exercise

(no sweat) 2–4 h/week; 4) moderate exercise (sweat) 1–2 h/week (level 4); 5) moderate

exercise >3 h/week; 6) intense exercise (at the limits) > 3 times/week. For analytical

purposes, we grouped the participants as: 1–3) inactive or having light physical activity; 4–5

having moderate physical activity; 6) having intense activity.

In this study, the process that leads to sarcopenia was operationalized as decline of muscle

strength. Low muscle strength appears to be more important than low muscle mass as

predictor of disability and mortality (1, 14). Therefore, in the analysis presented here we

focused on the effect of baseline carotenoid levels on change over time in three different

measures of muscle strength.

At enrollment and at the six-year follow-up visit, isometric muscle strength was assessed on

eight muscle groups of the lower extremity by a hand held dynamometer, using a standard

protocol (15). All measures of lower extremity muscle strength were highly correlated

(Pearson’s correlation coefficients ranging from 0.87 to 0.92). Therefore, only hip flexion
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and knee extension strength were considered in the analysis to indicate lower extremity

muscle strength. Measures of upper extremity muscle strength available in the InCHIANTI

study were isometric shoulder adduction and handgrip. Between them, we selected the

handgrip for the present analysis because the assessment of handgrip is easy, reliable, and

has been utilized by a larger number of studies (1, 16). There is strong evidence in the

literature that handgrip is a strong predictor of disability and mortality (16, 17). We included

both measures of lower and upper extremity muscle strength because previous studies

suggested that the rate of age-associated decline in muscle strength is quite different in these

two anatomical regions (1). In fact, the correlation between handgrip and isometric strength

of the lower extremity muscle groups was only moderately high, ranging from 0.70 to 0.72.

Some participants were unable to come to the testing center and were evaluated only for grip

strength during their home visit.

Blood samples were collected in the morning after a 12-h fast. Aliquots of serum and plasma

were immediately obtained and stored at −80° C. Aliquots of plasma were shipped on dry

ice to Dr. Semba’s laboratory for measurements of plasma carotenoids. Carotenoids were

measured using high performance liquid chromatography (HPLC) (18). Total carotenoids

were calculated as the sum of α-carotene, β-carotene, β-cryptoxanthin, lutein/zeaxanthin,

and lycopene in μmol/L. Within-run and between-run coefficients of variation, respectively,

were 7.3 and 9.6% for α-carotene, 4.5 and 5.4% for β-carotene, 2.7 and 3.5% for β-

cryptoxanthin, 2.6 and 7.1% for lutein, 6.2 and 6.8% for zeaxanthin, and 7.5 and 7.8% for

lycopene.

Variables are reported as means (standard deviations) for normally distributed parameters or

as percentages. The present analysis was limited to participants who were seen at enrollment

and 6-year follow-up visits. Quartiles of total plasma carotenoids at enrollment were defined

at the following cut-offs: <1.37, 1.37–1.74, 1.75–2.16, and >2.16 μmol/L. Poor hip, grip,

and knee strength were defined by the lowest sex-specific quartile of hip, knee and grip

strength at enrollment using the following cut-off values: 13.0, 10.45 and 16.0 kg for

women, and 20.5, 16.45 and 28.0 kg for men. The longitudinal analyses included

participants who were in the upper three quartiles of hip, knee and grip strength, for each

analysis. The outcome measure was a decrease in hip (n=441), knee (n=444) and grip

(n=474) strength below the cut-off for the lowest sex-specific quartile of baseline strength

by the six-year follow-up visit.

Means were compared using t-test and percentages were compared using chi-square tests.

Logistic regression models were was used to examine relationships between total plasma

carotenoids and other risk factors and the development of poor hip, grip, and knee strength

at the six-year follow-up visit. All analyses were performed using SAS (v. 8.2, SAS

Institute, Inc., Cary, NC) with a statistical significance level set at P <0.05.

Results

Of the 1155 participants ≥65 years seen at enrollment, 1055 (91.3%) participated in the

blood drawing. There were 948 (82.1%) participants at enrollment that had both plasma

carotenoids and at least one of the three measures of strength (hip, knee, and/or grip
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strength) available for this analysis. The subjects who did not participate in the blood

drawing were generally older and had greater comorbidity than the subjects who participated

in the blood drawing, as reported elsewhere (19). The characteristics of the study population

at enrollment are shown in Table 1.

There were 628 participants who had measurements of muscle strength conducted at the 6-

year follow-up visit. Of 328 people who were not seen at the 6-year follow-up visit, 179 had

died, 122 refused to participate, and 14 moved out of the study area. After including only

participants who at baseline were in the upper three quartiles of hip, knee and grip strength,

24.9% (110/441) had poor hip strength, 25.0% (111/444) had poor knee strength and 24.9%

(118/474) had poor grip strength. Participants who had died or refused to participate in the

6-year follow-up visit had lower values of total plasma carotenoids at baseline compared to

those analyzed in this study (1.75 ± 0.65 vs 1.87 ± 0.68, respectively; P=0.034).

General characteristics of the population at enrollment and of those evaluated at 6-years

follow-up are shown in Table 1. Participants evaluated after 6-years follow-up had a mean

age of 73.0, 54.8% were women and with an average BMI of 27.6 Kg/m2.

Between enrollment and the 6-year follow-up visit, the overall mean declines (SD) in hip

strength, knee strength and grip strength were −2.28 (5.24) kg (P <0.0001), −0.82 (5.60) kg

(P <0.0001) and −1.44 kg (P <0.0001), respectively.

Figure 1 shows percentages of participants whose strength declined of at least one quartile

over the follow-up, according to baseline muscle strength and carotenoid quartiles. Results

are strikingly consistent for the three measures of strength. Regardless of the initial quartile

of strength, lower carotenoids levels were associated with progressively higher rates of

strength decline from baseline to 6-years follow-up. Considering strength as a continuous

variable, the average decline in hip, knee and grip strength by quartile of total plasma

carotenoids at enrollment, adjusting for age, sex and strength at enrollment, are shown in

Figure 2. Participants in the lowest quartile of total plasma carotenoids showed the largest

declines in hip, knee and grip strength, whereas those in the highest quartile showed the least

decline in the respective strength measurements (Tests for linear trend, P = 0.0007 for hip

strength, P = 0.0006 for knee strength and P = 0.04 for grip strength).

The univariate relationships between plasma carotenoids and other risk factors at enrollment

with the development of poor hip, knee and grip strength at the six-year follow-up (defined

as a decline in strength below the thresholds that define the lowest baseline quartile) visit are

shown in Table 2. Age, education, and BMI were significantly associated with the

development of poor hip, knee and grip strength at the six-year follow-up. Hip and knee

osteoarthritis were significantly associated with higher risk of developing poor hip and knee

strength, respectively. Depression, current smoking and low physical activity was

significantly associated with higher probability of developing poor grip strength. Coronary

artery disease, congestive heart failure, peripheral artery disease, and diabetes mellitus were

not significantly related to the risk of developing poor strength in any of the three measures.

Multivariate logistic regression models testing the effect of serum carotenoids on the risk of

developing poor hip, knee and grip strength are shown in Table 3. Adjusting for age and sex
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(model 1), participants in the lowest quartile of total plasma carotenoids at enrollment were

at higher risk of developing poor hip strength (O.R. 2.19, 95% C.I. 1.13–4.24, P =0.02),

poor knee strength (O.R. 1.84, 95% C.I. 1.00–3.38, P = 0.051) and poor grip strength (O.R.

2.01, 95% C.I. 1.06–3.80, P = 0.03) compared to those in the highest quartile. Adjusting for

age, sex, education, body mass index, current smoking, total energy intake and physical

activity (model 2), participants in the lowest quartile of total plasma carotenoids were at

higher risk of developing poor hip strength (O.R. 2.25, 95% C.I. 1.13–4.48, P = 0.02), knee

strength (O.R. 2.12, 95% C.I. 1.08–4.09, P = 0.03) and grip strength (O.R. 1.85, 95% C.I.

0.95–3.61, P = 0.07) compared to those in the highest quartile. We also examined additional

multivariate models that also included depression and chronic obstructive pulmonary disease

in addition to all the other covariates included in model 2. In these additional models,

participants in the lowest quartile of total plasma carotenoids were at higher risk of

developing poor hip strength (OR. 2.23, 95% C.I. 1.12–4.44, P = 0.02), knee strength (O.R.

2.10, 95% C.I. 1.06–4.14, P = 0.03) and grip strength (O.R. 1.82, 95% C.I. 0.93–3.56, P =

0.07) compared to those in the highest quartile.

Discussion

This study shows that older community-dwelling men and women with low plasma

carotenoid concentrations experience a greater decline in hip, knee and grip muscle strength

over a period of six years compared to those with high plasma carotenoids. These findings

support and expand the results of previous cross-sectional studies that showed that low

carotenoid intake and serum level of carotenoids, natural antioxidants, are independent

correlates of poor skeletal muscle strength and impaired physical performance (10, 11). In

particular, our longitudinal analysis shows that older community-dwelling men and women

with a total plasma carotenoids less than 1.37 μmol/L are at a higher risk of a decline in

skeletal muscle strength over time.

To our knowledge, no prospective studies have previously documented the longitudinal

relationship of carotenoids with accelerated decline of muscle strength. Our results support

the hypothesis that plasma carotenoids are associated with sarcopenia in older adults and

bear further support to the hypothesis that intake of this natural antioxidant may protect

against the development of impaired muscle strength in older persons.

Given the considerable high number of older persons who have inadequate food intake (20)

and a reduced intake of antioxidants (20), an inadequate antioxidant capability is probably

highly prevalent and especially likely to contribute to sarcopenia when coupled with a

mismatch between protein requirement and reduced intake. In fact, the decline in food intake

that occurs even in healthy older persons, and is probably related to the typical ‘anorexia of

aging’, could result in not only a reduction in protein intake (20), but also a reduction in

consumption of fruits and vegetables. These are the most important natural sources of

antioxidans, such as carotenoids and flavonoids, whose deficiency may have a particularly

effect in muscle where the production of ROS is highest. If the fine physiological balance

between oxidative reactions and antioxidants is continuously negative because of a

chronically low intake of antioxidants, such as carotenoids, a detrimental effect of ROS on
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muscle tissue would be theoretically possible even if subjects maintain low levels of

physical activity.

Many studies have reported that skeletal muscle, especially during aerobic exercise,

dramatically increases oxygen uptake, which inevitably results in an increased production of

reactive radical oxygen species (ROS). Usually, free radicals produced by the mitochondria

of active muscle are removed or scavenged by endogenous antioxidants (21). However, if

free radical formation exceeds antioxidant capacity, the radicals may escape from the

mitochondria and oxidize lipids, proteins, sugars, and other cell components. For example, it

has been shown that ROS cause lipid peroxidation of polyunsaturated fatty acids in

biological membranes and blood, leading to impaired cell functions (22). Based on this

assumption, it has been suggested that antioxidant supplementation might be appropriate for

athletes before of intense physical activity (23).

Strengths of this investigation are that it is population-based and has available longitudinal

measures of upper and lower extremity muscle strength. Noteworthy, the strong and

consistent relationship between baseline total plasma carotenoids and decline in muscle

strength was consistent across the three measures of strength.

The prevention of undernutrition may potentially reduce the risk of disability; however, such

a hypothesis would need to be tested through randomized controlled trials. Given that the

carotenoids are biological markers for fruit and vegetable intake (9) and that fruits and

vegetables contain a complex mix of antioxidants, fiber, and vitamins, dietary modification

toward an increased intake of fruits and vegetables should be evaluated as a potential

intervention for disability prevention. Such an approach has been already undertaken with

the Dietary Approaches to Stop Hypertension Studies (24) and, recently, a Mediterranean-

style diet was shown in a short-term randomized trial to reduce cardiovascular risk factors

(25). Although a Mediterranean-style diet that is high in fruits and vegetables has attracted

much interest because of an apparent protective effect against cardiovascular disease (26,

27) further studies are needed to expand these investigations to sarcopenia (28), decline in

physical performance, and progression to disability among older adults.
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Figure 1.
Percentage of participants who fell in a worse quartile of hip (a), knee (b) and grip (c)

muscle strength from baseline to 6-year follow-up according to baseline strength and

carotenoids level quartile.
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Figure 2.
Relationship between total plasma carotenoids (in quartiles) with change in hip, knee and

grip knee strength between enrollment and 6-year follow-up visit, adjusted by age, sex, and

strength at enrollment (Tests for linear trend, P = 0.0007 for hip strength, P = 0.0006 for

knee strength and P = 0.04 for grip strength).

* Age- Sex- and Baseline Muscle Strength adjusted.

Lauretani et al. Page 12

J Gerontol A Biol Sci Med Sci. Author manuscript; available in PMC 2014 July 17.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Lauretani et al. Page 13

T
ab

le
 1

C
ha

ra
ct

er
is

tic
s 

th
e 

St
ud

y 
Po

pu
la

tio
n 

at
 B

as
el

in
e

C
ha

ra
ct

er
is

ti
c1

W
ho

le
 S

tu
dy

 P
op

ul
at

io
n 

(n
 =

 9
48

)
P

op
ul

at
io

n 
w

it
h 

M
ea

su
re

 o
f 

St
re

ng
th

 b
ot

h 
at

 B
as

el
in

e 
an

d 
at

 t
he

 6
-y

ea
r 

F
ol

lo
w

-u
p

H
ip

 S
tr

en
gt

h2
 (

n 
= 

44
1)

K
ne

e 
St

re
ng

th
2  

(n
 =

 4
44

)
G

ri
p 

St
re

ng
th

2  
(n

 =
 4

74
)

A
ge

 (
ye

ar
s)

74
.9

 (
7.

0)
75

.0
0(

5.
7)

74
.4

 (
6.

2)
76

.1
 (

6.
4)

Se
x 

(%
 f

em
al

e)
55

.7
46

.8
46

.9
48

.6

E
du

ca
tio

n 
(y

ea
rs

)
5.

4 
(3

.3
)

5.
4 

(2
.3

)
5.

3 
(2

.4
)

5.
0 

(2
.7

)

C
ur

re
nt

 s
m

ok
er

s 
(%

)
27

.4
33

.9
28

.8
32

.3

B
od

y 
m

as
s 

in
de

x 
(k

g/
m

2 )
27

.5
 (

4.
0)

26
.8

 (
4.

3)
26

.5
 (

3.
8)

26
.7

 (
4.

2)

T
ot

al
 p

la
sm

a 
ca

ro
te

no
id

s 
(μ

m
ol

/L
)

1.
84

 (
0.

68
)

1.
70

 (
0.

68
)

1.
78

 (
0.

64
)

1.
74

 (
0.

61
)

T
ot

al
 e

ne
rg

y 
in

ta
ke

 (
kc

al
/d

ay
)

19
26

 (
56

2)
20

01
 (

56
6)

20
34

 (
55

3)
19

92
.3

 (
58

0.
1)

H
ip

 s
tr

en
gt

h 
(k

g)
20

.2
 (

7.
1)

20
.6

 (
4.

5)
20

.7
 (

5.
6)

19
.3

 (
6.

5)

G
ri

p 
st

re
ng

th
 (

kg
)

26
.2

 (
11

.6
)

26
.8

 (
10

.2
)

27
.8

 (
9.

9)
26

.5
 (

7.
2)

K
ne

e 
st

re
ng

th
 (

kg
)

15
.9

 (
6.

1)
16

.5
 (

5.
5)

16
.8

 (
5.

2)
15

.7
 (

6.
0)

C
or

on
ar

y 
he

ar
t d

is
ea

se
 (

%
)

4.
6

6.
4

6.
3

4.
8

C
on

ge
st

iv
e 

he
ar

t f
ai

lu
re

 (
%

)
4.

8
2.

7
2.

7
2.

1

Pe
ri

ph
er

al
 a

rt
er

y 
di

se
as

e 
(%

)
5.

4
6.

4
4.

9
4.

8

St
ro

ke
 (

%
)

4.
0

3.
6

3.
6

3.
2

D
ia

be
te

s 
m

el
lit

us
 (

%
)

10
.5

11
.0

10
.8

10
.5

C
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e 
(%

)
7.

4
7.

3
6.

3
8.

9

D
ep

re
ss

io
n 

(%
)

19
.9

20
.2

18
.9

21
.0

H
ip

 o
st

eo
ar

th
ri

tis
 (

%
)

5.
7

5.
5

4.
7

4.
1

K
ne

e 
os

te
oa

rt
hr

iti
s 

(%
)

7.
5

10
.1

9.
0

9.
7

1 M
ea

n 
(S

D
) 

fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

 o
r 

pe
rc

en
ta

ge
s 

as
 n

ot
ed

2 O
nl

y 
pa

rt
ic

ip
an

ts
 in

 th
e 

3 
up

pe
r 

qu
ar

til
e 

of
 s

tr
en

gt
h 

ar
e 

re
po

rt
ed

 h
er

e,
 b

ec
au

se
 th

ey
 r

ep
re

se
nt

 th
e 

po
pu

la
tio

n 
at

 r
is

k 
of

 d
ev

el
op

in
g 

po
or

 m
us

cl
e 

st
re

ng
th

J Gerontol A Biol Sci Med Sci. Author manuscript; available in PMC 2014 July 17.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Lauretani et al. Page 14

T
ab

le
 2

U
ni

va
ri

at
e 

R
el

at
io

ns
hi

p 
be

tw
ee

n 
B

as
el

in
e 

C
ar

ot
en

oi
ds

 a
nd

 O
th

er
 R

is
k 

Fa
ct

or
s 

an
d 

th
e 

D
ev

el
op

m
en

t o
f 

Po
or

 M
us

cl
e 

St
re

ng
th

 a
t t

he
 S

ix
-y

ea
r 

Fo
llo

w
-u

p

C
ha

ra
ct

er
is

ti
c

P
oo

r 
H

ip
 S

tr
en

gt
h1

P
oo

r 
K

ne
e 

St
re

ng
th

1
P

oo
r 

G
ri

p 
St

re
ng

th
1

O
.R

.
95

%
 C

.I
.

P
O

.R
.

95
%

 C
.I

.
P

O
.R

.
95

%
 C

.I
.

P

A
ge

 (
ye

ar
s)

1.
13

1.
08

–1
.1

8
<

0.
00

01
1.

08
1.

04
–1

.1
2

<
0.

00
01

1.
15

1.
11

–1
.2

0
<

0.
00

01

Se
x 

(%
 f

em
al

e)
0.

91
0.

60
–1

.4
0

0.
67

0.
92

0.
60

–1
.4

0
0.

69
0.

97
0.

65
–1

.4
6

0.
88

E
du

ca
tio

n 
(y

ea
rs

)
0.

92
0.

83
–0

.9
8

0.
02

0.
91

0.
84

–0
.9

8
0.

02
0.

85
0.

70
–0

.9
3

0.
00

03

C
ur

re
nt

 s
m

ok
er

s 
(%

)
1.

10
0.

61
–1

.9
5

0.
76

1.
23

0.
71

–2
.1

5
0.

46
1.

04
0.

60
–1

.8
0

0.
90

B
od

y 
m

as
s 

in
de

x 
(k

g/
m

2 )
0.

93
0.

87
–0

.9
8

0.
01

0.
90

0.
84

–0
.9

5
0.

00
04

0.
93

0.
88

–0
.9

8
0.

01

T
ot

al
 p

la
sm

a 
ca

ro
te

no
id

s 
(μ

m
ol

/L
)2

 
Q

ua
rt

ile
 1

2.
54

1.
35

–4
.7

5
0.

00
4

1.
94

1.
05

–3
.3

9
0.

04
1.

99
1.

11
–3

.5
7

0.
02

 
Q

ua
rt

ile
 2

1.
35

0.
69

–2
.6

3
0.

38
1.

25
0.

66
–2

.3
7

0.
50

1.
69

0.
93

–3
.0

6
0.

09

 
Q

ua
rt

ile
 3

1.
36

0.
70

–2
.6

4
0.

36
1.

57
0.

85
–2

.9
0

0.
15

1.
29

0.
71

–2
.3

7
0.

41

 
Q

ua
rt

ile
 4

1.
00

--
-

--
-

1.
00

--
-

--
-

1.
00

--
-

--
-

T
ot

al
 e

ne
rg

y 
in

ta
ke

 (
kc

al
/d

ay
)

1.
00

0.
99

9–
1.

00
0.

42
1.

00
1.

00
–1

.0
00

0.
91

0.
99

9
0.

99
9–

1.
00

0
0.

63

Ph
ys

ic
al

 A
ct

iv
ity

0.
66

0.
40

–1
.0

9
0.

11
0.

92
0.

54
–1

.5
7

0.
32

0.
32

0.
19

–0
.5

3
<

.0
00

1

C
or

on
ar

y 
he

ar
t d

is
ea

se
1.

96
0.

76
–5

.0
5

0.
16

1.
84

0.
72

–4
.6

7
0.

20
1.

25
0.

47
–3

.2
9

0.
66

C
on

ge
st

iv
e 

he
ar

t f
ai

lu
re

1.
03

0.
77

–1
.3

8
0.

83
1.

11
0.

83
–1

.4
8

0.
48

1.
27

0.
98

–1
.6

4
0.

07

Pe
ri

ph
er

al
 a

rt
er

y 
di

se
as

e
1.

13
0.

78
–1

.6
3

0.
53

1.
16

0.
81

–1
.6

6
0.

42
1.

05
0.

74
–1

.4
9

0.
78

St
ro

ke
1.

28
0.

80
–2

.0
7

0.
31

1.
16

0.
74

–1
.8

3
0.

50
1.

23
0.

79
–1

.9
3

0.
35

D
ia

be
te

s 
m

el
lit

us
1.

01
0.

57
–1

.7
8

0.
98

0.
98

0.
56

–1
.7

3
0.

95
0.

76
0.

42
–1

.3
6

0.
36

C
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e
0.

86
0.

51
–1

.4
7

0.
59

0.
93

0.
56

–1
.5

7
0.

79
1.

01
0.

63
–1

.6
0

0.
98

D
ep

re
ss

io
n

1.
40

0.
81

–2
.4

1
0.

23
1.

45
0.

83
–2

.5
2

0.
19

1.
85

1.
09

–3
.1

4
0.

02

O
st

eo
ar

th
ri

tis
3

1.
39

0.
99

–1
.9

5
0.

06
1.

26
0.

98
–1

.6
2

0.
07

--
-

--
-

--
-

1 D
ef

in
ed

 a
s 

a 
de

cl
in

e 
in

 s
tr

en
gt

h 
be

lo
w

 th
e 

th
re

sh
ol

ds
 th

at
 d

ef
in

e 
th

e 
lo

w
es

t b
as

el
in

e 
qu

ar
til

e.

2 H
ig

he
st

 q
ua

rt
ile

 o
f 

to
ta

l p
la

sm
a 

ca
ro

te
no

id
s 

is
 th

e 
re

fe
re

nc
e 

qu
ar

til
e.

3 H
ip

 o
st

eo
ar

th
ri

tis
 f

or
 p

oo
r 

hi
p 

st
re

ng
th

 m
od

el
; k

ne
e 

os
te

oa
rt

hr
iti

s 
fo

r 
po

or
 k

ne
e 

st
re

ng
th

 m
od

el
.

J Gerontol A Biol Sci Med Sci. Author manuscript; available in PMC 2014 July 17.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Lauretani et al. Page 15

T
ab

le
 3

M
ul

tiv
ar

ia
te

 A
na

ly
se

s 
of

 th
e 

R
el

at
io

ns
hi

p 
be

tw
ee

n 
B

as
el

in
e 

C
ar

ot
en

oi
ds

 a
nd

 th
e 

R
is

k 
of

 D
ev

el
op

in
g 

Po
or

 M
us

cl
e 

St
re

ng
th

 a
t t

he
 S

ix
-y

ea
r 

Fo
llo

w
-u

p

V
is

it,
 A

dj
us

tin
g 

fo
r 

M
ul

tip
le

 C
on

fo
un

de
rs

C
ha

ra
ct

er
is

ti
c

P
oo

r 
H

ip
 S

tr
en

gt
h1

P
oo

r 
K

ne
e 

St
re

ng
th

1
P

oo
r 

G
ri

p 
St

re
ng

th
1

O
.R

.
95

%
 C

.I
.

P
O

.R
.

95
%

 C
.I

.
P

O
.R

.
95

%
 C

.I
.

P

M
od

el
 1

T
ot

al
 p

la
sm

a 
ca

ro
te

no
id

s 
(μ

m
ol

/L
)2

 
Q

ua
rt

ile
 1

2.
19

1.
13

–4
.2

4
0.

02
1.

84
1.

00
–3

.5
1

0.
05

1
2.

01
1.

06
–3

.8
0

0.
02

 
Q

ua
rt

ile
 2

1.
27

0.
64

–2
.5

4
0.

49
1.

26
0.

66
–2

.4
3

0.
48

1.
83

0.
96

–3
.4

6
0.

06

 
Q

ua
rt

ile
 3

1.
41

0.
71

–2
.8

0
0.

32
1.

68
0.

89
–3

.1
5

0.
10

1.
45

0.
76

–2
.7

9
0.

26

 
Q

ua
rt

ile
 4

1.
00

--
-

--
-

1.
00

--
-

--
-

1.
00

--
-

--
-

A
ge

 (
ye

ar
s)

1.
23

1.
08

–1
.1

7
<

0.
00

01
1.

08
1.

04
–1

.1
2

<
0.

00
01

1.
16

1.
12

–1
.2

1
<

0.
00

01

Se
x 

(f
em

al
e)

0.
93

0.
59

–1
.4

6
0.

74
0.

95
0.

61
–1

.4
8

0.
83

0.
94

0.
60

–1
.4

8
0.

81

M
od

el
 2

T
ot

al
 p

la
sm

a 
ca

ro
te

no
id

s 
(μ

m
ol

/L
)2

 
Q

ua
rt

ile
 1

2.
25

1.
13

–4
.4

8
0.

02
2.

12
1.

08
–4

.1
9

0.
03

1.
85

0.
95

–3
.6

1
0.

07

 
Q

ua
rt

ile
 2

1.
30

0.
64

–2
.6

6
0.

47
1.

32
0.

67
–2

.6
3

0.
42

1.
64

0.
84

–3
.2

0
0.

15

 
Q

ua
rt

ile
 3

1.
30

0.
65

–2
.6

2
0.

46
1.

65
0.

86
–3

.1
6

0.
13

1.
27

0.
65

–2
.5

0
0.

48

 
Q

ua
rt

ile
 4

1.
00

--
-

--
-

1.
00

--
-

--
-

1.
00

--
-

--
-

A
ge

 (
ye

ar
s)

1.
12

1.
07

–1
.1

7
<

0.
00

01
1.

08
1.

04
–1

.1
3

0.
00

01
1.

15
1.

10
–1

.2
0

<
0.

00
01

Se
x 

(f
em

al
e)

0.
82

0.
45

–1
.5

0
0.

53
0.

88
0.

49
–1

.5
7

0.
67

0.
87

0.
49

–1
.5

4
0.

63

E
du

ca
tio

n 
(y

ea
rs

)
0.

94
0.

86
–1

.0
2

0.
11

0.
94

0.
86

–1
.0

1
0.

10
0.

89
0.

82
–0

.9
7

0.
00

5

B
od

y 
m

as
s 

in
de

x 
(k

g/
m

2 )
0.

91
0.

86
–1

.0
2

0.
02

0.
88

0.
83

–0
.9

5
0.

00
3

0.
63

0.
33

–1
.3

2
0.

23

C
ur

re
nt

 s
m

ok
in

g
1.

10
0.

78
–1

.5
6

0.
59

1.
02

0.
73

–1
.4

4
0.

89
1.

14
0.

81
–1

.6
1

0.
45

T
ot

al
 e

ne
rg

y 
in

ta
ke

 (
kc

al
/d

ay
)

1.
00

0.
99

–1
.0

0
0.

80
1.

00
1.

00
–1

.0
0

0.
83

1.
00

1.
00

–1
.0

0
0.

23

Ph
ys

ic
al

 A
ct

iv
ity

0.
84

0.
48

–1
.4

8
0.

55
1.

10
0.

61
–1

.9
8

0.
75

0.
34

0.
19

–0
.6

2
0.

00
03

O
st

eo
ar

th
ri

tis
3

1.
43

1.
07

–1
.9

2
0.

02
1.

44
1.

09
–1

.9
1

0.
01

--
-

--
-

--
-

1 D
ef

in
ed

 a
s 

a 
de

cl
in

e 
in

 s
tr

en
gt

h 
be

lo
w

 th
e 

th
re

sh
ol

ds
 th

at
 d

ef
in

e 
th

e 
lo

w
es

t b
as

el
in

e 
qu

ar
til

e.

2 H
ig

he
st

 q
ua

rt
ile

 o
f 

to
ta

l p
la

sm
a 

ca
ro

te
no

id
s 

is
 th

e 
re

fe
re

nc
e 

qu
ar

til
e.

3 H
ip

 s
tr

en
gt

h 
m

od
el

 a
dj

us
te

d 
fo

r 
hi

p 
os

te
oa

rt
hr

iti
s;

 k
ne

e 
st

re
ng

th
 m

od
el

 a
dj

us
te

d 
fo

r 
kn

ee
 o

st
eo

ar
th

ri
tis

.

J Gerontol A Biol Sci Med Sci. Author manuscript; available in PMC 2014 July 17.


