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Although bereavement is associated with increased morbidity and mortality in the surviving spouse,
some widow(er)s remain healthy. Genetic variability in expression of inflammatory markers in response
to stress may be the key to this observation. The present study compares bereaved vs. married/partnered
older adults, investigating the impact of bereavement status, pro-inflammatory cytokine single nucleo-
tide polymorphisms (SNPs) on circulating markers of inflammation and hypothesizing a gene by environ-
ment (GxE) effect. The study sample included 64 older adults, of which 36 were widow(er)s. Circulating
levels of inflammatory markers IL-6, IL-1RA and sTNFRII were measured. Participants were genotyped for
SNPs in the IL-6 gene (IL-6 �174 and �572), the IL-1b gene (IL-1b �511), and TNF-a gene (TNF-a �308).
Grief severity was assessed with the Inventory of Complicated Grief. Bereaved participants had higher cir-
culating levels of IL-1RA and IL-6. This increase could not be explained by pro-inflammatory genotype
frequency differences, or Complicated Grief diagnosis. However, a GxE effect with the IL-6 �174 SNP
moderated individual vulnerability to higher circulating levels of inflammation resulting from bereave-
ment exposure. These results suggest a possible mechanism for the increase in morbidity and mortality
in the surviving spouse. Genetic variability interacts with an environmental stressor, leading to increased
inflammatory markers in genetically susceptible subjects only. For these patients, clinical interventions
for bereavement-related stressor reduction might be crucial for overall health.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

The death of a spouse is one of the most distressing life events,
and is associated with an increase in morbidity and mortality risk,
independent of a host of covariates (Boyle et al., 2011). Stressful
life events are linked to dysregulation of the immune system and
increased cellular inflammatory signaling (Irwin and Cole, 2011).
Because it is our long-term goal to determine the mechanism link-
ing bereavement and morbidity/mortality, and because substantial
evidence shows that increases in inflammatory markers such as
interleukin (IL)-6 are associated with mortality risk (Ershler and
Keller, 2000), we investigated whether responses to spousal
bereavement are impacted by markers of inflammation.
ll rights reserved.
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Chronic stress as a result of caregiving (i.e., those taking care of
a severely ill family member) or social isolation is associated with
the up-regulated gene expression and production of systemic
markers of inflammation (Kiecolt-Glaser et al., 2003; McDade
et al., 2006), especially of IL-6, IL-1 and TNF-alpha (Dantzer,
2001). Further data indicate genetic variability in the expression
of inflammatory markers in response to stress (Cole et al., 2010,
2011). For example, the presence of the guanine/cytosine (G/C) sin-
gle nucleotide polymorphism (SNP) in the promoter of the IL-6
gene (IL-6) �174 bp upstream of the transcription start site affects
the binding of a b-adrenergic-sensitive transcription factor, GATA-
1 (Cole et al., 2010). Following an in vitro b-adrenergic stimulus,
the IL-6 �174G SNP leads to increased IL-6 production, while the
IL-6 �174C SNP does not. In vivo, an association between depres-
sion and increased mortality risk was found only in IL-6 �174GG
homozygous patients (Cole et al., 2010), but levels of inflammatory
markers were not characterized. Thus, it is not known whether
genetic variability in cytokine gene polymorphisms alters the
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influence of life stress on the production of inflammatory markers
in humans.

Given evidence that some widow(er)s show an increase in mor-
bidity and mortality, but others remain healthy and thus appear to
be protected from this ‘‘widowhood effect’’ (Buckley et al., 2011),
the present study hypothesizes that bereavement may be a
socio-environmental stress that interacts with pro-inflammatory
genetic variation to produce modulated levels of inflammation.
This gene by environment (GxE) interaction predicts that among
widow(er)s, those with genotypes that are associated with higher
expression of inflammatory markers would exhibit greater
systemic signs of inflammation, e.g. higher circulating levels of
inflammatory markers. Conversely, widow(er)s with low pro-
inflammatory genotypes are hypothesized to have similar circulat-
ing levels as non-bereaved individuals.

The work reported here compares bereaved and healthy mar-
ried/partnered older adults, first investigating the impact of
bereavement status on circulating levels of inflammatory markers
IL-6, IL-1RA as a marker of IL-1 activity (Arend et al., 1998) and sol-
uble tumor necrosis factor receptor II (sTNFRII) as a surrogate mar-
ker of TNF-a levels (Diez-Ruiz et al., 1995; Schuld et al., 1999).
Second, corresponding to our circulating measures, we investi-
gated the impact of pro-inflammatory cytokine SNPs in the IL-6,
IL-1b, and tumor necrosis factor alpha (TNF-a genes on the men-
tioned inflammatory markers and a possible interaction with
bereavement status. Given evidence of in vitro data for the GxE
pathway for the IL-6 �174 SNP, we primarily focused on the inter-
action between bereavement stress and this polymorphism.
Table 1
Primer and probe sequences used for genotyping of IL-6 �174 and IL-6 �572 SNP.

Primer name Sequence 50–30

IL-6 �174 forward GACGACCTAAGCTGCACTTTTC
IL-6 �174 reverse GGGCTGATTGGAAACCTTATTAAGATTG
IL-6 �572 forward GCCTTGAAGTAACTGCACGAAATT
IL-6 �572 reverse CCAGTCATCTGAGTTCTTCTGTGTT

Probe name Sequence 50–30

IL-6 �174C VIC CTTTAGCATGGCAAGAC
IL-6 �174G FAM CTTTAGCATCGCAAGAC
IL-6 �572G VIC TACAACAGCCCCTCACAG
IL-6 �572C FAM AACAGCCGCTCACAG

A = adenine, C = cytosine, G = guanine, T = thymine; VIC = VIC�; FAM = 6-
carboxyfluorescein.
2. Methods and materials

2.1. Participants

A total of 64 older adults (age 61–83) were recruited from the
Los Angeles community. Thirty-six were widowed; on average they
had experienced the death of their spouse or partner in the past
2 years (mean: 23.75 months; range 2–69 months). Widowhood
was defined as the death of a co-habiting life partner of the same
generation, although not necessarily legally married (the majority
were married). The other 28 participants were non-bereaved con-
trol subjects who were married/partnered and had not lost a first-
degree relative or spouse in the prior 36 months.

The sample of 64 participants was mainly of Caucasian descent
(77%). Other ethnicities included African-American (13%), Hispanic
(6%), Asian (2%), Pacific Islander (1%) and other (1%). For statistical
analyses we created a dichotomous variable (Caucasian vs. Non-
Caucasian).

To assess the level of stress resulting from life events among all
participants, we used the revised Social Readjustment Rating Scale
(SRRS-R) (Hobson and Delunas, 2001). The SRRS-R covers 51 life
events that may have occurred in the past 12 months. In addition,
perceived stress was assessed with the Perceived Stress Scale (PSS),
a 14-item measure of the degree to which respondents appraise
stressful situations that occurred during the past month (Cohen
et al., 1983). In our study internal consistency was a = .82.

Exclusion criteria included: (a) presence of current major psy-
chiatric disorder (e.g., Major Depressive Disorder, alcohol or sub-
stance dependence) as assessed with the DSM-IV SCID-I (Spitzer
et al., 1994); (b) use of psychotropic medications initiated since
the death event; (c) immunosuppressive medication (d) major
medical illnesses (e.g., cancer); (e) current smokers (due to poten-
tial confounding effects on markers of inflammation) (O’Connor
et al., 2009); (f) participants with IL-6 levels >2 standard deviations
above the mean, if there was self-reported illness in the past two
weeks.
Bereaved participants were given the Inventory of Complicated
Grief (ICG) (Prigerson et al., 1995). Consistent with prior studies we
used an ICG total score of 30 or higher for diagnosis of Complicated
Grief (Shear et al., 2005). Internal consistency was a = .90.

The Institutional Review Board of UCLA approved the study and
after complete description of the study all participants gave writ-
ten informed consent.

2.2. Levels of circulating markers of inflammation

EDTA plasma was collected and stored at �80 �C until all
samples were obtained. IL-6 was measured using Quantikine High
Sensitivity Immunoassay kits (R&D Systems, Minneapolis, MN)
according to the manufacturer’s instructions. IL-1RA and sTNFRII
were measured with Quantikine Immunoassay kits (R&D Systems).

All samples were assayed in duplicate, and an internal quality
control sample was included on every assay; the interassay and
intraassay coefficients of variation were less than 8% and 5%, respec-
tively. None of the circulating inflammatory markers were below the
limit of detection. Personnel who performed immunoassays were
blinded to the identity and diagnostic status of study participants.

2.3. DNA extraction and genotyping

Peripheral blood mononuclear cells (PBMCs) were isolated from
whole blood samples using Ficoll separation and stored at �80 �C
until processing. Genomic DNA was isolated with Wizard� Geno-
mic DNA Purification Kit (Promega, Madison, WI) followed by
determination of concentration and purity. SNPs in the genes of
interest were determined with TaqMan� SNP Genotyping Assays
(Applied Biosystems, Foster City, CA). Corresponding to our circu-
lating measures we investigated SNPs that have been identified
as influencing quantitative gene expression levels: IL-6 �174
(Fishman et al., 1998; Olomolaiye et al., 1998) and �572 (Terry
et al., 2000); IL-1b �511 (di Giovine et al., 1992); and TNF-a
�308 (Wilson et al., 1992).

For the IL-6 �174 G/C and IL-6 �572 G/C polymorphisms we
used Custom TaqMan� SNP Genotyping Assays; primer sequences
are shown in Table 1. Custom assays were run with control DNA of
known genotype, for confirmation of assay quality control. The
other two SNPs (IL-1b �511 A/G, TNF-a �308 G/A) were genotyped
using commercially available TaqMan� SNP Genotyping Assays.
These assays were used according to the manufacturer’s instruc-
tions. Genotyping for all samples was done in duplicate (concor-
dance >.99) with call rates of all SNPs being >.95. Investigators
who performed SNP analyses were blinded to the identity and
diagnostic status of the study participants.

2.4. Statistical Analysis

Statistical analyses were carried out using SPSS 19 (SPSS,
Chicago, IL, USA). Group comparisons were assessed by ANOVAs,
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or chi-square analyses, and t-tests were used for planned post hoc
comparisons. Linear and multivariate logistic regression analyses
analyzed relationships while controlling for demographic, medical,
or biobehavioral confounds. Biomarker data were log-transformed
for statistical analyses; untransformed data were used for tables
and graphical purposes. Significance was defined as p-values <.05.

In order to provide meaningful statistics we grouped pro-
inflammatory cytokine SNPs in accordance with their cytokine pro-
duction profile (high vs. low producer, see Table 2). The IL-6–174
SNP was grouped according to the finding that the C allele is not
sensitive to b-adrenergic activation of GATA1 and therefore
�174C allele carriers (G/C or C/C) have less IL-6 production in re-
sponse to sympathetic nervous system activation (Cole et al.,
2010). Grouping for the IL-6 �572 polymorphism was done accord-
ing to the finding that �572C allele carriers (G/C or C/C) show in-
creased IL-6 transcription (Brull et al., 2001; Ferrari, 2003; Gu
et al., 2010). The majority of studies have linked subjects who
are homozygous for the A allele at the IL-1b �511 SNP (also de-
scribed as homozygous T, referring to the complementing T allele)
with higher production of IL-1b compared to G allele carriers (G/A
or G/G) (Hall et al., 2004; Hwang et al., 2002; Pociot et al., 1992).
Subjects who are homozygous for the �308G allele at the TNF-a
�308 SNP have consistently been shown to have significantly low-
er cytokine production than �308A allele carriers (A/G or A/A)
(Kroeger et al., 2000; Mira et al., 1999; Wilson et al., 1997).

3. Results

Group comparisons on demographic characteristics using ANO-
VAs and Chi-square tests are shown in Table 3. There were no sig-
nificant group differences between bereaved and non-bereaved
study participants.

3.1. Group differences in levels of circulating markers of inflammation

Body mass index (BMI) and age have been shown to affect
inflammatory marker production and therefore were included with
bereavement status in regression analyses (O’Connor et al., 2009).
Controlling for BMI and age, bereavement was a significant
predictor of higher levels of IL-6 (2.8 ± 2.2 pg/ml vs. 1.9 ± 0.9 pg/
Table 2
Genotype frequencies.

Bereaved (N = 36)

N %

IL-6 �174GG (high) 19 53
IL-6 �174C carriers (low) 17 47
IL-6 �174GC 14 39
IL-6 �174CC 3 8
Allele frequency 0.72G, 0.28C

IL-6 �572C carriers (high) 7 19
IL-6 �572GC 7 19
IL-6 �572CC 0 0
IL-6 �572GG (low) 29 81
Allele frequency 0.90G, 0.10C

IL-1b �511AA (high) 10 28
IL-1b �511G carriers (low) 26 72
IL-1b �511AG 14 39
IL-1b �511GG 12 33
Allele frequency 0.47A, 0.53G

TNF-a �308A carriers (high) 10 28
TNF-a �308GA 8 22
TNF-a �308AA 2 6
TNF-a �308GG (low) 26 72
Allele frequency 0.83G, 0.17A

Genotype frequencies N (%), X2 value (chi square test). Genotype frequency statistic based
carriers for IL-1b �511; GG vs. A carriers for TNF-a �308.
ml, b = .26, p = .04), and IL1-RA (305 ± 167 pg/ml vs. 227 ± 94 pg/
ml, b = .33, p = .01), but not for sTNFRII (2903 ± 1066 pg/ml vs.
2750 ± 725 pg/ml, b = .08, p = .55). In order to rule out that differ-
ences between the groups could be attributed to more current
stressors other than bereavement, we correlated levels of pro-
inflammatory cytokines with PSS score, SRRS-r score and time
since bereavement. Linear correlations were all not significant.

3.2. Group differences in genotype frequencies

Genotype and allele frequencies are presented in Table 2. In spite
of the ethnic diversity, genotype frequencies met Hardy–Weinberg
equilibrium and were consistent with the literature (see HapMap al-
lele frequencies at SNP database of the National Center for Biotech-
nology Information, http://www.ncbi.nlm.nih.gov/snp/).

None of the grouped genotypes differed in gender, but signifi-
cant differences in ethnicity (Caucasian vs. non-Caucasian) were
observed for the IL-6 �572 SNP (Fisher’s exact test, one-sided
p < .01), and IL-1b �511 SNP (Fisher’s exact test, one-sided
p = .01). Therefore ethnicity was controlled for in all analyses
involving IL-6 �572 and IL-1b �511 SNPs.

As the reported differences in pro-inflammatory cytokine levels
between bereaved and non-bereaved participants might be
moderated by the difference of frequency of a high/low producing
cytokine-genotype we investigated proportional genotype distribu-
tion between the two groups. Analyses revealed a significant differ-
ence in distribution between the groups only for TNF-a �308
(Fisher’s exact test, one-sided p = .04). Twenty-eight percent
bereaved versus 7% non-bereaved participants were identified as
carriers of the high-producing A-allele. Although this might have
been due to sampling bias, as described above, circulating levels of
sTNFRII did not differ between groups, so the unbalanced distribu-
tion of genotype appeared not have a detectable effect on circulating
level.

3.3. Gene by Environment (GxE) effect

Given evidence of in vitro data for the GxE pathway for the IL-6
�174 SNP, we primarily focused on this polymorphism. To deter-
mine whether genotype moderated IL-6 as a function of group,
Non-bereaved (N = 28) X2 P-value

N %

13 46 0.25 0.61
15 54
11 40
4 14
0.66G, 0.34C

5 18 0.03 0.87
4 14
1 4
23 82
0.89G,0.11

4 14 1.68 0.2
24 86
11 40
13 46
0.32A, 0.68G

2 7 4.4 0.04
2 7
0 0
26 93
0.96G, 0.04A

on comparison (shown in bold) of GG vs. C carriers for IL-6 �174 and �572, AA vs. G

http://www.ncbi.nlm.nih.gov/snp/


Table 3
Demographic characteristics.

Bereaved (N = 36) Non-bereaved (N = 28) F-value/X2 P-value

Mean/N SD/% Mean SD/%

Age 72.9 5.8 72.4 4.2 0.17 0.69
Gender (female) 23 64% 15 54% 0.7 0.4
Ethnicity (non-Caucasian) 10 28% 5 18% 0.86 0.35
Employment (retired) 23 64% 15 54% 0.7 0.4
Education (post graduate) 14 39% 13 46% 0.37 0.55
Years married/partnered 35.8 17.6 41.2 11.2 2 0.16
Body mass index 26.6 5.2 27.4 5.6 0.31 0.58
Alcohol (drinks per week) 2.1 4.3 1.7 2.9 0.18 0.67

Continuous variables: mean (±SD), F-value (ANOVA); categorical variables: N (%), X2 value (chi square test).
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simple regressions were computed separately for bereaved/non-
bereaved (Fig. 1 and Table 4). Despite the death of a spouse, be-
reaved IL-6 �174C allele carriers had virtually the same mean level
of IL-6 as non-bereaved �174C carriers (controlling for BMI b = .06,
p = .75). In contrast, bereaved IL-6 �174G homozygotes had over
twofold higher mean levels of IL-6 compared to non-bereaved
�174G homozygotes (controlling for BMI b = .37, p = .03). Using
regression analyses to investigate the relationship between be-
reaved/non-bereaved groups and IL-6 �174 genotype revealed an
interaction term that approached significance for predicting IL-6
levels (b = �0.38, p = 0.09), over and above the main effects of
bereavement group and genotype.

Analyses were performed to investigate whether a similar GxE
effect exists for the other polymorphisms (Table 4). First, bereaved
IL-6 �572G allele (low IL-6 producing) homozygotes had similar
mean levels of IL-6 as non-bereaved �572G homozygotes (control-
ling for BMI b = .18, p = .20). In contrast, bereaved IL-6 �572C allele
carriers trended toward higher levels of IL-6 compared to non-be-
reaved �572C allele carriers (controlling for BMI b = .56, p = .09).
Controlling for ethnicity in each of the preceding analyses that
had sufficient power (n > 20, see Table 4) did not change the re-
sults. Second, bereaved IL-1b �511G allele (low IL-1 producing)
carriers had different mean levels of IL-1RA as non-bereaved
�511G carriers (controlling for BMI b = .27, p = .05). Also, bereaved
IL-1b �511A homozygotes had significantly higher mean levels of
IL-1RA compared to non-bereaved �511A homozygotes (control-
ling for BMI b = .63, p = .01). Again, controlling for ethnicity in each
of the preceding analyses that had sufficient power did not change
the results. Third, no GxE effect could be seen for TNF-a �308 SNP.
Bereaved TNF-a �308G allele (low TNF producing) homozygotes
had similar mean levels of sTNFRII as non-bereaved �308G homo-
zygotes (controlling for BMI b = .06, p = .70). Similarly, bereaved
Fig. 1. Gene (IL-6 �174) by environment (bereavement) effect on circulating IL-6.
aSignificant difference in circulating IL-6 between bereaved and non-bereaved
subjects with IL-6 �174GG genotype. F (1,30) = 5.09, p = .03.
TNF-a �308A allele carriers had equal levels of sTNFRII compared
to non-bereaved �308A allele carriers (controlling for BMI
b = .28, p = .38).

3.4. Effects of grief severity (Complicated Grief)

The intensity of grief symptoms may influence the extent of the
stress response and thus could also have an impact on cytokine
production. We assessed all bereaved participants to determine
whether they met criteria for Complicated Grief, a syndrome char-
acterized by persistent separation distress with feelings of over-
whelming yearning and preoccupation with the deceased
(Prigerson et al., 2009; Shear et al., 2011). Regressing grief severity
(ICG score) on levels of inflammatory markers did not reach signif-
icance for any of the markers, controlling for age and BMI (IL-6: F
(3, 31) = 1.76, p = .18; IL-1RA: F (3, 31) = .49, p = .69; sTNFRII: F
(3, 31) = 1.91, p = .15). Thirteen of the 36 bereaved subjects met
diagnostic criteria for Complicated Grief. Not surprisingly, regress-
ing the dichotomous subgroups Complicated Grief and Non-com-
plicated Grief on the cytokine markers, and controlling for age
and BMI, revealed that group did not predict any of the markers.
Genotype frequencies between Complicated Grief and Non-com-
plicated Grief subgroups were not significantly different, which
may be due to lack of power due to small sample sizes rather than
to biological differences.

In addition, BDI-II data was available on a subset of the sample:
23 bereaved subjects (9 Complicated Grief) and 15 non-bereaved
subjects. Since we excluded for MDD the overall BDI scores were
very low. We could not find a GxE effect for the IL-6 �174 SNP
and depressive symptoms. This was also true for the other SNPs.

4. Discussion

To our knowledge, this is the first study to show a GxE effect for
stress, genotype and circulating markers of inflammation in a hu-
man sample. First, IL-6 and IL-1RA pro-inflammatory cytokine lev-
els are higher in bereaved individuals than in married/partnered
controls. Secondly, the present data suggest that the IL-6 �174
SNP moderates individual vulnerability to higher circulating levels
of inflammation resulting from bereavement exposure (a GxE
effect).

Consistent with a recent report in other patient populations
(Cole et al., 2010), sympathetic nervous system activation caused
by bereavement-related distress may lead to GATA1-mediated up-
regulation of IL-6 production, but only in homozygous subjects with
two GATA1-sensitive�174G alleles. In contrast, carrying the�174C
allele (which renders the IL-6 promoter unresponsive to GATA1) ap-
pears to be protective. As hypothesized, bereaved �174C carriers
had lower circulating IL-6 levels, which may provide protection
from bereavement-related risk for morbidity and mortality. The
present data support our GxE hypothesis and may help to explain



Table 4
Gene (SNP) by environment (bereavement) effect on inflammatory marker levels.

N IL-6 pg/ml SD b P-value

IL-6 �174C carrier Bereaved 17 2.2 1
Non-bereaved 15 2.1 1.1 0.06 0.75

IL-6 �174GG Bereaved 19 3.4 2.7
Non-bereaved 13 1.6 0.5 0.37 0.03

IL-6 �572GG Bereaved 29 2.7 1.9
Non-bereaved 23 2 0.9 0.18 0.2

IL-6 �572C carrier Bereaved 7 3.6 3
Non-bereaved 5 1.3 0.3 0.56 0.09

N IL-1RA pg/ml SD b P-value

IL-1b �511G carrier Bereaved 26 311.1 189
Non-bereaved 24 239.6 94.8 0.27 0.05

IL-1b �511AA Bereaved 10 289.7 91.5
Non-bereaved 4 149.7 29.8 0.63 0.01

N sTNFRII pg/ml SD b P-value

TNF-a �308GG Bereaved 26 2665 738
Non-bereaved 26 2764 750 �0.06 0.7

TNF-a �308A carrier Bereaved 10 3522 481
Non-bereaved 2 2561 178 0.28 0.38

b and P-values from linear regressions, controlling for BMI; biomarker data were log-transformed for statistical analyses.
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the relationship between the ‘‘widowhood effect’’ and inflamma-
tory disease (Boyle et al., 2011). The widowhood effect has been
shown for ischemic disease, respiratory disease and cerebrovascular
disease, including stroke (Martikainen and Valkonen, 1996). Be-
cause the mechanism between stress and inflammation is well
worked out, sympathetic nervous system-induced inflammatory
mechanisms specifically should also be investigated as a possible
contributor to disease risk subsequent to bereavement.

The trend toward a GxE effect seen for the IL-6 �572 SNP has
also not previously been described in the literature. The mecha-
nism(s) that may make two copies of the IL-6 �572G allele protec-
tive for bereaved participants from higher levels of IL-6, remains to
be elucidated. The latter effect could also be driven by the IL-6
�174 SNP since both polymorphisms are located in proximity to
each other and affect the same cytokine. Missing to detect a GxE
effect for TNF-a �308 SNP could have also been due to lack of
power as there were only 2 non-bereaved and 10 bereaved TNF-a
�308A carriers.

In comparison to the GxE effect, genotypes alone did not ac-
count for the observed significant differences in circulating levels
of IL-6 between bereaved and non-bereaved participants, as there
were no significant differences in frequencies of the high/low pro-
ducing genotype of the corresponding polymorphism. However,
the statistical power of the analyses needs to be considered be-
cause of the small group size in some subgroups (see Table 2).

The observation that cytokine levels do not differ between the
two bereaved subgroups with and without Complicated Grief
might be of importance, if (as our data suggest) this disorder does
not share the pro-inflammatory cytokine pathway seen in other
psychopathologies like Major Depressive Disorder (Miller et al.,
2009). Clinical evidence shows that Complicated Grief is distinct
from Major Depressive Disorder (Prigerson et al., 1995). Although
provocative, we cannot conclude from a negative result that Com-
plicated Grief is not associated with the investigated cytokine lev-
els or cytokine polymorphisms.
4.1. Limitations

Limitations of the present study, particularly with regard to the
genotyping data, include a small sample size. However, assuming
the statistical models are stable, these significant results in a small
sample size would likely be due to a strong effect size. While for
the IL-6 �174 the GxE effect has been shown on a molecular level
(Cole et al., 2010), our results for the other investigated SNPs re-
main preliminary and need replication in a larger sample. Further-
more, the range of time of bereavement was sizable, ranging from
2 to 69 months. However, effects of grief have been shown to have
physiological effect for as long as nine years (Santić et al., 2006).
The lack of correlations between levels of pro-inflammatory cyto-
kines and PSS score, SRRS-r score or time since bereavement shows
that the observed increase in levels of cytokines cannot be attrib-
uted to more current stressors. Therefore we assume the death of
a spouse as the predominant stressful life event leading to SNS
activation. One strength of the study sample was its inclusion of
participants with different ethnicity, given that there were neither
differences between the bereaved subgroup and the married/part-
nered controls (Caucasian vs. non-Caucasian) nor did ethnic diver-
sity affect the genotype frequencies (Hardy–Weinberg equilibrium
was met for all genotypes). Future research should focus on repli-
cating these findings in a larger sample, using a longitudinal study
design to investigate changes over the course of bereavement and
elucidate underlying causality. We suggest further investigation of
polymorphisms in pro- and anti-inflammatory genes including
specially designed primers to allow precise haplotype analyses.
Additional RNA transcription analyses would help to interpret
the genotyping data by determining up- and down-regulated genes
in response to the death of spouse.
5. Summary

To summarize, the present study found elevated levels of the
inflammatory markers IL-1RA and IL-6 in the bereaved group. This
increase in systemic inflammation as a response of the immune
system to the death of spouse could not be explained by either
pro-inflammatory genotype frequency differences, severity of grief
or Complicated Grief. However, a GxE effect with a SNP at the IL-6
�174 gene moderates individual vulnerability to higher circulating
levels of inflammation resulting from bereavement exposure.
These results pose implications for clinical interventions by dem-
onstrating the importance of bereavement-related stressor reduc-
tion, particularly in genetically susceptible patients.
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