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Abstract The large burden and coexistence of phys-
ical disability, cognitive impairment, and depression in
the oldest old makes summary markers of global func-
tioning of great value, allowing for risk stratification.
Inflammation may be a common underlying cause or
represents a final common pathway. The present study
investigated the association between elevated serum in-
flammatory markers and global functioning and its under-
lying aspects. A representative sample of 415 community-
dwelling elderly subjects participating in the BELFRAIL
study, with a mean age of 85 years, was included in the

present analysis. Data on physical performance, depen-
dence, and mental aspects of functioning and serum levels
of 15 inflammatory proteins, including cytokines, chemo-
kines, and acute-phase proteins, were assessed. Interleukin
(IL)-6 was negatively associated with global functioning
(odds ratio (OR) 4.35). The odds ratios for C-reactive
protein (CRP) (OR 2.37) and the combined score of IL-6
and CRP (OR 2.59) were lower or not significant. IL-6
was significantly associated with physical dependence and
cognitive function, and only a highly elevated serum level
was associated with physical performance. Physical de-
pendence was associated with a highly elevated CRP
serum level. The proportion of functionally impaired older
persons with elevated IL-6 was 81.93 %, giving a low
positive predictive value (0.38), but a high negative pre-
dictive value (0.87). So, IL-6 is strongly associated with
global functioning and all of the individual aspects of
functioning, except suspected depression, in community-
dwelling persons 80 years and older.
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Introduction

The number of persons aged 80 years or older is
growing worldwide and has been accompanied by a
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concurrent increase in physical disability, cognitive
impairment, and depression. Identifying useful bio-
markers to assess global functioning could be of great
value in the elderly.

Aging is characterized by a chronic low-grade system-
ic inflammatory status that is involved in the pathogenesis
and course of several age-related disorders, such as ath-
erosclerosis, osteoporosis, and cardiovascular disease
(Vasto et al. 2007; Franceschi et al. 2007). First, this
upregulation of inflammatory activity at older age, or
“inflammaging,” shows an increase in acute phase pro-
teins, such as C-reactive protein (CRP). Second, an in-
crease in cytokines or hormone-like substances released
by many cells to mediate the immune system can be
observed. Cytokine dysregulation is believed to play a
common key role or to be a final common pathway in the
remodeling of the immune-inflammatory responses and
physical or mental changes accompanying old age
(Wilson et al. 2002; Singh and Newman 2011; Krabbe
et al. 2004).

Serum interleukin (IL)-6, tumor necrosis factor alpha
(TNF-α), and CRP have been identified in epidemio-
logic studies to be related to or to predict physical
disability in aging populations, with IL-6 being the most
robust predictor (Singh and Newman 2011). The rela-
tionship between immune markers, such as IL-1β, IL-6,
IL-8, TNF-α, and CRP, and cognitive functioning has
been described in several population studies on older
persons (Singh and Newman 2011; Holmes et al. 2003;
Baune et al. 2008; Weaver et al. 2002; Bruunsgaard et
al. 1999; Dik et al. 2005; van Exel et al. 2003).

Although impairment in one individual aspect of
functioning might have different degrees of effect on
the global functioning of older people, only a few stud-
ies have reported that poorer self-rated global health is
associated with elevated inflammatory markers among
older adults (Christian et al. 2011; Cohen et al. 1997). To
our knowledge, no associations for global functioning
with serum inflammatory markers have been described.

Because data regarding cytokine profiling in the el-
derly are mostly limited to a small subset of cytokines,
the present study focuses on an extensive battery of
immune markers and investigated whether these circu-
lating marker levels are associated with global function-
al impairment in a sample of community-dwelling older
persons. In addition, the individual aspects of function-
ing that may underlie this association will be explored
(physical dependence, physical performance, and cog-
nitive and suspected depression status).

Methods

Subjects

The BELFRAIL study is a prospective, observational,
population-based cohort study performed in three
areas of Belgium. Details of the study's methods and
sampling design have been published elsewhere (Vaes
et al. 2010). Between November 2, 2008 and
September 15, 2009, 567 subjects (age range 80 to
102 years) were included in the BFC80+ study. Only
three exclusion criteria were used: (1) severe dementia
reported by the GP, (2) in palliative care, and (3)
medical emergency. The GP recorded background
variables and medical history. The clinical research
assistant performed an extensive examination, includ-
ing performance testing, questionnaires, and technical
examinations. In the present study, 152 of the 567
individuals were excluded because their immune
markers could not be determined due to a technical
issue. This selection resulted in a final population
sample of 415 participants who were highly compara-
ble to the initial sample. In 394 out of the 415 subjects,
the global functioning score could be determined, as
presented in a flow diagram (Fig. 1).

Laboratory measurements

Blood samples were collected in the morning and stored
within 4 h at −80 °C. The analytical process was orga-
nized to avoid several freeze-thaw cycles. An extensive
panel of inflammatory cytokines and growth factors (IL-
1α, IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, TNF-α, IFN-γ,
monocyte chemoattractant protein (MCP)-1, IGF-1,
VEGF, and EGF) was measured using biochip arrays
with the Evidence Investigator Analyzer (Randox
Laboratories Limited, Crumlin, UK), which enables
the simultaneous analysis of 12 cytokines and growth
factors using a limited volume of serum (100 μL) with-
out cross-reactivity. The UniCel® DxC 800 Synchron
(Beckman-Coulter, Brea, USA) was used to measure
ultrasensitive CRP and prealbumin levels. Details on
the analytical methods were previously published
(Vaes et al. 2010). The inflammatory markers IL-6 and
CRP were divided into tertiles and combined to create
an overall measure of pro-inflammatory status. The sum
was obtained from the tertiles of the two inflammatory
markers, and tertiles of the sum were calculated, leading
to three levels of pro-inflammatory status.
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Functional measures

Physical functioning

The activities of daily living (ADL) score and short
physical performance battery (SPPB) were assessed as
a proxy for the subject's physical dependence and per-
formance, respectively. Physical limitations of daily liv-
ing were assessed by asking the respondent to describe
the degree of difficulty they had with six activities of
daily living: climbing stairs, walking 5 min outdoors
without resting, getting up and sitting down in a chair,
dressing and undressing oneself, using own or public
transportation, and cutting one's own toenails. The total
score was calculated by summing the scores of all of the
activities (range 6–30). The lowest gender-adjusted
quartiles, of ≤22 or ≤19 for men and women, were used
as cutoff, respectively.

The SPPB consists of timed measurements of walk-
ing speed, rising from a chair, putting on and taking

off a cardigan, and maintaining balance in a tandem
stand. The summary performance scale, ranging from
0 to 14, has been used in several studies and has been
shown to be a reliable and valid measure of physical
functioning (Guralnik et al. 1995; 1994; Puts et al.
2005). The lowest gender-adjusted quartiles, of ≤7 or
≤4 for men and women, were used as cutoff,
respectively.

Mental functioning

The mini-mental state examination (MMSE) score
and Geriatric Depression Scale (GDS)-15 were report-
ed as a proxy for the subject's cognitive functioning
and suspected depression status, respectively. For the
MMSE, a cutoff of 24 points (range 6–30) was used
for mild to severe cognitive impairment. The GDS-15
has been especially designed to screen for depression
in the elderly (Yesavage et al. 1982). A cutoff of 5 of
more points was used for a depressed status.

Activities of Daily Living
(ADL) n=413

Physical
Independency
n=307 (74.4%)

(Scored 0)

Physical
Dependency

n=106 (25.6%)
(Scored 1)

Good
(score 0)

n=209 (53%)

Geriatric Depression Scale-15 (GDS-
15) n=412

Not depressed
n=362 (87.9%)

(Scored 0)

Depressed
n=50 (12.1%)

(Scored 1)

Short Physical Performance Battery
(SPPB) n=394

Normal
physical

performance
n=297 (75.4%)

(Scored 0)

Impaired
physical

performance
n=97 (24.6%)

(Scored 1)

Mini-Mental State Examination
(MMSE) n=411

Normal
cognitive

functioning
n= 307 (79.8%)

(Scored 0)

Impaired
cognitive

functioning
n=83 (20.2%)

(Scored 1)

Mild impaired
(score 1)

n=102 (26%)

Impaired
(score 2-4)
n=83 (21%)

Total population
n=415

Global functioning
(Sum of 4 binary scores)

n=394

Fig. 1 Flow chart of study
population
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Global functioning

The sum of the binary scores of the four aspects of
functioning created an overall score of global func-
tioning. Participants were identified as having good
(0), mildly impaired (1), or impaired functioning (2–4)
(Fig. 1).

Comorbidity

Non-cardiovascular comorbidities were defined as
thyroid problems, anemia, asthma, chronic obstruc-
tive pulmonary disease, Parkinson's disease, arthritis,
osteoarthritis, documented osteoporosis, malignancy,
and renal insufficiency. Cardiovascular comorbidities
were defined as hypertension; diabetes mellitus; hy-
perlipidemia; a history of angina pectoris or myocar-
dial infarction and known cardiomyopathy; a history
of transient ischemic attack or cardiovascular acci-
dent and peripheral arterial disease; a history of
decompensated heart failure, atrial fibrillation, and
valvular disease; or a history of edema of the lower
extremities.

Statistical analysis

Continuous data are presented as the mean and stan-
dard deviation (SD) or median and interquartile range.
Categorical data are presented as numbers and fre-
quencies. Comparisons between different categories
of subjects were performed using the Kruskal–Wallis
test for continuous data and the p for trend test for
categorical data; p<0.05 was considered to be statisti-
cally significant.

The relationship between global functioning (depen-
dent variable) and immune markers (independent vari-
able) was assessed with multivariate logistic regression
analyses. Only patients with good or impaired global
functioning were entered into the multivariate models.
No colinearity, interaction, or influential outliers were
found with regard to the variables. The associations
between the serum levels of the immune markers (inde-
pendent variables) and individual aspects of physical
and mental functioning (dependent variables) were fur-
ther examined using multivariate logistic regression
analyses. The serum levels of the immune markers were
entered into the logistic models as tertiles. For all of the
analyses, robust estimates were used due to the
nonconstant variance (Lumley et al. 2002).

Three consecutive adjusted models were used to as-
sess the relationship with global functional impairment:
age, gender, number of cardiovascular comorbidities, and
number of non-cardiovascular comorbidities (model 1);
adding additional confounders for the outcome variable,
including a low level of education, institutionalization,
alcohol usage, and widow status (model 2); and adding
additional confounders from the independent variable,
including BMI, smoking status, and the use of anti-
inflammatory medication (model 3). Except for age,
BMI, number of cardiovascular comorbidities, and num-
ber of non-cardiovascular comorbidities, all of the vari-
ables were dichotomized. Model 3 was used in all further
multivariate analyses. Potential confounders were based
on the bivariate analysis and previous studies of these
variables on the exposures or outcome (Singh and
Newman 2011). Odds ratios and C statistics of the
models were calculated after performing the regression
analysis.

For IL-6, the positive predictive value (PPV) and
negative predictive value (NPV) were calculated using
2×2 tables as a measure of predictive power. The cutoff
was defined as the upper limit of the lowest tertile or
1.52 pg/ml because the largest differences in prevalence
were observed between the lowest and higher tertiles.

The statistical analyses were performed using
STATA 11 (StataCorp, College Station, TX).

Results

Identifying potential immune markers and confounders
of impaired global functioning

Global functioning was assessed in 394 partici-
pants with a mean age of 84.5 years, and 63.4 %
of the participants were female. Approximately 10
% of them were institutionalized, 70 % had low
education, 6.6 % took anti-inflammatory medica-
tion, and 99.3 % reported comorbidities (Table 1).
A total of 209 (53 %) participants were identified
as having a good functional status; 102 (26 %), as
having mild impaired functioning; and 83 (21 %),
as having impaired functioning (Fig. 1). Increasing
age, institutionalization, low level of education,
widow status, unmarried status, low alcohol intake,
and a higher number of cardiovascular and non-
cardiovascular comorbidities were associated with im-
paired global functioning. Furthermore, IL-6 and CRP
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serum levels were significantly higher in patients with an
impaired global functional status.

Associations between impaired functioning and IL-6
or CRP

The relationship between global functional impair-
ment and IL-6, CRP, or their composite score was further
analyzed by calculating odds ratios. Table 2 shows the
associations in the unadjusted and adjusted models
with increasing C statistics. The highest odds ratios and
C statistics were found with model 3. The odds of

functional impairment occurring with slightly or
highly elevated IL-6 levels were 4.16 (1.6–10.9)
or 4.35 (1.7–11.4) times higher, respectively, than
the odds for a low IL-6 level. In contrast, the odds
ratios for a slightly or highly elevated CRP level
were 2.37 (1.0–5.4) or 2.1, the latter being not
significant. The odds ratios of the composite score
were similar to those of CRP, but significant.

Additionally, the proportion of older persons with
an elevated IL-6 or CRP level was 81.93 and 72.29 %
in the impaired functioning compared with 52.63 and
59.71 % in those with good functioning, respectively

Table 1 Demographic characteristics and immune parameters according to global functioning

Total Good Mildly impaired Impaired p value
n=415 n=209 n=102 n=83

Demographic

Female gender, n (%) 262 (63.4) 127 (60.77) 71 (69.61) 51 (61.45) 0.295

Age (years), mean ± SD 84.6±3.59 83.6±3 85.1±3.6 86.3±4.5 <0.001

Institutionalized, n (%) 43 (10.4) 8 (3.83) 10 (9.8) 19 (22.89) <0.001

Low level of education, n (%) 288 (70.8) 129 (62.32) 77 (77) 66 (81.48) <0.001

Married, n (%) 173 (42.3) 104 (50) 34 (34) 29 (34.94) 0.008

Widow/widower, n (%) 204 (49.9) 82 (39.42) 60 (60) 51 (61.45) <0.001

Ever smoked, n (%) 132 (32.3) 67 (32.37) 29 (28.71) 28 (34.15) 0.711

BMI, mean ± SD 27.5±4.9 27.1±4.42 28.3±5.32 27.8±4.98 0.144

Alcohol unities per day,
median (IQR)

1 (0–7) 2 (0–7) 1 (0–7) 0 (0–2.5) <0.001

Anti-inflammatory medication,
n (%)

27 (6.6) 9 (4.33) 9 (8.91) 8 (9.64) 0.123

Number of cardiovascular
diseases, median (IQR)

3 (2–4) 2 (1–4) 3 (2–4) 3 (2–4) 0.019

Number of non-cardiovascular
diseases, median (IQR)

1 (1–3) 1 (1–2) 1 (1–3) 2 (1–3) 0.001

Acute phase proteins, median (IQR)

Ultrasensitive CRP (mg/dl) 0.18 (0.08–0.42) 0.15 (0.06–0.37) 0.17 (0.1–0.4) 0.25 (0.09–0.56) 0.018

Prealbumin (mg/dl) 25.1 (22.1–29.5) 25.2 (22.4–29.5) 25.4 (22–29.5) 24.3 (21.9–28.2) 0.499

Cytokines and chemokines, median (IQR)

IL-1α (pg/ml) 0.63 (0–0.88) 0.66 (0–0.94) 0.63 (0–0.8) 0.62 (0–0.85) 0.502

IL-1β (pg/ml) 0.99 (0–1.51) 0.94 (0–1.46) 0.85 (0–1.51) 1.04 (0–1.57) 0.376

IL-2 (pg/ml) 2.32 (0–3.58) 2.43 (0–3.58) 2.25 (0–3.63) 2.24 (0–3.69) 0.875

IL-4 (pg/ml) 1.97 (0–2.81) 2.04 (0–2.85) 1.67 (0–2.57) 2.1 (0–2.99) 0.237

IL-6 (pg/ml) 2.06 (1.34–3.78) 1.63 (1.11–3.01) 2.45 (1.67–3.75) 2.36 (1.65–4.86) <0.001

IL-8 (pg/ml) 4.07 (2.64–7.03) 4.01 (2.61–5.89) 4.52 (2.67–8.46) 3.87 (2.62–6.37) 0.1

IL-10 (pg/ml) 0.77 (0.56–1.06) 0.75 (0.56–1.05) 0.82 (0.65–1.05) 0.74 (0.53–1.14) 0.337

TNF-α (pg/ml) 3.68 (2.9–4.76) 3.6 (2.79–4.38) 3.83 (2.99–5.06) 3.86 (3.01–5.15) 0.177

IFN-γ (pg/ml) 1.2 (0–1.98) 1.14 (0–2.19) 1.26 (0–1.84) 1.34 (0–1.84) 0.822

IGF-1 (pg/ml) 94 (72.3–127.2) 94.05 (74.02–124.8) 87.4 (69.6–133.5) 94.5 (68.2–123.4) 0.715

EGF (pg/ml) 3.5 (2.2–7.9) 3.41 (2.14–7.63) 3.44 (2.3–7.7) 3.77 (2.26–8.22) 0.678

VEGF (pg/ml) 32.1 (21.7–59.6) 34.86 (22.43–63.01) 30.5 (20.3–49.6) 31.71 (19.77–53.28) 0.331

MCP-1 (pg/ml) 191.1 (147.2–254.6) 187.83 (149.8–259.9) 191.4 (148–244.4) 198.81 (142.5–251.2) 0.853

SD standard deviation, IQR interquartile range

AGE (2014) 36:457–467 461



T
ab

le
2

O
dd

s
ra
tio

s
of

m
ul
tiv

ar
ia
te

lo
gi
st
ic

an
al
ys
is
be
tw
ee
n
gl
ob

al
fu
nc
tio

ni
ng

an
d
in
fl
am

m
at
or
y
m
ar
ke
rs
/c
om

po
si
te

sc
or
e

U
na
dj
us
te
d
m
od

el
M
od

el
1a

M
od

el
2b

M
od

el
3c

O
R
(C
I)

p
va
lu
e

C
st
at

O
R
(C
I)

p
va
lu
e

C
st
at

O
R
(C
I)

p
va
lu
e

C
st
at

O
R
(C
I)

p
va
lu
e

C
st
at

IL
-6 L

R
ef

R
ef

R
ef

R
ef

S
E

3.
86

(1
.9
1–

7.
79

)
<
0.
00

1
0.
65

3.
64

(1
.6
5–
8.
03

)
0.
00

1
0.
80

4.
42

(1
.8
3–
10

.7
1)

0.
00

1
0.
86

4.
16

(1
.6
0–
10

.8
6)

0.
00

4
0.
87

H
E

4.
28

(2
.1
6–

8.
49

)
<
0.
00

1
0.
65

3.
26

(1
.4
4–
7.
40

)
0.
00

5
0.
80

3.
94

(1
.5
8–
9.
82

)
0.
00

3
0.
86

4.
35

(1
.6
6–
11
.4
3)

0.
00

3
0.
87

C
R
P

L
R
ef

R
ef

R
ef

R
ef

S
E

1.
68

(0
.8
8–

3.
21

)
0.
11
3

0.
57

2.
44

(1
.1
6–
5.
11
)

0.
01

8
0.
79

2.
30

(1
.0
4–
5.
08

)
0.
04

0
0.
84

2.
37

(1
.0
4–
5.
38

)
0.
04

0
0.
86

H
E

1.
83

(0
.9
8–

3.
44

)
0.
05

9
0.
57

1.
95

(0
.9
4–
4.
06

)
0.
07

3
0.
79

2.
01

(0
.9
1–
4.
42

)
0.
08

4
0.
84

2.
10

(0
.9
3–
4.
73

)
0.
07

4
0.
86

C
om

po
si
te

L
R
ef

R
ef

R
ef

R
ef

S
E

2.
13

(1
.0
8–

4.
21

)
0.
02

9
0.
60

2.
65

(1
.2
5–
5.
65

)
0.
01
1

0.
79

2.
07

(0
.9
2–
4.
68

)
0.
08

0
0.
84

2.
40

(1
.0
4–
5.
58

)
0.
04

1
0.
86

H
E

2.
45

(1
.3
4–

4.
48

)
0.
00

4
0.
60

2.
15

(1
.0
6–
4.
36

)
0.
03

5
0.
79

2.
34

(1
.0
8–
5.
05

)
0.
03

1
0.
84

2.
59

(1
.1
5–
5.
84

)
0.
02

2
0.
86

L
lo
w

te
rt
ile
,
SE

sl
ig
ht
ly

el
ev
at
ed

te
rt
ile
,
H
E
hi
gh

ly
el
ev
at
ed

te
rt
ile
,
O
R
od

ds
ra
tio

,
C
I
95

%
co
nf
id
en
ce

in
te
rv
al
,
C
st
at

C
st
at
is
tic
s,
R
ef

re
fe
re
nc
e
va
lu
e

a
M
od

el
1
(c
on

tr
ol
lin

g
fo
r
ag
e,
ge
nd

er
,
nu

m
be
r
of

ca
rd
io
va
sc
ul
ar

co
m
or
bi
di
ty
,
nu

m
be
r
of

no
n-
ca
rd
io
va
sc
ul
ar

co
m
or
bi
di
ty
)

b
M
od

el
2
(c
on

tr
ol
lin

g
fo
r
ag
e,
ge
nd

er
,n

um
be
r
of

ca
rd
io
va
sc
ul
ar

co
m
or
bi
di
ty
,n

um
be
r
of

no
n-
ca
rd
io
va
sc
ul
ar

co
m
or
bi
di
ty
,l
ow

le
ve
l
of

ed
uc
at
io
n,

in
st
itu

tio
na
liz
at
io
n,

w
id
ow

st
at
us
,

al
co
ho

l
us
ag
e)

c
M
od

el
3
(c
on

tr
ol
lin

g
fo
r
ag
e,
ge
nd

er
,n

um
be
r
of

ca
rd
io
va
sc
ul
ar

co
m
or
bi
di
ty
,
nu

m
be
r
of

no
n-
ca
rd
io
va
sc
ul
ar

co
m
or
bi
di
ty
,
lo
w

le
ve
l
of

ed
uc
at
io
n,

in
st
itu

tio
na
liz
at
io
n,

w
id
ow

st
at
us
,

al
co
ho

l
us
ag
e,
B
M
I,
sm

ok
in
g
st
at
us
,
us
e
of

an
ti-
in
fl
am

m
at
or
y
m
ed
ic
at
io
n)

462 AGE (2014) 36:457–467



(chi-square test, p<0.001 and p<0.045, respectively)
(Fig. 2). We found a low PPV for IL-6 compared
with the pretest probability, but a high NPV of 0.87
(Fig. 2).

Inflammatory relationship with specific physical
or mental aspects of functioning

Adjusted odds ratios were calculated for all of the
immune markers with regard to all of the individual
aspects of functioning. A total of 106 (25.6 %) and 97
(24.6 %) subjects were identified as having physical
dependence and impaired physical performance, re-
spectively (Fig. 1). A total of 83 (20.2 %) subjects
were identified as having cognitive impairment, and
50 (12.1 %) subjects were identified as having a de-
pressed status (Fig. 1). Logistic regression analysis
showed IL-6 to be significantly associated with ADL
and MMSE, and only a highly elevated serum level
was associated with SPPB (Table 3). In contrast, only
ADL were associated with a highly elevated CRP
serum level (odds ratio (OR) 2.44, 95 % confidence
interval 1.24–4.83). No associations were found with
GDS-15. Furthermore, the odds of having a low ADL
or MMSE score with a highly elevated IL-8 level were
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Fig. 2 Proportions of older persons with high inflammatory pro-
tein levels. *p<0.05, significant difference between good and
impaired global functioning (chi-square test). Pre pretest probabil-
ity, PPV positive predictive value, NPV negative predictive value
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2.19 (1.13–4.22) and 2.29 (1.2–4.37) times higher than
the odds for a low IL-8 level, respectively.

Discussion

IL-6 as marker of global functioning in very old
persons

Of the extensive immune markers studied, only IL-6,
CRP, and their composite score maintained the asso-
ciations with global functioning in bivariate and multi-
variate analyses (Tables 1 and 2). The pro-inflammatory
cytokine IL-6, however, is the most robustly associated
marker with the global functional status (Fig. 3) in the
oldest old, which is consistent with many studies iden-
tifying IL-6 as the gerontologists' cytokine (Forsey et al.
2003; Ershler 1993).

Previous research from aging population studies re-
ported that IL-6 was associated with physical and cog-
nitive impairment and mortality (Singh and Newman
2011). However, this study is the first to show the
additional significance of IL-6 as a global func-
tioning marker in the oldest old. Only a few stud-
ies have reported that poorer global self-rated health is
associated with elevated inflammatory markers among
older adults (Christian et al. 2011; Cohen et al. 1997).
Christian et al. (2011) reported IL-6 and CRP to be
associated with self-rated health in a relatively healthy
study population with caregiving responsibilities with a
mean age of 63.8 years, which is in line with our results in
the community-dwelling oldest old, even with high
comorbidity.

Inflammatory associations with individual aspects
of functioning

A negative association was found between IL-6 and
the physical dependence aspect (ADL). Our results
are in line with Christian et al. (2011), who reported
similar results with the only significant self-rated
health component, physical functioning. Moreover,
a recent review by Singh and Newman (2011), based
on the results from major epidemiologic studies,
showed IL-6 to be robustly associated with physical
functioning in older adults. This association may be
attributable to a direct effect of IL-6 on muscle atro-
phy and/or to the pathophysiologic role of IL-6 in
specific diseases. However, we could only partially
confirm strong associations of IL-6 with physical
performance (SPPB) in aged populations (Cesari et al.
2004; Cohen et al. 1997; Ferrucci et al. 2002; Penninx et
al. 2004; Tiainen et al. 2010). Additionally, no associa-
tion with IL-6 was found with the age-related loss of
muscle strength and function in our community-
dwelling oldest old (data not shown).

IL-6 was also negatively associated with cognitive
performance (MMSE), which is consistent with a
growing body of literature that has shown a correlation
of IL-6 with cognitive impairment or decline and
dementia in aging populations (Singh and Newman
2011; Ravaglia et al. 2007; Weaver et al. 2002; Yaffe
et al. 2003). These results suggest that IL-6 could play
a role in complex processes, such as neurogenesis and
synaptic plasticity (McAfoose and Baune 2009).

Depression is the most common comorbidity in the
elderly, and it is a major determinant or consequence

IL -6

IL -6 IL -6

IL -6, CRP

Fig. 3 The most robust
markers of inflammation for
global functioning and the
underlying physical and
mental aspects
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of functional disability. It has become clear that the
inflammatory immune system is altered during the
course of clinical depression. Paralleling these find-
ings, population studies of depression in younger pop-
ulations have implicated several peripheral cytokines,
most notably IL-6 and TNF-α (Dowlati et al. 2010;
Penninx et al. 2003). Our study could not confirm the
relationship between IL-6 or TNF-α and suspected
depression, which is inconsistent with a recent meta-
analysis of smaller population studies in the middle-
aged (Dowlati et al. 2010) and studies in older adults
(Baune et al. 2012; Dimopoulos et al. 2008; Tiemeier
et al. 2003). These apparently contradictory results
may reflect a different immune phenotype or survival
effect because the current study population was con-
siderably older than the populations of older adults in
those previous studies. The BELFRAIL population
may thus be a selected population of older individuals
being less susceptible to long-term deleterious effects
of inflammaging and survivors of the Second World
War (Mathei et al. 2011).

In line with previous studies, a logistic association
between physical or cognitive impairment and IL-8 was
reported (Baune et al. 2008; Kim et al. 2011). IL-8, a
chemokine, has a number of pro-inflammatory effects,
persists for days and even weeks (compared with most
other cytokines), and can cross the BBB. Our findings
support the hypothesis of a pro-inflammatory status in
the impaired, and that IL-8 might be involved in cogni-
tive processes, such as memory, perceptual speed, and
motor function (McAfoose and Baune 2009; Wilson et
al. 2002; Franciosi et al. 2005).

Clinical marker for identifying functional impairment

The large burden and coexistence of physical and
mental impairment in the oldest old population make
summary markers of the global functioning of great
value, allowing risk stratification to identify people
who need additional care or attention. In contrast to
the odds ratios of the individual aspects of functional
impairment, the higher odds ratios for global function-
ing suggest that elevated serum IL-6 could be a future
potential candidate as a measure for global functional
burden because inflammation may be a common un-
derlying cause of physical and mental impairment or a
final common pathway. In our study, IL-6 had an
unsatisfactory PPV, but a satisfactory NPV for identi-
fying those with a healthy global functional status

(Fig. 2). Thus, despite the strong association, IL-6
does not necessarily qualify for use in screening or
primary diagnosis, but it could be explored to exclude
global functional impairment in the community-
dwelling oldest old. Our unique cohort, however, does
not allow us to be certain of the causal relationship due
to the cross-sectional design of the study, and future
prospective studies are needed to confirm the potential
predictive value. Future prospective follow-up data
should elucidate whether IL-6 is a risk factor of rapid
functional decline. In this respect, Taaffe et al. (2000)
reported that lL-6 predicted the onset of disability in
older persons and was associated with mortality risk,
but IL-6 did not predict a change in performance 7
years later in a high-functioning subset of older adults,
except for walking measures and grip strength at base-
line. Future studies should elucidate the mechanisms
underlying the common inflammatory pathway be-
cause global functioning is undoubtedly influenced
by multiple factors. Although high C statistics have
been reached in our models, improving the power of
the association, predictive models should be assessed
to evaluate the predictive value of IL-6. Thus, the
current evidence is not sufficient to allow or rule out
the routine use of inflammatory markers in the elderly
because there are few studies in this age range, and
most of these studies are short-term and analyzed a
small number of inflammatory markers.

Benchmark chronic marker in the oldest old

CRP has been used in adults as the benchmark chronic
inflammatory marker and has been shown to be highly
associated with individual aspects of functioning in
older persons (Singh and Newman 2011). However,
in this study, ultrasensitive CRP was only significant
in the highest tertile with the single aspect of physical
dependence. Furthermore, a bivariate association was
observed between CRP and global functioning, but
this association only persisted to a certain degree after
adjusting for confounders, suggesting IL-6 as the
benchmark chronic inflammatory marker in the oldest
old for functional impairment. This result may only
apply to this age category because IL-6 concentrations
may only reach significantmeasurable levels in individuals
aged 75 and over, causing an increased sensitivity due to
larger differences (Ershler 1993; Cohen et al. 1997). This
tremendous age-related increase was also observed in our
cohort in 5-year age categories (p=0.001, data not shown),
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making interindividual differences in IL-6 of great value
for functioning or even morbidity, but it remains unclear
how this pleiotropic cytokine may be involved in impaired
functioning.

Composite indicators of inflammation were adopted
to increase specificity for ongoing inflammation, be-
cause of the influential role of IL-6 in CRP regu-
lation and the generally low levels of circulating
cytokines, in previous population studies investigating
the association between inflammation and mobility lim-
itation (Penninx et al. 2004; Reuben et al. 2002) or
mortality (Reuben et al. 2002; Harris et al. 1999;
Giovannini et al. 2011; Jylhä et al. 2007). In contrast,
our results do not support this theory regarding the
association with global functioning in a representative
sample of community-dwelling elderly persons. A com-
bination of sample size, wide age range, poorly selected
donors, and variability in assays has continued to fuel
the argument of composite indicators (Penninx et al.
2004; Giovannini et al. 2011; Jylhä et al. 2007;
Reuben et al. 2002).

A few limitations should be considered. First, we
have chosen for a non-validated score to define global
functioning. Second, the differing analytical methods
and measures of functioning can be seen as a limita-
tion because they could partly lead to inconsistent
results across the research area and studies. Third, a
reduction in power could have occurred, as the mild
impaired group was excluded from the multivariate
analyses to have an idea on markers for global func-
tioning. This was justified due to the fact that having
impairment in one aspect does not necessarily imply
an impaired global functioning.

Conclusion

Our study is the first to demonstrate that in a represen-
tative sample of community-dwelling persons of 80
years and older, IL-6 is strongly associated with global
functioning and could be used to exclude a global im-
paired functional status in these oldest old, most likely
due to its higher levels than CRP in this specific age
category. Furthermore, a pro-inflammatory status, espe-
cially IL-6, was associated with all of the individual
aspects of functioning, except suspected depression.
More research should be performed to understand the
factors influencing this association or elucidating the
common inflammatory pathway.
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