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Background. Multimorbidity increases with aging, but risk factors beyond age are unknown.

Objective. To investigate the association of inflammatory and anabolic hormonal biomarkers with presence and pro-
spective development of multimorbidity.

Methods. Nine-year longitudinal study of 1018 participants aged 60 years or older (InCHIANTI Study). Multimorbidity
was evaluated at baseline and follow-up visits as number of diagnosed diseases from a predefined list of 15 candidate
chronic conditions, defined according to standard clinical criteria. Linear mixed models were used to test cross-sectional
and longitudinal associations between candidate biomarkers and multimorbidity.

Results. At baseline, multimorbidity was significantly higher in older participants (p < .001) and higher IL-6, IL-Ira,
TNF-a receptor I (TNFAR2), and lower dehydroepiandrosterone sulfate were associated with higher number of dis-
eases, independent of age, sex, body mass index, and education. The rate of longitudinal increase in number of chronic
diseases was significantly steeper in participants who were older at baseline (p < .001). In addition, higher baseline IL-6
and steeper increase of IL-6 levels were significantly and independently associated with a steeper increase in multimor-
bidity over time (p < .001 and p = .003, respectively). Sensitivity analyses, performed using 15 different models obtained
by removing each of 15 conditions included in the original list of candidate diseases, confirmed that results were not
driven by any specific condition.

Conclusions. Accumulation of chronic diseases accelerates at older ages and in persons with higher baseline levels
and steeper increase over time of IL-6. High IL-6 and increase in IL-6 may serve as early warning sign to better target
interventions aimed at reducing the burden of multimorbidity.
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HE number of older persons affected by multiple

chronic diseases is progressively increasing and caring
for them poses a number of scientific and organizational
challenges for health care systems around the world (1-3).
The coexistence of multiple diseases in the same person is
usually referred to as multimorbidity; if one condition is the
focus, then the term comorbidity is more often used (4).
Because aging is the strongest risk factor for many chronic
diseases, including cardiovascular diseases, type 2 diabe-
tes, cancer, and dementia, multimorbidity is considered an
important landmark of poor health status in older people,
resulting recently increasing interest among gerontology
and clinical geriatric researchers in this topic (5). Moreover,
it is well-established that multimorbidity increases with
age and, independent of age, it is strongly associated
with frailty, disability, hospitalization, and mortality (6).

However, little is known about risk factors for multimor-
bidity beyond age. Understanding the nature of such risk
factors may shed light on the mechanisms by which some
individuals tend to develop multiple and apparently unre-
lated chronic diseases as they age (7). Epidemiological
and clinical studies have found that older persons often
show a “low-grade chronic proinflammatory state” (8) and
a “multiple hormonal dysregulation” (9) characterized by
high levels of serum cytokines and low levels of anabolic
hormones, respectively. Both conditions are risk factors for
chronic diseases and predict a variety of adverse health out-
comes, including frailty, disability, and mortality. Thus, it
is reasonable to hypothesize that individuals with chronic
inflammation and/or hormonal dysregulation are more
likely to be affected by or to develop multimorbidity. Yet,
this hypothesis has not been formally tested.
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This study aims to investigate the relationship of levels
of inflammatory markers and anabolic hormones with mul-
timorbidity in the participants of the INCHIANTI study to
identify cross-sectional correlates and predictors of future
development of multimorbidity over a 9-year follow-up.

METHODS

Farticipants

The present analysis used data from the Invecchiare in
Chianti (Aging in the Chianti Area, INCHIANTI) study, a
longitudinal population-based study of older people living
in the Chianti area, Tuscany, Italy. The study was designed
to identify factors contributing to mobility decline and dis-
ability in older persons. A detailed description of the sam-
pling procedures and data collection methods has been
previously published (10). In brief, participants were ran-
domly selected from the city registries of Greve in Chianti
and Bagno a Ripoli using a multistage sampling method.
Baseline data were collected in 1998-2000; the 3-year
follow-up took place in 2001-2003, the 6-year follow-up
in 2004-2006, and the 9-year follow-up in 2007-2009.
The Italian National Research Council on Aging (INRCA)
Ethical Committee ratified the entire study protocol and
participants provided written consent to participate.

Of the 1203 participants at least 60 years old at enroll-
ment, 1,018 participants attended at least one visit over the
follow-up period and were included in the analysis pre-
sented here. Of these, 683 participants were still alive and
provided data at the 9-year follow-up.

Multimorbidity

Both at baseline and at follow-up visits, multimorbid-
ity was evaluated as number of diagnosed diseases, which
affect each participant, from a predefined list of candidate
chronic conditions (see as in what follows).

Chronic Diseases

At baseline and follow-ups we ascertained the presence
of 15 chronic conditions (11), predefined in the study design
and characterized by high prevalence and high risk of dis-
ability in older adults. Most of them (hypertension, diabe-
tes, ischemic heart disease, congestive heart failure, stroke,
chronic obstructive pulmonary disease, cancer, Parkinson’s
disease, hip fracture, and lower extremities joint disease)
were defined using standard criteria that combined infor-
mation from self-reported medical history, medication use,
medical documents, and a clinical medical examination. In
addition, anemia was defined as hemoglobin <12g/dL in
women and <13 g/dL in men (12); chronic kidney disease
was defined as glomerular filtration rate estimated using
the Cockroft—Gault equation <30mL/L (although a thresh-
old of 60mL/L is usually considered indicative of chronic

kidney disease, we selected a lower cutoff because it has
been shown that in older populations the Cockroft—Gault
equation constantly underestimates the true glomerular fil-
tration rate) (13); peripheral arterial disease was defined as
ankle-brachial index measured by Doppler stethoscope <0.9
(14); cognitive impairment was defined as age and educa-
tion corrected-Mini Mental State Examination score <24
and depression was defined as a score of 20 or greater of the
Center for Epidemiological Studies-Depression Scale (15).

Laboratory Measures

For all the tested inflammatory markers and anabolic hor-
mones, laboratory measures used in this analysis were per-
formed in serum samples collected at baseline visit in 1998.
For IL-6, measures performed in serum samples collected at
follow-up visits were used in the present analysis.

Inflammatory markers.—Interleukin (IL)-6, IL-1§, IL-1
receptor antagonist (IL-1ra), and IL-10 were measured in
duplicate by high-sensitivity enzyme-linked immunoab-
sorbent assays (BIOSOURCE, international, Camarillo,
CA). TNF-a. was measured using multiplex technology
(Human Serum Adipokine Panel B LINCOplex kit; Linco
Research, Inc., St Charles, MO). Interleukin-18, soluble
TNF-a receptor I (sTNFARI1), and II (STNFAR2) were
measured using an ultra-sensitive quantitative sandwich
enzyme-linked immunoassay (ELISA) (R&D Systems, Inc,
Minneapolis, MN). AnIL-15 was measured using a chemilu-
minescent immunoassay (Human IL-15 Chemiluminescent
Immunoassay, R&D Systems). High-sensitivity C reactive
protein (CRP) was measured by ELISA and colorimetric
competitive immunoassay that uses purified protein and
polyclonal anti-CRP antibodies (Calbiochem, San Diego,
CA). Assay precisions and detectable limits for these meas-
ures were reported earlier (16,17).

Based on previous literature, “high” IL-6 was defined
as equal to or higher than 3.5 pg/mL and “high” CRP as
equal to or higher than 3 pg/mL. Because clinically relevant
thresholds for the other inflammatory markers are not avail-
able, we used the upper tertile to define “high” levels.

Hormones.—Dehydroepiandrosterone sulfate (DHEAS),
total insulin-like growth factor-1 (IGF-1), and total tes-
tosterone concentrations were measured in duplicate by
immunoradiometric assays, using commercial reagents
(Diagnostic Systems Laboratories Corporation, Webster,
TX). Concentrations of bioavailable testosterone (serum-
free and albumin-bound testosterone, but not sex hormone-
binding globulin) were calculated using the Vermeulen
formula. Estradiol levels were measured in the Laboratory
of the University of Parma using ultrasensitive RIA (DSL-
4800, Chematil, Angri (SA), Italy). Assay precisions and
detectable limits for these measures were reported previ-
ously (18,19).
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Because all of these hormones decline with aging and
low levels have been associated with adverse outcomes (9),
“low” levels of anabolic hormones were defined as values
lower than the sex-specific threshold of the lower tertile in
the analyzed population.

Covariates

Body mass index (BMI) was calculated as measured
weight in kilograms divided by measured height in meters
squared (kg/m?). Education was expressed as years of
school attendance.

Statistical Analysis

The baseline characteristics of the sample were reported
as mean + standard deviation (SDs), median, and interquar-
tile range (IQR) or percentage according to different number
of diseases and compared using age, sex, and BMI adjusted
linear and logistic regression models (Table 1). Variables
with extremely skewed distribution were log-transformed
before the analysis. Linear mixed models were performed
to test the association of baseline age and baseline values of
biomarkers, dichotomized in “high” and “low” as described
earlier, with higher cross-sectional number of diseases and

steeper increase in number of diseases over the follow-up.
Linear mixed models were also used to test the hypothesis
that, independent of baseline IL-6, a faster increase over
the follow-up in IL-6 would predict a steeper increase in
number of diseases over the same time frame. Finally, sen-
sitivity analyses were performed using 15 different mod-
els, obtained by removing each time one of 15 conditions
included in the original list of candidate diseases. Results
from sensitivity analyses were summarized as median and
IQR of B coefficients and p values across the 15 regression
models.

All analyses were performed using the SAS statistical
package, version 9.3 (SAS institute Inc., Cary, NC).

RESULTS

Baseline Characteristics of the Population

The baseline population included 1,018 participants,
with mean age 73.6+7.2. Of these, 582 (57.2%) were
women. The average number of chronic diseases increased
with age (p < .001, Figure 1). In the univariate analyses,
older age, female sex, higher BMI, and lower education
were associated with higher multimorbidity (Table 1). After
adjusting for age, sex, and BMI, high IL-6, CRP, IL-1RA,

Table 1. Baseline Characteristics of the Study Population (n = 1018) According to the Different Number of Chronic Diseases

(InCHIANTI Study, 1998-2000)

Number of Chronic Diseases

No Disease One Disease Two or Three Four or more
(n=213) (n=347) Diseases (n = 364) Diseases (n = 94) p Value
Age (y), mean (SD) 70.7 (5.9) 72.3 (6.9) 75.4(7.2) 78.1(7.2) <.001*
Female sex, % 45.5 57.1 61.4 63.8 .0027
BMI (kg/m?), mean (SD) 27.5 (3.5) 27.2 (4.1) 27.4 (4.0) 28.6 (4.9) .019*
Education (y), median (IQR) 5.0 (4-7) 5.0 (4-6) 5.0 (3-5) 4.5 (3-5) .018¢
Inflammatory markers
IL-6 (pg/mL), median (IQR) 2.3(1.8-3.4) 2.7 (1.9-3.6) 3.0 (2.04.1) 3.9 (2.8-5.1) <.001%
IL-6 > 3.5 pg/mL, % 23.4 28.8 33.6 58.0 <.001"
CRP (pg/mL), median (IQR) 2.4 (1.0-4.9) 2.2(1.9-4.7) 2.7(1.4-5.4) 3.9(1.9-9.8) .003¥
CRP 2 3 pg/mL, % 444 38.6 46.6 57.4 .089"
IL-1RA (pg/mL), median (IQR) 125.8 (89.2-167.5) 126.0 (94.1-169.7) 136.8 (98.0-186.8) 160.3 (118.1-223.4) <.001*
IL-1RA 2 161.92 pg/mL, % 26.0 322 34.5 48.9 <.001"
IL-18 (pg/mL), median (IQR) 378.6 (295.3-465.6) 369.2 (287.9-453.6) 376.5 (299.6-474.6) 441.7 (346.1-553.8) .009%
1L-18 > 2864.8 pg/mL, % 29.4 29.7 33.5 53.2 .002"
TNFARI (pg/mL), median (IQR) 1242.3 (1006.9-1526.6) 1226.1 (1021.2-1531.5) 1365.1 (1123.0-1677.6) 1884.9 (1330.6-2373.6) <.001%
TNFARI > 1514.9 pg/mL, % 25.1 26.4 36.4 62.6 <.009"
TNFAR?2 (pg/mL), median (IQR) 2459.8 (2156.7-2771.2)  2465.3 (2170.7-2924.7)  2631.5 (2297.0-3099.6) 3210.2 (2646.9-3715.9) .001%
TNFAR?2 > 2664.8 pg/mL, % 20.7 27.3 37.6 63.7 <.001"
Hormones
DHEAS (pg/dL), Median (IQR) 84.2 (49.6-142.4) 71.1(43.3-115.4) 58.8 (32.8-104.5) 54.6 (33.5-89.3) .001%
DHEAS < 53.9 pg/dL for men and 26.0 29.1 38.8 40.2 .008"

<44.7 pg/dL for women, %

Notes: BMI =body mass index; DHEAS = dehydroepiandrosterone sulfate; IL = interleukin; IQR = interquartile range; SD = standard deviation; TNFAR1 = TNF-a

receptor I; TNFAR2 = TNF-a receptor II.

*p trend from sex and BMI adjusted linear regression model.
‘p trend from age and BMI adjusted logistic regression model.
“p trend from age and sex adjusted linear regression model.

Sp trend from age, sex and BMI adjusted from linear regression using log-transformed variables (then back-transformed for data presentation).
'p trend from age, sex and BMI adjusted logistic regression.
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Figure 1. Crude mean number of chronic diseases according to different age groups in the baseline population (InCHIANTI Study, 1998-2000).

IL-18, TNFAR1, TNFAR2, and low DHEAS were each sig-
nificantly associated with higher multimorbidity. Similar
results, with the exception for CRP, were obtained when
biomarkers were dichotomized as “high” versus “low” (see
Method section). Other inflammatory markers (IL-1B, IL-
10, IL-15, and TNFA) and anabolic hormones (total and
bioavailable testosterone, estradiol, and IGF-1) were not
associated with multimorbidity.

Longitudinal Changes in Number of Chronic Diseases

Intraindividual changes in average number of chronic dis-
eases, limited to participants followed through the 9 year-
follow-up (n = 683), are shown in Figure 2. Observing the
crude data, it was evident that multimorbidity increased
with aging in all age groups, but the rate of change was
steeper in those who were older at baseline. A formal analy-
sis performed on the entire study population using a linear
mixed model confirmed the initial impression by showing
a significant “age x time” interaction (p <.001) (see Model
I'in Table 2 and Supplementary Figure).

Association of Baseline Levels of Inflammatory Markers
and Hormones With Baseline Multimorbidity and
Longitudinal Changes in Number of Chronic Diseases
Further analyses were performed to test whether baseline
levels of candidate inflammatory and hormonal biomarkers
were independently associated with cross-sectional multi-
morbidity and longitudinal changes in number of chronic
diseases over the follow-up. All biomarkers significantly
associated with multimorbidity at the univariate analysis
were tested in a linear mixed model adjusted for covariates

(age, sex, education, and BMI) (shown in Supplementary
Material) and, from this fully saturated model, a parsimoni-
ous model that included only variables with p value < .05
was derived (Model II in Table 2). In Model II, independ-
ent of age, sex, and education, baseline high IL-6, IL-1RA,
TNFAR2, and low DHEAS (dichotomized as described
earlier) were significantly associated with higher baseline
multimorbidity. In addition, the interaction “IL-6 x time”
was highly significant, meaning that individuals with higher
levels IL-6 at baseline experienced a steeper increase in
multimorbidity with age compared with those with normal
values. Particularly, persons with higher baseline levels of
IL-6 presented an average higher increase in number of dis-
eases of about 0.06 per year (p <.001).

Association Between Longitudinal Increase in IL-6
Levels and Longitudinal Increase in Number of Chronic
Diseases

Finally, we used linear mixed models to test the hypothesis
that, independent of baseline IL-6, the rate increase over time in
IL-6 would predict the rate of increase in multimorbidity over
the same time frame. We found that a steeper increase of 1L-6
was associated with a steeper increase in number of chronic dis-
eases over the follow-up, after adjusting for age, sex, and educa-
tion (p < .001). The association was still statistically significant
after adjusting for baseline values of IL-6 (p = .003).

Figure 3 summarizes the “accelerative” effect of higher
baseline IL-6 and steeper increase in IL-6 levels over time
on the rate of longitudinal increase in number of chronic
diseases. Particularly, the sample population was catego-
rized according to high versus low baseline levels of IL-
6 and upper tertile versus medium-lower tertiles of rate of
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Figure 2. Crude mean number of chronic diseases at baseline and at 9-year follow-up visit for participants with available data at 9-years follow-up (n = 683) and
derived average trajectories of multimorbidity in different baseline age groups (InCHIANTI Study, 1998-2000, 2007-2009). The rough impression given by crude
data that the increase in multimorbidity was steeper at older baseline ages was confirmed by liner mixed models (Model I, Table 2 and Supplementary Figure).

Table 2. Linear Mixed Models Testing the Association of Baseline Age and Baseline Biomarkers With Cross-sectional
Multimorbidity and Longitudinal Increase in Number of Chronic Diseases Over the Follow-up (InNCHIANTI Study: 1998-2000;
2001-2003; 2004-2006; 2007-2009)

Number of Chronic Diseases

Model I Model II Sensitivity Analysis
B (SE) p Value B (SE) p Value f Median (IQR) p Value Median (IQR)
Baseline age (y) 0.059 (0.006) <.001 0.05 (0.01) <.001 0.05 (0.05-0.05) <.001
‘Women, % 0.18 (0.08) .032 0.19 (0.09) .026 0.19 (0.14-0.22) .028 (0.007-0.066)
Education, y —-0.04 (0.01) .001 —-0.04 (0.01) .002 —-0.04 (0.04-0.04) .001 (0.001-0.002)
Time 0.21 (0.01) <.001 0.18 (0.01) <.001 0.17 (0.16-0.17-0.09) <.001
IL-6 > 3.5 pg/mL 0.26 (0.09) .006 0.25 (0.23-0.26) .008 (0.005-0.011)
IL-1RA > 161.92 pg/mL 0.28 (0.09) .002 0.27 (0.25-0.29) .003 (0.001-0.006)
TNFAR2 > 2664.8 pg/mL 0.33 (0.09) <.001 0.31 (0.29-0.32) .001 (0.001-0.002)
DHEAS < 53.9 pg/dL (men), and 0.27 (0.09) .002 0.27 (0.24-0.27) .003 (0.002-0.006)
<44.7 pg/dL (women)
Baseline age (y) x time 0.008 (0.001) <.001 0.008 (0.001) <.001 0.007 (0.007-0.008) <.001
IL-6 2 3.5 pg/mL x time 0.06 (0.01) <.001 0.06 (0.05-0.06) <.001

Notes: DHEAS = dehydroepiandrosterone sulfate; IL = interleukin; IQR = interquartile range; SE = standard error; TNFAR2 = TNF-a receptor II. High baseline
levels of IL-6 were associated with a steeper increase in multimorbidity overtime (p value of interaction “IL-6 x time” < .001).

increase in IL-6 overtime. Figure 3 shows that participants
with high baseline levels and faster increase overtime in
IL-6 presented a significant steeper increase in number of
chronic diseases over the follow-up compared with those
with high baseline levels but slower increase in IL-6 over-
time (p = .019) and those with low baseline levels of IL-6
(reference group, REF, p < .001).

Sensitivity Analysis
Sensitivity analyses were also performed. In particular,
we fitted 15 different models, each one based on a new

value of number of diseases recalculated by eliminating one
by one each of the 15 conditions included in the originallist
of candidate diseases. The results, presented as median and
IQR of P coefficients and p values (Table 2) across the 15
regression models, were consistent with the original analy-
sis, suggesting that the results were not driven by a specific
disease.

DiscussIoN
Aging is by far the strongest risk factor for many chronic
diseases, many of which have different pathophysiology. As
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Figure 3. Linear mixed model estimated trajectories of longitudinal increase in number of chronic diseases over the follow-up in different baseline age groups,
according to baseline values of IL-6 (high vs low) and rate of increase in IL-6 levels (upper tertile vs medium-lower). Participants with high baseline levels and faster
increase overtime in IL-6 (dashed red line) presented a significant steeper increase in number of chronic diseases over the follow-up compared with those with high
baseline levels but slower increase in IL-6 overtime (solid red line, p = .019) and those with low baseline levels of IL-6 (reference group (REF), dark line, p <.001)

(InCHIANTI Study: 1998-2000; 2001-2003; 2004-2006; 2007-2009).

a result, the prevalence of multimorbidity increases dramat-
ically with age (20-27). Our study contributes to this litera-
ture by showing that the rise of multimorbidity with age is
not linear but rather significantly accelerates at older ages.
In addition, age-related proinflammatory state and decline
in DHEAS are associated with higher cross-sectional multi-
morbidity and higher baseline IL-6 and steeper increase of
IL-6 predict accelerated rise of multimorbidity with aging.

High baseline levels of IL-6, TNFAR2, IL-1RA or low
baseline levels of DHEAS were associated with higher mul-
timorbidity than participants with normal levels of the same
markers. Moreover, individuals with baseline levels of IL-6
equal or higher than 3.5 pg/mL were more likely to experi-
ence a steeper increase in multimorbidity over the follow-
up compared with those with normal values. In addition,
independent of baseline IL-6, a steeper increase in IL-6 lev-
els over the time of the study was associated with a steeper
increase in number of chronic diseases.

These findings are consistent with the literature showing
that the clustering of chronic diseases in some older indi-
viduals exceeds that expected from the effect of age alone
(28).We recognize that cause—effect relationships cannot be
fully inferred from epidemiological studies. However, the
strength, consistency, and time relationship between IL-6
levels and multimorbidity provide strong support to the
notion that chronic inflammation is a predisposing factor to
the development of multiple diseases with aging.

Few studies have examined longitudinally the devel-
opment of multimorbidity. Although Van den Akker and

coworkers (21) found older age linearly associated with a
higher incidence of multimorbidity, their observation was
limited to a 1-year follow-up. Building on this observation,
our findings based on a relatively large population, objec-
tive clinical findings, and a 9-year follow-up clearly show
that the association of age and multimorbidity is not linear.
As a consequence, the effect of age as risk factor for multi-
morbidity derived from cross-sectional data likely underes-
timates the true effect of age observed longitudinally. Such
underestimation is probably due to individuals with high
multimorbidity being removed from the population because
of mortality, or because they are less likely to participate in
follow-up visits (Figure 2).

A mild, chronic proinflammatory state is a typical phe-
notype associated with older age, and has been implicated
in the pathogenesis of many age-related diseases, includ-
ing cardiovascular diseases, diabetes, anemia, cancer, pul-
monary diseases, osteoporosis, arthritis, Parkinsonism,
and dementia (29-32). Many hypotheses raised to explain
the mild proinflammatory status of aging include a dys-
regulation of the NF-kB pathway, impaired mitochondrial
function, and impaired mitophagy leading to excessive
production of reactive oxygen species, and accumulation
of senescent cells with age can all lead to higher vulner-
ability to chronic diseases development and faster disease
progression (7,30). In addition, the age-related increase in
serum levels of inflammatory markers is highly correlated
with obesity, insulin resistance, sarcopenia, osteopenia, and
neurodegeneration. This is consistent with multiple studies
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showing that elevated levels of inflammatory markers pre-
dict increased risk of adverse health outcomes such as disa-
bility, hospitalization, and mortality in older adults (33-36).

Levels of DHEAS and other anabolic hormones decline
significantly with aging (37) and are associated with
a higher risk of frailty (38) and mortality (19,39), and
inversely related to inflammatory markers. This evidence
suggests that the development of multiple chronic diseases,
including those apparently not related to each other, could
be a consequence of the same biological processes that
characterize normal aging (ie, inflammation and hormonal
dysregulation). The involvement of chronic inflammation
as a common pathway in the development of some clusters
of comorbidities referred to a specific index condition (ie,
chronic obstructive pulmonary disease) has been previously
demonstrated (40). Yet, the current study documents that
age-related inflammation and decline in DHEAS are indic-
ative of overall multimorbidity in the elderly. Moreover,
higher baseline levels of IL-6 and a steeper increase in IL-6
levels over time are associated with an accelerated devel-
opment of multimorbidity with aging. Consistent with our
findings and using data from 3044 middle-aged London
civil servants followed over 10 years, Akbaraly and cowork-
ers (41) recently found that higher IL-6 levels (>2.0ng/L)
were associated with half the odds ratio (OR: 0.53, CI:
0.38-0.74) of successful aging, defined as being free of
major chronic disease and with optimal physical, mental,
and cognitive functioning.

Our study has the important limitation that we did not
consider information on disease severity in evaluating mul-
timorbidity. However, we used strict thresholds for defining
diseases to minimize the chance of overdiagnoses and sever-
ity classification systems that homogeneously quantify the
impact of diseases on health are not currently available. This
is probably why our numeric estimates of multimorbidity
tend to be lower than those reported by other studies (42,43).

In conclusion, our study demonstrates that the associa-
tion of aging with a higher risk of multimorbidity is nonlin-
ear and even stronger than that was suggested earlier from
cross-sectional analyses. High IL-6 and increase in IL-6
over time are early susceptibility signs to impending and
evolving multimorbidity and may be used to target older
individuals for interventions aimed at reducing the burden
of multimorbidity.

SUPPLEMENTARY MATERIAL

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org
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