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Chapter 8

Abstract

In addition to measures already used in clinical practice, molecular measures have been
proposed to assess health status, but these have not yet been introduced into clinical practice.
We aimed to test the association of functional capacity measures used in current practice and
molecular measures with age and health status.

The cohort consisted of 178 middle-aged to old participants of the Leiden Longevity Study
(range 42-82 years). We tested associations between functional capacity measures (physical
tests: grip strength, 4-meter walk, chair stand test; cognitive tests: Stroop test, digit symbol
substitution test and 15-picture learning test) with age and with cardiovascular or metabolic
disease as a measure of the health status. These associations with age and health status were
also tested for molecular measures (C reactive protein (CRP), numbers of senescent p16INK4a
positive cells in the epidermis and dermis and putative immunosenescence (presence of
CD57+ T cells)).

All functional capacity measures were associated with age. CRP and epidermal p16INK4a
positivity were also associated with age, but with smaller estimates. Grip strength and the
Stroop test were associated with cardiovascular or metabolic disease, as was epidermal
p16INK4a positivity. All associations with cardiovascular or metabolic disease attenuated
when adjusting for age.

In conclusion, in middle-aged to old persons, the molecular measures tested here were more
weakly associated with age and health status than functional capacity measures. Whether
these molecular measures associate more closely with health status in the elderly or in specific
groups of patients needs to be explored further.
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Cellular senescence in assessment of health status

Introduction

Markers that characterize the rate of aging in humans are important in an era of increasing
lifespan and emerging novel opportunities for interventions to potentially prolong lifespan.
Ideally, these measures should associate with age and with prevalence of age-related disease
as a measure of an individuals health status. In clinical practice, functional capacity can be
assessed by testing e.g. muscle strength, balance and walking speed. Performance on physical
performance tests are associated with age '?, as well as health outcomes such as disability *,
disease * and mortality %7, even at middle age > The cognitive domain is evaluated by making
use of the Mini Mental State Examination (MMSE) assessing global cognitive functioning but
also testing specific cognitive domains such as executive functioning, recall and attention.

910

Performance on cognitive tests is associated with age %, as well as disease *'° and mortality .

These functional capacity measures have proven their use in clinical practice.

Molecular mechanisms which are causally related to the aging process have also been reported
to provide insights into an individual’s health '2. Molecular measures associated with age and
health status include telomere length, transcriptomic and epigenetic parameters, inflammatory
markers and cellular senescence *°. Low grade systemic inflammation, measured by e.g.
C-reactive protein (CRP) has been associated with age ', disease '*'® and mortality 7"
Cellular senescence, the phenomenon of permanent cell cycle arrest of somatic cells after
a certain number of cell divisions or particular insults such as DNA damage, is found to be
more prevalent at higher age in many tissues ***. Immunosenescence, which may involve
cellular senescence of T lymphocytes, has been linked to mortality 2. Furthermore, cellular
senescence has been related to many age-related diseases such as diabetes *, glomerular
disease # and chronic obstructive pulmonary disease %, which strengthens the rationale to
use senescence as a potential marker for the human aging process. A small number of studies
has used such senescence measures to predict clinical outcome, but with inconsistent results
231 Qverall, molecular measures have not yet found their way into clinical practice.

We aimed to evaluate the associations between functional capacity measures and molecular
measures (focussing specifically on t CRP, skin senescence and immunosenescence) from
middle age onwards (age range 42-82 years), and to associate these with the presence of
cardiovascular or metabolic disease as a measure for health status.
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Methods

Study design and participants

In the Leiden Longevity Study, factors contributing to familial longevity are studied in long-
lived families; the study design has been described previously **. Offspring of nonagenarian
siblings as well as their partners, who act as environmentally-matched controls, participated
in this study. Subjects were recruited from July 2002 to May 2006. Over several years
(November 2006 to May 2008, and September 2009 to December 2010) data on functional
capacity and molecular measures were acquired from these participants, many of which have
been published previously #¥**. The study was approved by the Medical Ethics Committee of
Leiden University Medical Center and all participants gave their informed consent.

Medical history

Medical history on myocardial infarction, cerebrovascular accident, hypertension, diabetes
mellitus, malignancy, chronic obstructive pulmonary disease and rheumatoid arthritis was
obtained from general practitioners. Presence of any of these diseases was defined as one or
more disease in the medical history. Presence of a cardiovascular or metabolic disease was
defined as one or more of four cardiovascular or metabolic diseases (presence of myocardial
infarction, cerebrovascular accident, hypertension or diabetes mellitus).

Functional capacity measures

Functional capacity measures were based on measures used in clinical practice, and included
measures of physical and cognitive domains. Grip strength of the dominant hand was
measured in the upright position with maximal force using a hand dynamometer (Jamar,
Sammons Preston Inc., Bolingbrook, IL, USA) *. The best of three attempts, expressed in
kilograms, was used for analysis. Four meter walking speed was measured twice across a
4-meter course starting from a standing position. Participants were asked to walk at usual
pace. The fastest time in seconds was used for analyses. The time to stand up and sit down on
a chair as fast as possible five times formed the chair stand test 2. Cognition was assessed by
neuropsychological testing ®. For this study, part 3 of the Stroop test (time in seconds needed
to read coloured words printed in an incongruous ink colour), the digit symbol substitution
test (correct number of symbols) and delayed recall (correct number after 20 minutes) of
the 15-picture learning test were used because of their known associations with age in larger
cohorts ®.

Molecular measures

From the diverse set of existing molecular measures, we here studied specific measures of
inflammation, skin senescence and immunosenescence.
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Cellular senescence in assessment of health status

High sensitive C-reactive protein (hsCRP) was measured in serum (Hitachi Modular P 800
from Roche, Almere, the Netherlands) *. Participants with a hsCRP>10 mg/L were excluded
from the analyses due to possible acute infection.

Skin biopsies from the upper inner arm were taken and stained for senescence-associated
pl6INK4a expression by immunohistochemistry, as described previously *. pl6INK4a-
positive cells were counted separately in the epidermis (positive staining cells per mm length
of the epidermal-dermal junction) and in the dermis (positive staining cells per Imm? dermis).
Peripheral blood mononuclear cells (PBMCs) were analysed by flow cytometry for T-cell
differentiation phenotypes * to study immunosenescence. The frequency of T cells bearing
the ‘senescence-associated’” marker CD57 was previously found to be higher in elderly
than in young individuals . In the present study, we therefore selected the proportion of
CD4+CD57+ and CD8+CD57+ T-cells for analysis. Cytomegalovirus (CMV) serostatus was
taken into account as a possible confounder, and measured by ELISA using the CMV-IgG-
ELISA PKS assay (Medac GmbH, Wedel, Germany), as per the manufacturer’s instructions *.

Analyses - Datasets

Analysis of associations of the measures of the functional capacity and molecular measures
with age and cardiovascular/ metabolic disease were conducted using data from 178
participants. The number of included participants was limited by the measure with the lowest
number of available data (epidermal and dermal p16INK4a positivity). Not all measures were
available in this exact same group of 178 participants, and therefore data from randomly
selected participants of the cohort in whom the measures were available were added to
complement the dataset (4-meter walk test and chair stand test random subset N=95, Stroop
test, digit symbol substitution test and 15-picture learning test random subset N=57, CRP
random subset N=15, proportion of CD8+CD57+ and CD4+CD57+ T-cells random subset
N=98). The functional capacity and molecular measures were divided into tertiles of worst,
average and best test results. Values of these tertiles are shown in Supplementary Table 1.

Analyses - Statistics

Statistical analyses were performed using IBM SPSS Statistics 20. Graphs were drawn with
Prism Graphpad version 5. First we tested whether functional capacity and molecular
measures were associated with age using linear regression (with estimated means via linear
mixed models). The first model was adjusted for sex (grip strength analyses used sex-specific
tertiles) and the immunosenescence associations for CMV serostatus. The second model
additionally adjusted for the presence of one or more diseases. Next, we tested whether
functional capacity and molecular measures associate with health status, determined by
history of one or more cardiovascular or metabolic diseases using logistic regression. The
first model was adjusted for sex (except grip strength analysis) and for CMV serostatus for
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immunosenescence associations. The second model additionally adjusted for age. Adjustment
for membership of a long-lived family (‘offspring’) is not reported here as this did not change
results. Lastly, we tested which measures were associated independently of other measures
by using a multivariable model (linear regression for age and logistic regression for health
status). Variables were included that were associated with age in the first analysis model
(grip strength, 4-meter walk test, chair stand test, Stroop test, digit symbol substitution test,
15-picture learning test, CRP and epidermal pl16INK4a positivity). For this analysis only
those participants with data available on of all these measures were included (N=83). Within
this group, we also used combined test results by computing the average tertile of functional
capacity measures (grip strength, 4-meter walk test, chair stand test, Stroop test, digit symbol
substitution test, 15-picture learning test) and the average tertile of molecular measures (CRP,
epidermal pl16INK4a positivity). These averaged test results were used as the independent
variable in the linear regression with age, and logistic regression with health status analyses.

Results

Table 1 depicts the characteristics of the participants per functional capacity and molecular
measure, including age, gender and diseases of participants.

Associations between functional capacity and molecular measures with age are shown in
Supplementary Table 2. All functional capacity measures were significantly associated with
age. Participants in the tertile of worst test results were older than those in the average and
best test result tertiles. Except for the 4-meter walk test and the 15-picture learning test,
all functional capacity measures were also significantly associated with age after further
adjustment for disease. For the molecular measures, CRP and epidermal p16INK4a positivity
were significantly associated with age. Participants in the tertile of worst test results were older
than those in the average and best test result tertiles. CRP and epidermal pl16INK4a positivity
had smaller estimates and were less significantly associated with age than functional capacity
measures. Dermal pl16INK4a positivity and the proportion of CD57+ T cells within CD8+
and CD4+ T cells were not significantly associated with age. CRP was significantly associated
with age independently of disease, whereas the association between epidermal pl6INK4a
positivity and age was attenuated upon further adjustment for disease. For visualisation
purposes, measures that were most strongly associated with age are shown in Figure 1.

The associations between functional capacity and molecular measures with cardiovascular or

metabolic disease are shown in Supplementary Table 3. Grip strength and the Stroop test as
functional capacity measures were significantly associated with cardiovascular or metabolic
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Table 1. Characteristics of study participants per functional capacity and molecular measure

Functional capacity measures Molecular measures
4-meter Immuno-
Grip walk &  Cognitive Skin se-
. CRP senes-
strength chair tests nescence
stand test
Participant overlap with skin 178 83 121 163 178 80
senescence dataset, no.
Randomly selected participants, no. 0 95 57 15 0 98
Age, years, mean (SD) 63.4 (6.62) 62.7 (7.02) 63.3 (6.82) 62.9 (6.62) 63.4 (6.62) 61.9 (7.51)
Female, no. (%) 90 (50.6) 95(53.4) 93(52.2)  90(50.6) 90 (50.6) 89 (50.0)
Offspring, no. (%) 90 (50.6) 91 (51.1) 95(53.4)  90(50.6) 90 (50.6) 87 (48.9)
>1 disease, no. (%) 58 (35.4) 56(31.5) 58(38.4) 49 (31.8) 58(35.4) 42(28.0)

>1 cardiovascular/metabolic

disease, no. (%) 51(31.1) 48(30.6) 50(32.1) 44(27.7) 51(31.1) 32(21.1)

All subsets N=178. SD: standard deviation. No.: number. %: valid percentage. CRP: C-reactive protein.
Missing data on diseases for 14-28 participants. >1 disease: presence of one or more of the following
diseases: myocardial infarction, cerebrovascular accident, hypertension, diabetes mellitus, malignancy,
chronic obstructive pulmonary disease or rheumatoid arthritis. >1 cardiovascular/metabolic disease:
presence of one or more of the following diseases: myocardial infarction, cerebrovascular accident, hy-
pertension or diabetes mellitus.

disease, whereas the other measures were not. Participants in the worst test result tertile
of grip strength and of the Stroop test had a history of cardiovascular or metabolic disease
more frequently than those in the average and best test result tertiles. Results did not remain
statistically significant after further adjustment for age, although a trend remained for grip
strength. Epidermal pl16INK4a positivity was significantly associated with cardiovascular or
metabolic disease, but did not remain significant after adjustment for age. Other molecular
measures were not associated with cardiovascular or metabolic disease. Associations between
the functional capacity and molecular measures and presence of cardiovascular or metabolic

disease are shown in Figure 2.

Multivariable regression analyses of functional and molecular measures with age and health
status demonstrated that grip strength, the Stroop test and digit symbol substitution test
were significantly associated with age, independently of other measures, shown in Table 2.
Grip strength and the 15-picture learning test were significantly associated with health status
independently of the other measures.

159



Chapter 8

Functional capacity Molecular
measures measures
Grip strength CRP
90- p<0.001 90- p=0.022
80- : oo 80- . o .
L] (]
70- 'é-'%-"” sessoee Seet, 70 Sowiier  Sgtarsl  eg .00
ﬁ-‘goa 8003 Soeap el :...H“.. 3302,
604 “2°038 oSS0 Lo S 60 iy :‘ ::'":; :f#;:
bt M TEme B3 *a RS
L]
501 © . ':E.O 50 ::o °3ee
ﬁ-- 401
40
cT L] T T cT T T T
Chair stand Epidermal p16INK4a positivity
90- p=0.002 90- p=0.040
% . i :
g ey soohees 70 S3AAST sl gl
g .: .. .S.v.: 144 [ O A CEXAAO
- [ ] - L ]
0 g3t TG M) ceplptt TERY Ll
oq0 °
d‘l .:: O::.oO 50 oo o® oge°
o | 40- 401
=]
< | 40 40
cT ) 1 T eT ) L} T
Stroop test %CD57+/CD8+
90- p<0.001 90- p=0.225
80- .:, 80- ‘. .
° ° ° °
| oopp o et o0 °® | ceg e 0 %0 00,0
o e B3N k. T e BEL il
60- ..:o' pEALIONS L0 2 604 e.®u.e s H 7'%7
G w ° 0“. ‘::.. ..:.:.’ .... ®
°® ° b ®ge°® . ® oo
504 ° ° 50 . °° ®e
° T34 14 M ®ec00’
: : .
401 404
40 40
cT T T T cT T T T
X < X X < X
o‘% "bq 906 0(9 ‘QQ °G6
K «© Q@ ©
L >

Figure 1. Age of participants dependent on functional capacity and molecular measures given in tertiles.
SE: standard error. Single data points and the mean age per tertile of measure (worst, average, best test
result) are given. P for trends are derived from linear mixed models, adjusted for sex (plus CMV se-
rostatus in the CD57+/CD8+ association). N=178 for all measures.

160



Cellular senescence in assessment of health status

Functional capacity Molecular
measures measures
Grip strength CRP
50- p=0.003 50- p=0.342

Chair stand Epidermal p16INK4a positivity

50- p=0.155 50- p=0.038

Stroop test %CD57+/CD8+

% with >1 cardiovascular/metabolic disease

50- p=0.010 50- p=0.791

Figure 2. Presence of cardiovascular/ metabolic disease dependent on functional capacity and molecu-
lar measures given in tertiles.

Percentage of participants with one or more cardiovascular/metabolic diseases (myocardial infarction,
cerebrovascular accident, hypertension or diabetes mellitus) are given per tertile of measure (worst,
average, best test result). P-values were calculated with logistic regression; adjusted for sex (plus CMV
serostatus in the CD57+/CD8+ association). N=178 for all measures.
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Table 2. Associations between age and cardiovascular/metabolic disease with functional capacity and
molecular measures

Cardiovascular/metabolic
Age

disease
B (SE) P-value B (SE) P-value
a. Multivariable model
Functional capacity measures
Physical tests
Grip strength -3.17 (0.85) <0.001 -1.28 (0.48) 0.008
4-meter walk test 0.79 (0.81) 0.333 0.53 (0.42) 0.208
Chair stand test 0.03 (0.83) 0.967 0.60 (0.43)  0.159
Cognitive tests
Stroop test -3.12 (0.90) 0.001 0.20 (0.47) 0.679
Digit symbol substitution test -1.91 (0.95) 0.047 -0.34 (0.46) 0.460
15-picture learning test -0.80 (0.86) 0.355 -1.09 (0.47) 0.019
Molecular measures
CRP -0.99 (0.79) 0.212 20.16 (0.40)  0.689
Epidermal p16INK4a -0.56 (0.82) 0.495 0.10 (0.40) 0.800
b. Univariate - combined measures
Combined functional capacity measures -8.88 (1.48) <0.001 -1.04 (0.60) 0.085
Combined molecular measures -2.86 (1.37) 0.039 -0.87 (0.50) 0.543

N=83 for all measures. SE: standard error. CRP: C-reactive protein. Multivariable model: tertiles of all
measures were included as independent variable in a linear regression model for the association with
chronological age; in a logistic regression model for the association with cardiovascular/metabolic dis-
ease. Univariate model: the average tertile of all functional capacity measures combined, and all molecu-
lar measures combined was used as the independent variable.

Discussion

In this study of middle-aged to old adults (range 42-82 years), functional capacity measures
are associated with age, whereas molecular measures are inconsistently and weakly associated
with age. Associations of all measures were stronger with age than with cardiovascular or
metabolic disease as measure of health status.

These observed associations between different functional capacity measures and age are in
line with the literature. Both physical and cognitive tests have been shown to be a reflection
of the aging process through their links with mortality ©''*° and disability *** in older people.
Some measures of physical and cognitive performance are known to be different in men and

41-46

women **, which we therefore accounted for in our analyses. Even in this smaller group of
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178 participants (to aid comparison to the molecular measure analyses) the associations were
statistically significant, highlighting the strong links between these measures and aging in

men and women.

Recently, several different measures of the underlying biological aging process have been
studied, but here we have focussed on low-grade systemic inflammation and cellular
senescence in the skin and in the immune system. We found low-grade systemic inflammation
to be associated with age, similar to findings from other larger studies '***, but not to
cardiovascular or metabolic disease within this study and sample size. Cellular senescence has

been linked in the literature to both higher age %%

and to age-related pathologies 2%, but
most studies have a modest sample size and studies on disease rarely adjusted for age. Within
the Leiden Longevity Study, epidermal but not dermal p16INK4a positivity also linked to age
¥ However, this association is not fully independent of disease, as estimates became smaller
and the significance diminished after adjustment for disease. Epidermal p16INK4a is also
linked to cardiovascular disease or metabolic disease in skin of middle-aged to old persons,
but not independently of age. The associations of senescence measures (e.g. pl6INK4a
epidermal positivity) with age and health status were weaker than for the functional capacity
measures (e.g. grip strength), indicating a need for large number of participants when using
senescence measures, which are therefore in the current state less appropriate for clinical
practice. Indeed, in a recent study p16INK4a positivity in T-cells was not predictive for length
of stay in hospitalized middle-aged to old patients after a coronary artery bypass graft surgery
3! In the present study, T cell CD57 positivity was not associated with either age or disease
in these middle-aged to old persons. One of the reasons for this lack of association might be
the more limited age range of these participants compared to other studies ***. However, it is
more likely that the history of pathogen exposures in these subjects over-rode any potential
effects of age. When a multivariable model was performed, only grip strength was associated
with both age and health status independently of all other measures. Thus, no clear added
value of the molecular measures tested here was found when taking functional capacity
measures into account.

More molecular markers have been proposed in the literature to capture the aging process.
These markers are based on biomaterial, and are therefore more invasive than functional
capacity measures. However, efforts should be made to measure molecular markers in a
minimally-invasive manner in routinely clinically-obtained biomaterial such as blood, or
other easily accessible material such as urine or saliva. Measurement of molecular markers
has the potential to be optimized and routinized, whereas measurement of functional capacity
measures is usually dependent on trained health care workers and is more time-consuming.
With expanding knowledge of the biology of the aging process, more molecular markers are
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likely to be found in addition to current known markers which could better describe the
pathophysiology of underlying systems. Within the Leiden Longevity Study markers like
telomere length in leukocytes and expression levels of IL7R were shown to be markers of
familial longevity and mortality ***', and several loci associated with longevity or familial
longevity were identified ****. When studying the value of markers for prediction of health
status, most studies focus on older persons, or specific groups of patients. For example, various
markers such as grip strength, vitamin D and brain natriuretic peptide were associated with
health status in persons aged 85 years and above *. Sex-differences in molecular markers
are rarely reported and should be more often considered in future studies. In addition to
the search for single markers of the aging process, also multiple markers have been used
to describe biological age **¢. This approach focusses on the correlated aging in multiple
organs and might already be useful at a younger age . However, the comparison of molecular
measures with functional measures in terms of the strength of association with age and health
status had not yet been performed.

A strength of the present study is that participants of the Leiden Longevity Study were
uniquely phenotyped for both functional capacity and molecular measures. This allowed us to
compare these measures dependent on both age and cardiovascular or metabolic disease (as
a measure for health status). While not all participants had all phenotypes measured over the
years of study participation, we ensured equally sized datasets by completing all datasets up
to 178 participants by random selection. A limitation of this study its cross-sectional nature,
which does not allow drawing firm conclusions on predictive properties of the measures on
e.g. disease incidence, next to the limited sample size. In addition, only a limited number of
molecular measures were tested, and the assessment of the numbers of senescent skin cells
was done using only one marker of cellular senescence and in only a small section of sun-
protected skin. It is still unclear whether senescence in a section can adequately reflect the
whole organ. Another limitation is the use of middle-aged to old participants who were still
relatively healthy.

In conclusion, currently used functional capacity measures show stronger associations with
age and health status in middle-aged to old persons compared to tested molecular measures.
Further studies are required to determine the value of other molecular measures of aging
in addition to functional capacity measures, and in older persons or in specific groups of
patients.
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Supplementary Table 1. Values for tertiles of functional capacity and molecular measures.

Tertiles of measures

Worst Average Best
Functional capacity measures
Physical tests
Grip strength (female), kg <28 28-32 >32
Grip strength,(male), kg <42 42-50 >50
4-meter walk test, s >3.90 3.33-3.90 <3.33
Chair stand test, s >13.4 11.4-13.4 <11.4
Cognitive tests
Stroop test, trial 3, s >54 42-54 <42
Digit symbol substitution test, no. correct <40 40-49 >49
15-picture learning test, delayed recall, no. correct <11 11-12 >12
Molecular measures
Inflammation
CRP, mg/L >1.80 0.79-1.80 <0.79
Senescence - skin
Epidermal p16INK4a, no./mm >1.30 0.30-1.30 <0.30
Dermal p16INK4a, no./mm2 >2.05 0.72-2.05 <0.72
Senescence - immune system
CD57+/CD8+, % >32.4 18.5-32.4 <18.5
CD57+/CD4+, % >1.82 0.64-1.82 <0.64

No.: number. CRP: C-reactive protein. Tertiles are given as worst, average and best test results.
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Supplementary Table 2. Association of functional capacity and molecular measures with age.

Cellular senescence in assessment of health status

Age (years) per tertile of measures

worst average best 1 fFa P for
mean SE mean SE  mean SE Stand.p* trend® trend®
Functional capacity measures
Physical tests
Grip strength 66.0 0.77 64.0 0.82 60.0 0.81 -0.372 <0.001 <0.001
4-meter walk test 65.1 0.87 61.2 0.86 62.3 0.87 -0.168 0.022 0.052
Chair stand test 64.2 0.87 64.0 0.86 60.3 0.87 -0.105 0.002  0.006
Cognitive tests
Stroop test 67.0 0.82 63.6 0.78 59.7 0.78 -0.439 <0.001 <0.001
sﬁf:;ggﬁ‘t’is . 657 076 647 084 592 081 -0396 <0.001 <0.001
15-picture learning test ~ 64.6 0.9 63.4 0.84 61.8 093 -0.163 0.035  0.068
Molecular measures
Inflammation
CRP 63.6 0.84 64.3 0.83 609 0.84 -0.170 0.022 0.037
Senescence - skin
Epidermal p16 64.7 0.85 63.4 0.84 622 0.85 -0.154 0.040 0.133
Dermal p16 63.5 0.86 63.2 0.85 63.5 0.86 -0.006 0.992 0.822
Senescence - immune system
%CD57+/CD8+ 62.7 1.04 62.0 0.97 60.8 1.02 -0.103 0.225  0.285
%CD57+/CD4+ 62.4 1.09 62.1 0.98 61.0 1.05 -0.077 0.375 0.165

N=178 for all measures. SE: standard error. Stand: standardized. Linear regression (estimated means
via linear mixed models), age as dependent variable. Model 1: adjustment for sex (and CMV serostatus
for immunosenescence). Model 2: as model 1 plus the presence of any disease. Estimated means from
model 1 are given. P-value *for model 1, p-value ® for model 2.
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Supplementary Table 3. Association of functional capacity and molecular measures with presence of
cardiovascular/metabolic disease.

Percentage of disease per tertile

of measures
worst average best P-value® P-value®

Functional capacity measures
Physical tests

Grip strength 45.0 27.8 18.0 0.003 0.057

4-meter walk test 29.4 26.8 36.0 0.466 0.797

Chair stand test 35.2 34.0 22.0 0.155 0.434
Cognitive tests

Stroop test 43.5 35.2 19.6 0.010 0.203

Digit symbol substitution test 31.0 4355 23.1 0.405 0.715

15-picture learning test 38.0 333 24.5 0.182 0.376
Molecular measures
Inflammation

CRP 29.6 32.1 21.2 0.342 0.660
Senescence - skin

Epidermal p16INK4a 38.2 35.8 19.6 0.038 0.115

Dermal p16INK4a 32.7 33.3 27.3 0.537 0.603
Senescence - immune system

%CD57+/CD8+ 21.3 23.1 18.9 0.791 0.892

%CD57+/CD4+ 15.1 26.0 224 0.436 0.851

N=178 for all measures. Number and valid percentages are given; P-values are derived from logistic re-
gression, with measures as tertiles. The outcome is the presence of one or more of the following diseases:
myocardial infarction, cerebrovascular accident, hypertension or diabetes mellitus. P-value * for model
1, p-value ® for model 2 . Model 1 adjusted for sex (and CMV serostatus for immunosenescence), model
2 additionally for age.
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