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Commonly Studied Polymorphisms in Inflammatory
Cytokine Genes Show Only Minor Effects on Mortality
and Related Risk Factors in Nonagenarians
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Systemic low-grade inflammation is consistently associated with functional status, cognitive functioning, multimorbidity,
and survival in oldest olds. If inflammation is either a cause or a consequence of age-related pathology, genetic determi-
nants of late-life survival can reside in cytokine genes polymorphisms, regulating inflammatory responses. The aim of
this study was to test associations between commonly studied polymorphisms in interleukin (IL)6, IL10, IL15, and IL18,
and tumor necrosis factor-o genes and late-life survival in a longitudinal cohort of nonagenarians: the Danish 1905
cohort. Additionally, associations were investigated between inflammatory markers and major predictors of mortality as
cognitive and functional status. Modest sex-specific associations were found with survival, cognitive functioning, and
handgrip strength. Evaluation of combined genotypes indicated that, in nonagenarian men, the balance of pro- and
anti-inflammatory activity at IL18 and IL10 loci is protective against cognitive decline. In conclusion, in this large
study with virtually complete follow-up, commonly studied polymorphisms in cytokine genes do not have a major
impact on late-life survival or associated risk phenotypes.
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LD age survival has improved substantially since 1950

in developed countries. As a result, the number of octo-
genarians has increased 4-fold, the number of nonagenarians
8-fold, and the number of centenarians 20-fold (1). Longitu-
dinal studies of nonagenarians have demonstrated that poor
physical and cognitive performances predict mortality,
whereas conventional risk factors in younger elderly people
such as socio-demographic factors, smoking, and obesity
have lost their importance (2). It has also become clear during
the past decade that aging is accompanied by a chronic low-
grade inflammatory state defined as twofold to fourfold in-
creases in circulating levels of inflammatory mediators (3).
Systemic low-grade inflammation is a strong independent
predictor of all-cause and cardiovascular mortality (4,5) even
in centenarians (6) as well as a risk factor/biomarker of age-
related diseases, such as atherosclerosis (7), sarcopenia (8),
diabetes (9), and neurodegenerative diseases (10).

From an evolutionary point of view, a high level of
inflammatory responses helps the organism to avoid infec-
tions but the price may be an increased susceptibility to late-
onsetchronicdiseases (11,12). Based onthese considerations,

the inflammatory hypothesis of aging proposes that struc-
tural damage accumulates from repeated episodes of acute
inflammation until a threshold is crossed and function is af-
fected (13). In addition, a link has been suggested between
inflammatory events occurring in early periods of life and
mortality at old age as data demonstrate that during the past
century, the reduced burden of infections and inflamma-
tion in young ages may also have led to the decline in
late-life mortality rate in Western countries (14). It has
also been hypothesized that the age-related increased
inflammatory activity depends on an imbalance between
pro- and anti-inflammatory networks in old populations
defined as “inflamm-aging” (15).

The initial triggers for cytokine production have not yet
been identified in the old, and it is not known to which ex-
tent systemic low-grade inflammation induces, exaggerates,
or reflects ongoing pathological processes (16). The balance
between pro- and anti-inflammatory response can, however,
be crucial in determining the onset and severity of age-
related diseases, the rate of aging, and ultimately individual
capability to attain longevity.

225



226 DATO ET AL.

The production and release of inflammatory modulators
are in part genetically influenced, and numerous genes cod-
ing for pro- or anti-inflammatory molecules are known. If
systemic inflammation is a cause as well as a consequence
of age-related pathology, it is possible that genetic polymor-
phisms, which determine the production rate of cytokines,
will also be important risk factors in age-related diseases.
In accordance with this, several studies have demonstrated
associations between single nucleotide polymorphisms
(SNPs) in cytokine genes and cardiovascular disease, type 2
diabetes, functional status, and cognitive functioning in
younger elderly people, whereas others have not been
able to confirm these reports (17-22). Additionally, several
groups have reported associations between polymor-
phisms in cytokine genes and longevity (23-25). However,
in this research area, inconsistent results and lack of repro-
ducibility were often experienced and reported, claiming
for the need of replication studies in larger cohorts (26).
Moreover, only a few studies addressed inflammatory genes
in longitudinal studies of the oldest old (27,28). Thus, in-
flammatory genes may have lost any clinical importance
in the oldest old, or alternatively, genetic variations con-
tribute more in nonagenarians/centenarians people, who of-
ten experience multimorbidity.

The aim of this study was to test the hypothesis that
commonly studied polymorphisms in selected pro- and anti-
inflammatory cytokine genes (tumor necrosis factor
[TNF]-a and interleukin [IL]-6, IL-15, IL-18, and IL-10)
predict late-life mortality in 1,651 participants from the
Danish 1905 Cohort Study, initially visited in 1998 and
followed for 10 years. Additionally, we also investigated if
cytokine polymorphisms were associated with cognitive
and physical functioning, representing the most important
risk phenotypes in this population.

Polymorphisms analyzed in this study were mainly
chosen for their functional relevance, like the occurrence in
known or putative regulatory regions of the cytokine genes
(29,30). Moreover, previous reports associated them with a
wide range of age-related clinical disorders (31-34), and
concentrations of the corresponding proteins are consistent
risk factors of morbidity, disability, and functional status
in cross-sectional and longitudinal cohort studies of old
populations (35-38). A detailed description of the cytokine
genes chosen and relative polymorphisms is reported in the
Methods section.

METHODS

Samples

Participants in the study were drawn from the Danish 1905
cohort, which is a genetic—epidemiological nationwide sur-
vey carried out by the University of Southern Denmark (39).
Participants of the survey are a nonselected group of the
Danish 1905 cohort (2), representing all Danes born in 1905
and living in Denmark. In total, 2,262 out of 3,600 potential

participants (recruitment rate 62.8%) initially agreed to par-
ticipate in the survey, which included a home-based, 2-hour
multidimensional interview with cognitive and physical tests
as well as the collection of biologic material. One thousand
six hundred and fifty-one participants (28% men) provided a
DNA sample, which was collected by means of a finger prick
or a cheek swab. Participants were visited in 1998, when they
were 92-93 years old, and followed from the date of sam-
pling until emigration or death up to the end of the study
period (January 2008), at which time 1,474 (89.3%) of the
1,651 participants were dead.

Information on death or emigration for all the cohort
members was retrieved from the Danish Central Population
Register, which keeps a record of all those living in Denmark
since 1968 and is continuously updated (40).

Measurements

All the measurements were assessed as described in
previous reports (2,39,41).

Cognitive functions were assessed by Mini-Mental State
Examination (MMSE) test and composite cognitive score.
MMSE is a 30-item questionnaire that assesses orientation,
episodic memory, attention, language, and construction
functions and is widely used for the screening of the cogni-
tive decline (42). Cognitive impairment is graded by a score
that ranges between 0 and 30, and it is characterized as “se-
vere impairment” if the score is below 17, “mild impair-
ment” for scores between 18 and 23, and “no impairment”
for scores above 24.

A composite cognitive score was computed by aggregat-
ing performance of five brief tests comprising fluency task
(number of animals the person could name in 1 minute),
forward and backward digit span, and immediate and
delayed recall of a 12-item list.

Standardization of the cognitive score (indicated as
ZCOG) was performed for facilitating the interpretation of
the results, as suggested by McGue and Christensen (43).

Disability was tested by Katz Index of Activities of Daily
Living (ADL). Five-item ADL indexes (bathing, dressing,
toileting, transfer, and feeding) were used to obtain a three-
level ADL scale; participants were defined as “not disabled”
if independent in all items, “moderately disabled” if depen-
dent in one or two items, “severely disabled” if dependent in
three or more items, in accordance with the definition given
in the article by Katz and colleagues (44).

Handgrip strength test was used as an estimate of physical
functioning; handgrip (HG) represents one of the strongest
predictors of disability in the elderly people and is highly
correlated with mortality among old people (45). The
measurement of grip strength was performed by a hand-
held dynamometer (SMEDLEY’S dynamometer TTM, To-
kyo, Japan) for three performances with the strongest hand.
The maximum value reported for each individual was consid-
ered for the analysis.
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Cytokine Polymorphisms

The TNF-o gene is located on human chromosome
6p21.3, tandemly arranged with the TNF-3 gene, and lies in
the class III region of the major histocompatibility complex.
Three markers were analyzed in this study: two SNPs in the
promoter region, -308 (A/G) (rs1800629) and -238 (A/G)
(rs361525), and a microsatellite, TNFa, located upstream of
the whole TNF region, ~3.5 kb from TNF-$ and ~10 kb
from TNF-a transcription starting sites (46,47). The genetic
variability at these positions is able to influence the levels of
TNF-a production. In particular, the alleles A at -308 (A/G)
locus and a2 at the TNFa microsatellite determine an in-
crease in the gene expression (48,49). Although the effect of
the TNF-238 (A/G) marker is less clear, a functional role
has been suggested by the presence of a putative enhancer
site close to this position (50).

The IL6 gene is located in humans on the short arm of
chromosome 7 (7p21). The IL6-174 (G/C) (rs1800795)
variation in the promoter region seems to be associated
to variations in gene expression (51). With regard to the
effect on plasma levels of IL6, reports have been very
conflicting and two meta-analyses have reported no as-
sociation between IL6-174 (G/C) and IL-6 levels but the
C allele was associated with higher C-reactive protein
levels (52,53).

The ILI0 gene is located on chromosome 1 (1q31-32).
Three major functional polymorphisms have been described
in the proximal region of this gene, although the most im-
portant genetic factor in the regulation of constitutive IL10
messenger RNA (mRNA) levels is the promoter IL10-
1082 (G/A) (rs1800896) SNP (32). The SNP shows allele-
specific and dose effects on gene transcription, with the
allele A associated with a lower protein production and a
weak anti-inflammatory response (54).

The IL15 gene is located on chromosome 4 (4q31). Sev-
eral SNPs are known for this gene, lying in both intronic
and regulatory regions. Some of them, such as rs3806798 in
the promoter region, rs1519551 and rs2322262 in the first
intron, and rs2254514 in a regulatory region within the third
exon of the gene, were identified and analyzed in population
and family studies of inflammatory and allergic disorders
(55,56) but never investigated in relation to aging.

The ILI8 gene is located on chromosome 11 (11g22.2—
g22.3) and is characterized by multiple transcription initia-
tion sites. Promoter variants of the gene can influence
circulating levels of the correspondent cytokine. The IL18-
137(G/C) (rs187238), in particular, is a functional polymor-
phism located in a transcription factor-binding site in the
promoter region, whose G allele leads to the increase of
IL18 mRNA levels (57).

Genotyping
DNA was isolated from cheek swabs or blood spot cards
using the QIAamp DNA Mini Kit (Qiagen, Germany).

Genotyping of all SNPs was performed by allelic dis-
crimination using the Tagman technology. The IL15 SNPs
rs3806798, rs1519511, rs2322262, and rs2254514 were
genotyped by predesigned Tagman SNP genotyping assays
(Applied Biosystems, Foster City, CA) using the conditions
described by the manufacturer.

Primers and probes for the TNF-238 (A/G) and TNF-308
(A/G) SNPs were as described by Zambon and co-workers
(58). For the remaining SNPs, primers and probes were
designed using the Primer Express software (Applied
Biosystems).

DNA was amplified in a total volume of 10 uL containing
5 pL Tagman Universal Master Mix (Applied Biosystems),
900 nM of each primer (DNA Technology, Denmark), 50—
250 nM of each Vic- or FAM-labeled MGB probe (Applied
Biosystems), and ~10 ng template DNA.

Polymerase chain reaction (PCR) was performed in the
ABI Prism 7700 (Applied Biosystems) and analyzed using the
Sequence Detection System software (Applied Biosystems).

The TNFa microsatellite was genotyped by using the
primers described in Udalova and colleagues (46). DNA
amplification was performed in a total volume of 6 pL
containing 1x PCR buffer, 200 uM of each dNTP (Roche,
Switzerland), 167 nM of each primer (DNA Technology,
Denmark), 0.18 U Taqg DNA polymerase (Sigma, St. Louis,
MO), and ~10 ng template DNA. The PCR conditions were
the following: denaturation at 94°C for 5 minutes, followed
by 30 cycles of denaturation at 94°C for 30 seconds, anneal-
ing at 56°C for 1 minute 15 seconds, and extension at 72°C
for 15 seconds. PCR was terminated by extension at 72°C
for 6 minutes and cooled to 4°C. For detection, the sense
primer was labeled with FAM. PCR products were resolved
on the MegaBACE 1000 (GE Healthcare Biosciences,
Pittsburgh, PA) according to the manufacturer’s instructions
and analyzed by using the Fragment Profiler software
(Amersham Biosciences, GE Healthcare Biosciences,
Pittsburgh, PA). Alleles were named consecutively from 0
to 15, with the risk allele 2 corresponding to allele a2 in
Culpan and colleagues (59).

All the primers used in this study are available on request
to the authors.

Data Analysis

Allele frequencies of single markers were computed by
gene counting from the observed genotypes, and Fisher’s
exact test was applied to verify Hardy—Weinberg equilib-
rium (60). Linkage disequilibrium (LD) between pairs of
markers was tested by a likelihood ratio test, as suggested
by Weir (61). As for genotype data with unknown haplotype
phase, an empirical distribution of haplotype frequencies
obtained by a permutation procedure was used (62).

Kaplan—Meier analysis was performed to plot cumulative
survival curves, and a log rank test was performed to test
for difference in survival between the genotypes. Cox’s
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Table 1. General Characteristics and Post-Survey Mortality in the
Danish 1905 Cohort

Table 2. Genotypic Distribution of Cytokine Polymorphisms at
Baseline in the Danish 1905 Cohort

Men (n =466) Women (n=1,185) Total (n=1,651)

Survival

Deaths™ [ (%)] 431 (92.5) 1,043 (88.0) 1,474 (89.3)

Person-years 1,439 4,642 6,081

Mortality rate 30.0 22.5 24.2

per 100

Age (years)

Mean (SD) 93.1(0.3) 93.1 (0.3) 93.1(0.3)

Range 92.3-93.8 92.2-93.8 92.2-93.8
Mini-Mental State Examination

Mean (SD) 22.4(5.8) 21.5(5.7) 21.8(5.7)

Range 2-30 0-30 0-30

Missing [n (%)] 22 (4.7) 46 (3.9) 68 (4.1)
7COG

Mean (SD) 0.09 (1.0) 0.05 (1.0) 0.06 (1.0)

Range -2.1t034 -23t03.3 -23t03.4

Missing [n (%)] 24 (5.2) 49 (4.1) 73 (4.4)
Grip strength

Mean (SD) 22.9(6.5) 13.5(4.5) 16.2 (6.7)

Range 3-46 1-29 1-29

Missing [n (%)] 38 (8.2) 109 (9.2) 147 (8.9)
Activities of daily living [n (%)]

Not disabled 265 (56.9) 579 (48.9) 844 (51.1)

Moderately 142 (30.5) 467 (39.4) 609 (36.9)

disabled
Disabled 58 (12.4) 138 (11.6) 196 (11.9)
Missing 0(0) 0(0) 0(0)

Note: *Survival data are calculated from a 10-year follow-up period.

proportional hazards models were applied to assess the
effect of differences, and the proportional hazard assump-
tion was tested using the Schoenfeld residual test.

The effect of genotypes on disability was tested by a Fisher’s
exact test. The effect of genotypes on cognitive functioning
and handgrip strength was tested by analysis of variance
(ANOVA), and Bartlett’s test (63) was used to verify the
assumption of an equal distribution of variance between dif-
ferent groups. If the assumption of an equal distribution of
variance was violated, an unequal version was conducted.

In case of aggregation into two classes, we controlled that
no differences existed between subgroups before aggregat-
ing the genotypes. To control for gender-specific effects in
the association between genetic polymorphism and age-
related traits and mortality, all analyses were carried out
separately in men and women.

Population genetic analyses were performed by Arlequin
3.1 software (64). Statistical analyses were carried out by
using Stata 9.2 (STATA Corp., College Station, TX).

RESULTS

Genetic Analyses

The basic characteristics of the study population are
illustrated in Table 1.

Table 2 shows the genotypic distribution of cytokine gene
polymorphisms at baseline in the Danish 1905 cohort. The
distribution is in accordance with the predicted values

Hardy-Weinberg

Women Men Equilibrium, p Value
TNF-308
AA 31 11 .86
AG 339 117
GG 799 327
Total 1,169 455
TNF-238
AA 2 0 1.00
AG 88 40
GG 1,085 421
Total 1,175 461
TNFa"
0 619 236 .90
1 458 184
2 93 34
Total 1,170 454
1IL18-137
CC 609 36 12
GC 419 179
GG 561 240
Total 1,165 455
1L6-174
CC 267 99 34
GC 575 217
GG 330 142
Total 1,172 458
1L10-1082
AA 253 93 1.00
AG 586 228
GG 331 137
Total 1,170 458
IL15 rs1519551
AA 382 145 .30
AG 577 215
GG 210 98
Total 1,169 458
IL15 rs2254514
CC 634 230 .36
CT 452 195
TT 87 33
Total 1,173 458
IL15 rs2322262
AA 650 242 73
AG 441 183
GG 84 35
Total 1,175 460
IL15 rs3806798
TT 948 368 46
AT 215 86
AA 16 7
Total 1,179 461

Notes: IL = interleukin; TNF = tumor necrosis factor.

*TNFa locus: Group 2 identifies the homozygotes for risk allele 2, Group 1
the heterozygotes for risk allele 2, and Group 0 noncarriers of allele 2. p Values
are referred to Hardy—Weinberg Equilibrium test in the whole population.

assuming Hardy—Weinberg equilibrium. Regarding IL15
SNPs, we performed LD analysis between pairs of SNPs.
LD was found between 1s2254514 and rs2322262 (p = .002)
as well as between rs3806798 and the other markers
(rs1519551: p = .040; rs2254514: p = .009; rs2322262:
p = .006) in our population.
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————— HZ aliele 2, MR=0.29(184)
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Figure 1. Kaplan-Meier survival estimates in men from the Danish 1905
cohort (N = 454) stratified by the occurrence of the risk allele 2 at TNFa locus.
NC, noncarriers of the risk allele; HZ, heterozygote for the risk allele; HM,
homozygote for the risk allele. Log rank test shows significant difference in the
survival pattern between the three groups. Mortality rates and total numbers of
individuals in each stratum are reported in legend. IL = interleukin; TNF =
tumor necrosis factor.

Cytokine Gene Polymorphisms and Mortality

Association with mortality was found in men for the
microsatellite TNFa at the TNF-a locus (Figure 1). Log
rank test carried out on homozygote carriers (HM), heterozy-
gote carriers (HZ), and noncarriers of the risk allele 2 (NC)
showed significant differences between the three groups
(p = .008). The aggregation of HZ and NC, which demon-
strated more similar survival patterns, showed that homozy-
gote male carriers of the risk allele 2 have a higher risk of
death (hazard ratio [HR]: 1.6, 95% confidence interval [CI]:
1.10-2.28, p = .004) compared with heterozygote individu-
als or noncarriers of this allele.

In men, a borderline association was found also between
survival and the rs2254514 and rs2322262 markers of the
IL15 gene (p = .04 and p = .05 to the log rank test on three
genotypic groups; Figure 2a and b, respectively); as ex-
pected, results were very similar for these two SNPs due to
the high level of LD between them. The aggregation in two
genotypic groups, based on the similarity of survival pat-
terns, showed that carriers of the variant allele (T for
rs2254514 and G for rs2322262) have a lower risk of death
compared with the homozygotes for the wild-type allele
(HR: 0.8, 95% CI: 0.66-0.97, p = .020 in both cases). The
proportional hazard assumption was not violated in the
applied models (p > .05 in all cases).

No association was found between rs2254514 and
rs2322262 and mortality in women and between mortality
and TNF-308, TNF-238, 1L6-174, IL18-137, 1L10-1082,
and IL15 (rs1519551 and rs3806798) polymorphisms,
neither in men nor in women from the Danish 1905 cohort.

Cytokine Gene Polymorphisms and Disability

None of the cytokine gene polymorphisms analyzed in
this study was associated with disability at baseline in the
Danish 1905 cohort (data not shown).

Cytokine Gene Polymorphisms and Handgrip Strength
Data for grip strength measurements were available in 1,504
of 1,651 participants, giving a total of 8.9% missing values.
The effect of genotypes on handgrip strength was tested
by ANOVA test. An association was found between IL15
rs3806798 and handgrip strength in men (Table 3), with T
carriers (TT + AT) having a significantly lower grip strength
compared with the AA carriers (p = .014). For the same IL.15
gene, the aggregation of rs1519551 genotypes in two groups

a rs2254514 b rs2322262
1001 CC, MR=0.35 (230) 1004 ——— AA, MR=0.35 (242)
———- CT, MR=0.28 (195) ———- AB,MR=0.28 (183)
- TT, MR=0.33 @3) <eeeeenes GG, MR=0.33 (35)
0.75 4 0.75
0.50 1 0.50
0.25 4 025 -
.
] L, A
- T
Log rank test; R Log rank test: N Yy
p=0.04 p=005 Lo
0-m- T T T T T T u-m_ T T T T T T
0 2 4 & 8 10 0 2 4 & 8 10

Analysis time, years

Analysis time, years

Figure 2. Kaplan—Meier survival estimates in men from the Danish 1905 cohort stratified by the genotypes at IL15 1s2254514 locus (a; N = 458) and rs2322262
locus (b; N = 460). Log rank test shows borderline differences in the survival pattern between the three groups. Mortality rates (MR) and total numbers of individuals

in each stratum are reported in legend.
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Table 3. Distribution of Handgrip Strength Values in the Danish
1905 Cohort at Baseline Divided According to Cytokine Genotypes

Women Men
Grip Strength N p Value  Grip Strength N p Value

TNF-308

AA 14.7 (4.2) 25 34 24.1(5.1) 11 33

AG 13.6 (4.5) 303 22.2(6.2) 109

GG 13.4 (4.5) 736 23.1(6.6) 298
TNF-238

AA 16.0 (0) 2 .36 — 0 .61

AG 14.1 (4.3) 82 23.4(6.2) 38

GG 13.4 (4.5) 984 22.8 (6.5) 385
TNFa*

0 13.3 (4.5) 561 17 23.0 (6.6) 212 43

1 13.8 (4.4) 419 22.9(6.3) 173

2 13.0 (4.6) 84 21.4(6.5) 31
IL18-137

CcC 13.7 (4.6) 561 .59 24.1(7.2) 36 .50

GC 13.7 (4.6) 419 22.7 (6.6) 160

GG 13.4 (4.4) 80 22.9(6.3) 222
IL6-174

CcC 13.6 (4.4) 241 95 22.2(6.1) 93 40

GC 13.5(4.4) 521 22.9(6.7) 199

GG 13.5(4.7) 303 23.4(6.3) 128
IL10-1082

AA 13.5(4.7) 232 .30 23.5(6.3) 85 45

AG 13.7 (4.3) 532 22.5(6.7) 211

GG 1324.6) 301
IL15 rs1519551
AA 13945 325 13
AG 13345 444
GG 13.3 (4.0) 173
IL15 152254514
cc 13.54.6) 506 86

23.1 (6.2) 124
23.4 (6.9) 120 26
22.2(6.3) 185
23.2 (6.6) 79

22.6 (7.0) 191 66

CT 134 43) 368 23.1(5.9) 165
TT 133 3.7) 73 22.1(7.0) 28
IL15 152322262
AA 13.54.6) 519 80 227(7.0) 203 77
AG 13.44.2) 358 23.0 (5.8) 155
GG 133 (3.7) 71 22.1 (7.0) 28

IL15 rs3806798
TT 13.4 (44) 762 57
AT 13.5 (4.4) 177
AA 14.8 (3.9) 12

225(6.6) 313 .01
237 (5.7) 66
28.8 (8.5) 7

Notes: IL = interleukin; TNF = tumor necrosis factor.

*TNFa locus: Group 2 identifies homozygotes for risk allele 2, Group 1
heterozygotes for risk allele 2, and Group 0 noncarriers of allele 2. Means and
standard deviations are shown. p Values refer to analysis of variance test among
the three groups. Underlined values are considered significant.

showed that, among women, G carriers (AG + GG) had a
borderline lower grip strength compared with AA carriers (p =
.045). When missing values were taken into consideration
(women who did not perform the test), we found a signifi-
cant correlation between carrying the allele G at rs1519551
and missing measurement (p = .007), probably determining
the borderline significance of the ANOVA test.

Cytokine Gene Polymorphisms and Cognitive Functioning

Data for MMSE and ZCOG assessments were available
in 1,583 and 1,578 participants, giving a total of 4.1% and
4.4% missing values, respectively.

Also in this case, the effect of genotypes on cognitive
functioning was tested by ANOVA test.

Sex-specific associations were found for cytokine gene
polymorphisms in relation to cognitive functioning at base-
line. In particular, IL10 and IL15 SNPs were associated with
cognitive functioning in women, whereas borderline associ-
ations for TNF-o, and IL18 were found in men (Table 4).

Thus, IL10-1082GG female carriers had a significantly
lower cognitive functioning compared with noncarriers (AA +
AG; MMSE: p = .005, ZCOG: p = .003). Additionally,
female C carriers (CC + CT) of the IL15 rs2254514 marker
have a significantly lower cognitive functioning compared
with TT carriers (MMSE: p = .027, ZCOG: p = .018). As a
result of the LD, rs2322262 showed a very similar pattern,
with A carriers (AA + AG) having a lower ZCOG compared
with GG carriers (p = .032) and a similarly, although not sig-
nificant, negative association with MMSE scores (p = .087).

In women, a borderline association was also found for
TNF-238 A carriers (AA + AG) and cognitive functioning
(ZCOG: p =.052). The low frequency of the rare A allele in
the Danish population probably affected the result.

In men, IL18-137 G carriers (GG + GC) had a signifi-
cantly lower cognitive performance compared with CC car-
riers (MMSE: p =.009, ZCOG: p =.017). In men, HC of the
risk allele 2 at the microsatellite TNFa had also a lower cog-
nitive functioning compared with non-homozygote carriers
(MMSE: p =.001, ZCOG: p = .050).

Cumulative effect of risk combinations.—With the aim
of testing whether the simultaneous presence of single
markers associated with cognitive functioning increased
the associations found, we tested the cumulative effect of
protective/risk combinations at these loci on cognitive
scores by ANOVA test.

A total of 266 women carried the genotypic combination
suggested to be risky for cognitive functioning TNF-238GG/
IL10-1082GG/IL15rs2254514(CC + CT)/IL15rs2322262
(AA + AG) and had an MMSE and ZCOG mean values of
20.7 and —-0.1, respectively. In comparison, women carrying
all the other possible combinations of alleles at these loci
had an MMSE and ZCOG mean value of 21.8 and 0.1, re-
spectively. The difference in cognitive functioning was
highly significant between the two groups (MMSE: p =
.005, ZCOG: p = .002).

In men, 34 carriers of the protective combination TNFal/
IL18-137CC had a significant higher performance in cogni-
tive functioning compared with noncarriers (MMSE: p =
.008, ZCOG: 0.009). Men with the protective combination
had an MMSE and ZCOG mean value of 24.3 and 0.5, re-
spectively, while the noncarriers reported an MMSE and
ZCOG mean value of 22.2 and 0.05, respectively.

Consistent with these results, men carrying the risk com-
bination TNFa2/IL18-137(GG + GC) have a significantly
increased risk of death (HR: 1.8, 95% CI: 1.2-2.6, p =.001)
compared with those carrying protective/neutral genotypes.
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Table 4. Distribution of MMSE Values and Composite Cognitive Score in the Danish 1905 Cohort at Baseline Divided According to Cytokine
Genotypes
Women Men
MMSE N p Value 7ZCOG N p Value MMSE N p Value 7ZCOG N p Value
TNF-308
AA  21.7(63) 28 86 0.09 (0.9) 28 95 24.0 (4.9) 11 25 0.08 (0.5) 11 95
AG 21.4 (5.7) 324 0.04 (0.9) 324 23.0 (5.6) 112 0.12 (1.0) 111
GG 21.6(5.6) 772 0.05 (0.9) 769 222 (5.8) 311 0.09 (1.0) 310
TNF-238
AA 24.5 (3.5) 2 .55 0.72 (0.7) 2 12 — 0 44 — 0 11
AG 22.0 (5.5) 86 0.24 (1.0) 86 21.7 (6.0) 39 -0.15 (1.0) 39
GG 21.5(5.7) 1,042 0.03 (0.9) 1,039 22.5(5.8) 400 0.12 (1.0) 398
TNFa"
0 213 (5.8) 593 25 0.03 (1.0) 590 A4 22.0(5.8) 221 12 0.08 (0.9) 221 13
1 21.9(5.5) 445 0.09 (0.9) 445 23.0(5.7) 179 0.15 (1.0) 177
2 21.3(5.6) 88 —-0.03 (0.9) 88 21.2 (6.6) 32 —-0.24 (0.8) 32
1L18-137
CcC 21.4(6.1) 87 94 0.14 (0.9) 87 .55 24.2 (4.0) 36 .10 0.48 (0.9) 36 .05
GC 21.6 (5.5) 448 0.07 (0.9) 447 22.0 (6.0) 167 0.03 (1.0) 166
GG  21.5(5.8) 586 0.03 (1.0) 584 22.4(5.9) 231 0.09 (1.0) 230
IL6-174
cc 21.2(5.9) 254 25 -0.03 (0.9) 254 32 22.1 (6.0) 95 48 0.04 (0.9) 95 58
GC 21.8(5.7) 550 0.07 (0.9) 548 22.2(5.8) 204 0.06 (0.9) 203
GG 21.3(5.5) 323 0.09 (1.0) 322 22.9(5.7) 137 0.15 (1.0) 136
1L10-1082
AA 22.1(5.3) 244 .01 0.10 (0.9) 244 .01 22.2(5.7) 91 .96 -0.06 (1.0) 90 22
AG 21.7 (5.6) 564 0.10 (0.9) 561 22.4(6.0) 218 0.12 (1.0) 217
GG 20.8(6.0) 319 ~0.08 (1.0) 319 22.4(5.5) 127 0.16 (0.9) 127
IL15rs1519551
AA 21.8 (5.6) 373 .35 0.05 (0.9) 371 .69 22.8 (5.6) 136 .16 0.15 (0.9) 136 .67
AG 213 (5.8) 550 0.06 (0.9) 549 21.8 (6.2) 207 0.05 (1.0) 206
GG 21.7 (5.5) 202 —-0.001 (0.9) 202 22.8(5.2) 93 0.06 (0.8) 92
IL15rs2254514
cC 21.5(5.8) 610 .06 0.06 (1.0) 609 02 22.0 (6.3) 217 26 0.09 (1.0) 216 73
CT 21.2(5.6) 435 —-0.02 (0.9) 434 22.8(5.1) 188 0.10 (0.9) 187
TT 22.8 (5.7) 84 0.29 (0.9) 83 21.6 (5.5) 31 —-0.05 (0.8) 31
1L 15152322262
AA 21.6 (5.7) 624 15 0.07 (0.9) 622 .03 22.1(6.3) 229 A7 0.08 (1.0) 228 .64
AG 213 (5.7) 425 -0.02 (0.9) 425 22.8(5.3) 176 0.13 (1.0) 175
GG 22.6 (5.7) 81 0.26 (0.8) 80 22.0(5.4) 33 -0.05 (0.9) 33
IL15rs3806798
TT 21.6 (5.6) 909 83 0.05 (0.9) 907 75 22.2 (6.0) 354 28 0.07 (1.0) 352 78
AT 21.4(6.2) 209 0.05 (0.9) 208 22.5(5.5) 78 0.15 (1.0) 78
AA 21.0(5.2) 16 —-0.13 (0.7) 16 25.7(2.4) 7 0.18 (0.4) 7

Notes: IL = interleukin; TNF = tumor necrosis factor.

*TNFa locus: Group 2 identifies homozygotes for risk allele 2, Group 1 heterozygotes for risk allele 2, and Group 0 noncarriers of allele 2. Means and standard
deviations are shown. p Values refer to analysis of variance test among the three groups. Underlined values are considered significant.

Interaction Between Pro- and Anti-Inflammatory
Genotypes in Cognitive Functioning and Grip Strength
With the aim of testing if a balance between pro- and
anti-inflammatory cytokine can be associated with a better
preservation of cognitive and functional status in the el-
derly people from the 1905 cohort, we tested the additive
contribution of inherited variants at TNFa and IL18-137
(G/C) pro-inflammatory loci, together with the -1082
(A/G) marker at IL10 anti-inflammatory gene, to cognitive
and grip strength scores. The other markers considered in
this article were excluded for different reasons. In particu-
lar, TNF-308 (A/G) and TNF-238 (A/G) SNPs were ex-
cluded because of the low frequency of the allele A in
both markers, which influenced the sample sizes in risk

combinations. As for IL16-174 (G/C), considering both
the ambivalent role of IL6 as pro- and anti-inflammatory
cytokine and the controversial associations between the
allelic variants at this SNP with gene expression and pro-
tein levels previously discussed, we excluded the marker
from the risk combinations. Finally, because data about
the influence of IL15 markers on protein expression were
not available, this cytokine was excluded too.

Risk genotypes were considered those supposed to be as-
sociated with high inflammatory status and specifically IL18-
137(GG + GC), IL10-1082AA, and TNFa2. Comparing the
performances of people carrying the pairwise combination of
one marker at pro-inflammatory TNF-o or IL18 locus with
that at the anti-inflammatory IL10 locus by ANOVA test, in
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men, we found a significant correlation between the low-
producing inflammatory genotype IL18-137CC/IL10-
1082(AG + GG) and better cognitive functioning, both
measured by MMSE and composite cognitive tests (MMSE:
p=.024,ZCOG: p = .03). In particular, 32 men carriers of the
protective combination reported an MMSE and ZCOG mean
values of 24 and 0.46, respectively, while the 399 noncarriers
had an MMSE and ZCOG mean values of 22.2 and 0.06,
respectively. When we considered the whole three-loci risk
combination, both for cognitive functioning and for handgrip,
we did not find association in our population.

No association with inflammatory genetic profiles at
these polymorphisms was found in women, both for
handgrip and for cognitive functioning.

DiscussIoN

Previous studies in the Danish 1905 cohort have revealed
that mortality risk factors important in younger elderly
people (ie, smoking and obesity) are not important in the
90+ subjects, whereas factors such as disability level and
cognitive and physical performance are highly relevant (2).
Inflammatory markers have been suggested to play a caus-
ative role in the susceptibility to age-related diseases and
mortality even at very old age (6).

Accordingly, we tested the hypothesis that commonly
studied polymorphisms in cytokine genes predict late-life
mortality in the Danish 1905 cohort. However, we found
that the chosen variants had only a minor impact on survival
and risk phenotypes, including cognitive and functional
impairment that are associated with survival in the 1905 co-
hort. In addition, effects often showed a sex difference. The
existence of sex-specific predisposition to age-related
diseases and longevity, as well as differences in mortality
trajectories in the two sexes, is documented in literature
(65,66). However, the minor associations found in this study
may indicate that these polymorphisms do not have a major
clinical impact in late life, and associations between
systemic low-grade inflammation, morbidity, and mortality
are, to a larger extent, related to external factors, ongoing
pathological processes, or other candidate variations/genes.
In accordance with this evidence is the poor correlation of-
ten found between cytokine polymorphisms and circulating
levels of the corresponding protein in the blood (67).

Regarding late-life survival, we found only weak associa-
tions for a few polymorphisms and effects were restricted to
men only.

Thus, the risk allele 2 at TNFa microsatellite was associ-
ated with a higher risk of death in homozygote men. This
allele has previously been associated with high TNF-a se-
cretion (48) and higher risk of inflammatory diseases (68).
In our study, the risk allele 2 at TNFa locus was also associ-
ated with a lower performance in cognitive tests (MMSE
and composite cognitive score), further supporting the
hypothesis that TNFa is a risk factor in the old. Moreover,

the observation of a better cognitive functioning in people
carrying one copy of the risk allele suggests a moderate
dose effect of the TNFa polymorphism on cognitive func-
tioning and fits with the hypothesis that heterozygosity for a
high-producing allele at TNF-a locus can exert a protective
effect on age-related degeneration due to an optimal bal-
ance of the inflammatory response (16,33). We found no
association between the TNF-308 (A/G) polymorphism and
survival or associated risk phenotypes in the 1905 cohort,
confirming the population specificity previously observed
for this polymorphism in relation to survival (25,69,70).
Moreover, we found only a borderline significant effect of
the TNF-238 (A/G) polymorphism on cognitive perfor-
mances in women. In contrast to our findings in the 1905
cohort, the TNF-308 polymorphism has been previously re-
lated to cognitive functioning in smaller studies of elderly
populations (21), dementia in centenarians (33), and pa-
tients with Alzheimer’s disease (48,71,72), although others
have reported no association (67,73). It is possible that dis-
crepancies among studies are due to minor effects of the
gene or differences in the severity of cognitive decline in the
populations studied (manifest dementia vs age-related cog-
nitive decline). Furthermore, the low frequency of the rare
allele A at TNF-308 (A/G) and TNF-238 (A/G) markers in
the Danish population probably affected the results. On the
whole, our findings indicate a modest impact of the TNF-o
gene on late-life mortality and associated risk phenotypes in
our cohort.

The IL15 gene showed the highest number of associa-
tions in our study including survival in men, cognitive
performance in women, and handgrip strength in both
sexes. Thus, two polymorphisms in linkage disequilibrium
(rs2254514 and 1rs2322262) showed associations with
survival in men and cognitive functioning at baseline in
women. A borderline sex-specific association was found
also between handgrip strength and the IL15 marker
rs1519551 in women and rs3806798 in men.

Thus, IL15 seems to have some effect on old age survival
and related risk phenotypes. However, the four SNPs ana-
lyzed in this study were chosen as candidates for the asso-
ciation with allergic disorders (55,56) but never investigated
in relation to aging. Considering the involvement of IL15 in
the remodeling of T-cell compartment in the elderly people
(74), an influence of the IL15 gene in survival and age-re-
lated phenotypes can be hypothesized. Despite this, we can-
not rule out that these polymorphisms are not the causal
variants and that the associations found are due to other
functional variations within the same gene, in linkage dis-
equilibrium with them. In any case, because this is the first
article reporting an association between IL15 gene variabil-
ity and survival and related traits, results here reported need
confirmation in replication studies. The modest association
between cognitive decline and IL18-137 G allele in men in
this study is in accordance with reports of increased tran-
scription of the pro-inflammatory cytokine and associations
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between this allele and the risk of cognitive decline in octo-
genarians and late-onset Alzheimer’s disease (67,75). On
the contrary, the association between IL10-1082 GG geno-
type with a decreased cognitive functioning in women
contrasted our hypothesis of a protective role of this marker
in neurodegeneration (76). Despite the association with
cognitive functioning, neither IL18 nor IL10 polymor-
phisms were associated with mortality in this study.

The IL6 polymorphism had no effect on cognitive and
physical functioning parameters. Consistent with this, a
large meta-analysis recently performed does not support a
major role for this marker in achieving longevity across
European populations (26).

Moreover, there were no associations between all the
chosen cytokine SNPs and ADL in our study.

The sex-specific effects observed in this study may, on
the one hand, be random and reflect minor clinical effects of
the chosen markers at advanced age. On the other hand, sex-
specific associations have been reported for genes involved
in human longevity (77-79), and it has been suggested that
Genotype x Sex interactions contribute to differences in
the prevalence, course, and severity of diseases, probably
through the regulatory network controlled by hormones that
interacts with functional gene variation in a sex-specific
way (65).

On the whole, taking into account the differences in the
physiological setup between the two sexes, sex-specific
Gene x Environment interactions can exist. Furthermore,
the result of association with survival found in men adds a
further piece of evidence to the idea that the genetic compo-
nent that modulates the probability of reaching extreme old
age is gender specific and likely more important in men
than in women (66). Studies that replicate these findings
would be required to confirm or refute the gender-specific
associations here presented.

Taking into account the complexity of the inflammatory
cascade, where cytokines act in networks rather than on a
single protein basis, we hypothesized the existence of an
interaction between different cytokines also at gene level.
Accordingly, we investigated the effect of high- and low-
grade inflammatory combinations of cytokine genotypes
on cognitive and physical functioning. We found an asso-
ciation between a low-grade inflammatory combination
(IL18-137 CC/IL10-1082 AG + GG) with a preserved cog-
nitive function in men from the Danish 1905 cohort. Under
the hypothesis that this genotype is associated with low lev-
els of the pro-inflammatory cytokine IL18 and high level of
the anti-inflammatory IL10, this result indicates that a low
inflammatory status obtained by a balance between pro-
and anti-inflammatory cytokines may protect against cog-
nitive decline and be advantageous, at least in nonagenarian
men. The hypothesis of an association between high in-
flammatory status and reduced cognitive functioning is
supported also by the finding that in the Danish 1905 co-
hort, men carriers of the high inflammatory combination

IL18-137 GG + GC/TNFa2 show lower cognitive scores.
Although the role of inflammation on cognitive functioning
in the elderly people is still debated (80-82), our results
suggests that the economical combination of pro- and anti-
inflammatory response protects against decreased cogni-
tive function, at least in nonagenarian men.

It could be argued that Bonferroni adjustment should be
performed to correct for multiple testing when considering
the aggregation of genotypes. However, we believe that this
correction is suitable when searching for associations with-
out a priori hypotheses but not when assessing specific
questions, as in our case (83).

In conclusion, commonly studied polymorphisms in
cytokine genes had only minor effects on late-life survival
and related risk phenotypes including cognitive decline and
disability. Moreover, effects were often restricted to one sex
only. Accordingly, other factors may explain the strong
associations between systemic low-grade inflammation,
mortality, and morbidity in very old populations. This may
reflect that the chosen cytokine markers have lost their clin-
ical importance at very advanced age or the multifunction-
ality of inflammatory cytokines.
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