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Background Depression has been associated with chronic changes in the serum

Methods

Results

concentration of C-reactive protein (CRP) in observational studies,
but it is unclear if this association is causal or is due to confound-
ing and bias. Genetic studies are less subject to this type of error
and offer an opportunity to investigate if CRP is causally linked
to depression, particularly because known polymorphisms of the
CRP gene have been associated with high- and low-basal serum
concentrations of CRP [single nucleotide polymorphisms (SNPs)
rs1130864 and rs1205, respectively]. The aim of this study is to
determine if polymorphisms of SNPs rs1130864 and rs1205 are
associated with prevalent depression.

We completed a cross-sectional study of a community sample of 3700
men aged =70 years, and used the 15-item Geriatric Depression Scale
(GDS-15) to assess depressive symptoms. A GDS-15 score 7 or more
indicates the presence of clinically significant depressive symptoms.
Physical morbidity was assessed with the physical component sum-
mary score (PCS) of the SF-36 Health Survey. We collected fasting
blood samples to measure high sensitivity CRP and to extract DNA for
the genotyping of SNPs rs1130864 and rs1205 of the CRP gene.

One hundred and eighty-two men were depressed (4.9%). The odds
of depression increased by 2% (95% CI=1-4%) for every unit
(mg/l) increase of CRP and nearly doubled for men
with CRP >3 mg/l vs <l mg/l [odds ratio (OR)=1.95, 95% confi-
dence interval (CI)=1.27-2.98]. However, the association between
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Conclusion

Keywords

high CRP (>3 mg/l) and depression was no longer significant after
the analyses were adjusted for smoking, age, body mass index
(BMI) and PCS. Men with the CT and TT genotypes of rs1130864
had 136 (95% CI=1.13-1.63) and 231 (95% CI=1.65-3.24)
greater odds of CRP >3 mg/l than CC carriers, but there was no
association between this polymorphism and the presence of preva-
lent depression. The G> A polymorphism of SNP rs1205 was asso-
ciated with 24% (95% CI=16-32%) lower concentration of CRP
compared with other genotypes. Men with the rs1205 AA genotype
had 1.66 (95% CI=1.07-2.57) and 1.67 (95% CI=1.08-2.58)
greater odds of having clinically significant depression than parti-
cipants with the GA and GG genotypes, respectively.

Our study shows that clinically significant depressive symptoms in
later life are unlikely to be caused by an increase in the serum
concentration of CRP. Instead, we found that the risk of depression
was greater amongst people who carry the rs1205 G>A genetic
polymorphism of the CRP gene, which was associated with ~20%
lower serum concentration of CRP compared with other genotypes.
This suggests that CRP may be a compensatory response to external
insults that predispose to depression, and that an increase in the
concentration of CRP might be adaptive.

Depression, depressive disorder, affective disorder, mood disorder,
inflammation, allostasis, C-reactive protein, genetic polymorphism,

aged, elderly

Introduction

C-reactive protein (CRP) is a ubiquitous protein
amongst vertebrate and invertebrate animals that
phylogenetically spans 400 million years of evolution.'
It reacts strongly with the C polysaccharide of pneu-
mococcus (hence the name) and was initially found
in the plasma of humans with acute bacterial infec-
tions.” This acute phase reactant is produced in large
quantities by the liver," and its concentration rises
as much as 2000-fold during the first 24-48 h after
the onset of tissue injury or inflammation.’ The pre-
cise physiological functions of CRP remain uncertain,
although currently available evidence suggests it plays
a key role in the recognition of foreign pathogens
and of damaged cells of the host, and contributes
to triggering the humoral and cellular responses that
ultimately lead to their clearance.”* CRP has a cal-
cium-dependent binding specificity for phosphocho-
line (PCh), which is present in the outer layer of
most biological membranes, and for several nuclear
constituents such as histones and ribonucleoprotein
particles.*” Bound CRP is recognized by Clq and initi-
ates cleavage and activation of C3 and C4 through
the classical complement pathway.*®” In addition,
CRP has high affinity for phagocytic receptors® and
seems to promote phagocytosis.

There is evidence from observational studies that
high plasma concentration of CRP increases the risk

of cardiovascular events in humans.”'? Results from a
nested case—control study of 28 263 post-menopausal
women showed that those with CRP concentrations
in the highest quartile were four times more likely
to experience a cardiovascular event (death from
coronary heart disease, non-fatal myocardial infarc-
tion, stroke or coronary revascularization) than
women with CRP in the lowest quartile.9 Likewise,
Danesh and colleagues'® found that participants in
the Reykjavik study who had a fatal or non-fatal
myocardial infarction were 45% more likely than
controls to have had CRP in the highest tertile
(>2.0mg/l) 4-18 vyears earlier. A meta-analysis of
22 prospective studies published after 2003 confirmed
that adults with CRP plasma concentrations in the
highest tertile have increased odds of coronary heart
disease compared with those in the lowest tertile,”
but the results of other investigations have raised
doubts as to whether CRP is causally related to car-
diovascular events.'' Higher basal CRP concentrations
have also been associated with numerous other health
outcomes,'*"> including depressed mood."®

Kop et al.'” examined 4260 adults aged >65 years
enroled in the Cardiovascular Health Study, of whom
510 showed clinically significant symptoms of depres-
sion. Older adults with depression had higher plasma
CRP concentrations than non-depressed participants,
although differences between the groups became
non-significant once the analyses were adjusted for



age, gender, ecthnic background, height, weight,
smoking status, systolic blood pressure and diabetes
(P=0.056). We have recently confirmed that
older men with depression are 56% [95% confidence
interval (CI): 20-111%] more likely than non-
depressed men to have high CRP concentrations
(>3mg/l) but, like Kop et al.,'” we found that the
association between high CRP and depression weak-
ened once measures of physical morbidity were taken
into account.'® We suggested that the association
between high CRP and depression was probably due
to the poor physical health of participants, but were
unable to dismiss the possibility that CRP mediates
the link between poor physical health and low
mood via mechanisms such as cerebrovascular disease
and apoptosis.*?

Recently, genetic epidemiologists have proposed that
Mendelian randomization can be used to infer causal-
ity between an exposure (such as raised CRP) and a
clinical outcome (such as depression).”® The rationale
in this case is that the concentration of CRP in the
plasma is influenced by certain polymorphisms of the
CRP gene.?'** For example, the rs1130864 C>T var-
iant increases basal and stimulated CRP levels,*!
whereas the 1s1205G>A variant has the opposite
effect.?> Consequently, these polymorphisms produce
a natural (Mendelian) randomization, with indivi-
duals allocated to higher or lower plasma CRP accord-
ing to a random assortment of heritable units during
gamete production and fertilization.?®> This approach
presupposes that these genetic polymorphisms have
no other biologically relevant effect than to modulate
the serum concentration CRP. It also assumes that
serum CRP lies on the causal pathway to depression.

The aim of the present study was to determine if high
CRP concentration is causally related to depression in
later life. We hypothesized that older men with depres-
sion would have higher plasma CRP and would be
more likely to carry the rs1130864 C>T homozygote
variant of the CRP gene. We also hypothesized that
men with the rs1205 AA genotype would have lower
plasma CRP concentration and lower probability of
clinically significant symptoms of depression.

Methods

Recruitment of participants

Our analyses are based on a community-derived sample
of older men living in Perth, Western Australia, who
collectively constitute the Health In Men Study
(HIMS) cohort. Details regarding enrolment and assess-
ment procedures have been described elsewhere.”®
Briefly, 12 203 men aged >65 years were recruited via
random sampling from the Australian electoral roll
between 1996 and 1998, enrolment to vote being com-
pulsory for all adult Australian citizens. During the
years 2001-04 those men who were still alive were con-
tacted and invited to complete a follow-up assessment
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and donate a fasting blood sample (7=9718). This
report refers to 3700 subjects who consented to
follow-up and agreed to donate a blood sample for bio-
chemical and genetic analysis. The Human Research
Ethics Committee of the University of Western
Australia approved the study protocol.

Procedures and clinical assessment

Consenting men were asked to complete a self-report
questionnaire that included items assessing demo-
graphic and clinical information. Participants
were asked which language they first learned as a
child, and those who reported a language other
than English were considered to have come from a
non-English speaking background (NESB). Age was
calculated as the difference in years between the date
of the follow-up assessment and the subject’s date of
birth. Education was rated as the highest level of edu-
cation attained: no schooling, primary school, some
high school, completed high school, completed univer-
sity or other tertiary degree. Participants were asked
how often they smoked now, and men who answered
‘every day’ or ‘not every day’ were considered current
smokers (the third possible answer was ‘not at all’).
A trained research assistant used standard procedures
to measure each participant’s height (to 0.5cm) and
weight (to 0.2kg). The body mass index (BMI) was
calculated as weight (kg)/height® (m?).

Participants were asked to complete the 15-item
Geriatric Depression Scale (GDS-15) and, a priori,
those with a total score of seven or more were con-
sidered to display clinically significant depressive
symptoms at the time of assessment (primary out-
come of interest). This relatively high cut-point was
chosen to ensure high specificity for the diagnosis of
depression in this sample.?”

In addition, participating men completed the SF-36
Health Survey.?® For the purposes of this study, the
analyses were limited to the physical component sum-
mary measure (PCS). The mean PCS for the
Australian population is 50, with a standard deviation
of 10.>” We used the PCS score as a proxy measure of
physical health.

Biochemical and genetic analyses

Blood samples were collected between 08:00 and
10:30a.m. following overnight fasting. Plasma was
prepared immediately following phlebotomy, stored
on ice and assayed within 3h. Biochemical assays
and genetic analyses were performed in the
Department of Biochemistry, PathWest, Royal Perth
Hospital, Western Australia. We measured the serum
concentration of CRP with a high-sensitivity particle-
enhanced immunonephelometry system on a BNII
analyser (Dade Behring, Minnesota, Minneapolis,
USA). The interassay coefficient of variation (CV)
for this test ranges from 4 to 7%, and a serum con-
centration of >3mg/l is associated with tissue
damage or inflammation.*°
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We extracted DNA from the buffy coat fraction of
centrifuged blood. The primary CRP genotyping tech-
nique was Tagman fluorescent single nucleotide pep-
tide (SNP) allelic discrimination by means of an ABI
7900HT (Applied Biosystems, Foster City, CA, USA)
with the primers and probes designed by Applied
Biosystems. Two SNPs were assayed: 1444C>T
(rs1130864) and 1846 G> A (rs1205). The distribution
of these SNPs within the CRP gene region has been
described by others.?>!

Analysis of the data

Data were managed and analysed with the statistical
package Stata release 10.0 (StataCorp, College Station,
TX, USA). Participants were grouped according to
whether they showed evidence of clinically significant
depressive symptoms and the odds ratios (ORs) (plus
95% CIs) were calculated for measured exposures:
age, NESB, education, BMI, smoking and physical
health comorbidity. We used t-tests to estimate the
difference between groups for age and serum concen-
tration of log-transformed CRP (transformation
required due to skewness of the data; Shapiro—Wilk
test z=18.59, P <0.001). We also divided men into
three groups according to CRP concentration: low
(<1mg/l), intermediate (1-2.9mg/l) and high
(=3 mg/l) and calculated the odds of depression for
the intermediate and high concentration groups. The
correlation between CRP concentration and PCS
scores was measured with Spearman’s rtho. We then
investigated if the distribution of alleles at CRP SNPs
rs1130864 and rs1205 were in equilibrium according
to the Hardy—Weinberg test (exact method) and
calculated the OR of the associations between the
heterozygote and homozygote minor allele carriers
with the geometric concentration of CRP (i.e. natural
logarithmic transformed concentration of serum
CRP), CRP group, depression status and other mea-
sured sociodemographic, clinical and biochemical
factors.

Sample size calculation

Based on a preliminary analysis of available data for
genotyping, we established that the study would have
182 and 3518 men with and without depression,
respectively. The results of our previous study had
shown that a CRP concentration of >3 mg/l was asso-
ciated with a 2-fold increase in the odds of depres-
sion’® and published data have demonstrated that
carriers of the rs1130864C>T polymorphism have
more than double the serum concentration of CRP.?
We estimated that with a sample size of 3700 men,
the study would have 80% power to declare as signif-
icant a difference in the prevalence of depression
between carriers of the major (3.5%) and minor
alleles (8.5%), with two-sided alpha set at 5%.

Results

One hundred and eighty-two (4.9%) of 3700 partici-
pants had clinically significant symptoms of depres-
sion at assessment. The age of participants ranged
from 70.8 to 88.6 years, and the mean age [+ stan-
dard deviation (SD)] of men with and without
depression was 77.6 +3.8 and 77.0 3.6 years, respec-
tively (t=-2.24, P=0.025). Table 1 summarizes
the frequency distribution of demographic, lifestyle,
clinical and biochemical characteristics of men with
and without depression. The odds of depression were
increased among men with BMI > 30, or with a
history of current of smoking, and poor self-perceived
physical health as measured by the PCS score
(Table 1). Men with depression had higher serum
concentrations of CRP than non-depressed men
(geometric mean+SD=2.74+3.2 vs 2.0+2.8mg/l,
1=3.89, P<0.001). The odds of depression increased
2% (95% CI=1-4%) for every unit (mg/l) increase of
CRP, and men with CRP > 3 mg/l were nearly twice as
likely to be depressed as men with CRP < 1mg/l
(OR=1.95, 95% CI=1.27-2.98). The confidence
limits of the odds of depression associated with high
CRP included one after the model was adjusted
for smoking, age, BMI and PCS groups (OR=1.30,
95% CI=0.83-2.03). The serum concentration
of CRP had a weak inverse correlation with PCS
scores (Spearman’s rho=-0.13, P<0.001), and
men with PCS <30 were twice as likely to have
serum concentration of CRP >3mg/l (OR=2.00,
95% CI=1.60-2.51) as men with PCS > 50.

Table 2 shows that the genotypic distribution of CRP
SNPs 1rs1130864 and rs1205 in our sample did not
deviate significantly from Hardy-Weinberg equilib-
rium and was similar to Euro-centric populations
(dbSNP  database, http://www.ncbi.nlm.nih.gov/
projects/SNP/). As expected, the mean serum concen-
tration of CRP was higher in the presence of the
rs1130864 C>T polymorphism: 1.8mg/l amongst
men with the CC genotype to 2.1 and 2.5mg/l for
those with the CT and TT genotypes, respectively
(Cuzick’s test for trend: z=5.09, P<0.001). Men
with the CT and TT genotypes had 1.36 (95%
CI=1.13-1.63) and 2.31 (1.65-3.24) greater odds of
having high concentration of CRP (>3 mg/l compared
with <lmg/l) at the time of assessment than CC
carriers. As Table 3 shows, the rs1130864 C > T poly-
morphism was not associated with any other socio-
demographic background or measures of health
(including depression).

The G > A polymorphism of the CRP SNP rs1205 was
associated with lower mean concentrations of serum
CRP, from 2.3 mg/l for men with the GG genotype to
1.8 and 1.6mg/l for GA and AA carriers, respectively
(Cuzik’s test for trend: z=-8.20, P < 0.001) (Table 4).
Similarly, men with the AA genotype were less likely
to have CRP concentration >3 mg/l than those with
GA (OR=0.77, 95% CI=0.60-0.99) or GG carriers
(OR=0.52, 95% CI=0.41-0.67). They also had a
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Table 1 Sociodemographic, lifestyle, health and biochemical characteristics of older men with and without depression

No depression n=3518

Depression n =182

Crude OR (95% CI)

Age (years), n (%)

70-74 1308 (37.2) 6 (30.8) 1 (Reference)
75-79 1522 (43.3) 5 (41.2) 6 (0.81-1.64)
80-84 556 (15.8) 3 (23.6) 1.81 (1.20-2.72)
85+ 132 (3.7) 8 (4.4) 1.42 (0.66-3.03)
NESB® 450 (12.9) 31 (17.1) 1.40 (0.94-2.09)
Education: completed high school® 1709 (48.6) 74 (40.7) 0.72 (0.53-0.98)
BMI¢
<25 1192 (33.9) 48 (27.6) 1 (Reference)
25-29.9 1785 (50.8) 4 (48.3) 1.17 (0.81-1.68)
30+ 534 (15.2) 42 (24.1) 1.95 (1.27-2.99)
Smoker (current) 172 (4.9) 19 (10.4) 2.27 (1.38-3.74)
pcs?
504 861 (24.7) 12 (6.7) 1 (Reference)
3049 2128 (60.9) 94 (52.5) 3.17 (1.73-5.81)
<30 503 (14.4) 73 (40.8) 10.41 (5.60-19.36)
CRP concentration (mg/l)
<1 871 (24.8) 31 (17.0) 1 (Reference)
1-2.9 1536 (43.7) 74 (40.7) 1.35 (0.88-2.08)°
>3 1111 (31.6) 7 (42.3) 1.95 (1.27-2.98)"
AInformation missing for 21 participants.
Information missing for 4 participants.
‘Information missing for 15 participants.
YInformation missing for 29 participants.
‘OR=1.09 (95% CI=0.70-1.70), after adjustment for smoking, age, PCS and BMI.
fOR=1.30 (95% CI=0.83-2.03), after adjustment for smoking, age, PCS and BMI.
Table 2 Allelic frequency for two common CRP SNPs
Major Heterozygote Minor Minor allele HWET
homozygote (%) (%) homozygote (%) frequency (SE) P
CRP1444-151130864 C>T 1808 (48.9) 1548 (41.8) 344 (9.3) 0.30 (0.005) 0.640
CRP1846-151205 G>A 1630 (44.0) 1667 (45.0) 403 (10.9) 0.33 (0.005) 0.460

HWET = Hardy—Weinberg Equilibrium Test, p-value.

serum concentration of CRP 24% lower than men
with the other genotypes grouped together (OR of
the natural logarithmically transformed data,
OR=0.76, 95% CI=0.68-0.84). In addition, GDS-15
scores increased from the GG to the AA genotype
(Cuzik’s test for trend: z=2.11, P=0.035), and men
with the AA genotype had 66% (OR=1.66,
95% CI=1.07-2.57) and 67% (OR=1.67, 95%
CI=1.08-2.58) greater odds for clinically significant
depression than GA and GG carriers, respectively
(see also Table 4). The population attributable fraction
of depression associated with the AA genotype at
SNP 151205 was 11%. The G>A polymorphism of
SNP 151205 was not associated with any other
socio-demographic or clinical measures (Table 4).
We also conducted a series of post hoc analyses to
investigate how depression, poor physical health and

the G> A polymorphism at SNP1205 of the CRP gene
interacted to modulate the serum concentration of CRP.
The geometric mean levels of CRP for AA carriers with
PCS scores <50 were 1.6mg/l (SD=2.5) and 1.6 mg/l
(SD =2.6) for men with and without depression. Once
the analysis was restricted to participants with PCS
scores <40, the mean geometric mean concentration
of CRP fell to 1.3 mg/l (SD=2.3) for men with depres-
sion and increased to 1.8 mg/l (SD =2.7) amongst men
without clinically significant depressive symptoms. A
further drop in the serum concentration of CRP was
observed amongst AA carriers who had a PCS score
<30 and were depressed (geometric mean: 1.2mg/l,
SD =2.3), but increased to 2.0 mg/l (SD =2.5) amongst
those who did not display clinically significant symp-
toms of depression. Figure la and b shows the geomet-
ric mean concentration of CRP according to depression
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Table 3 Socio-demographic, lifestyle, health and biochemical measures associated with the allelic distribution of

rs1130864 SNP

CRP1444-rs1130864

OR OR

CC (n=1808) CT (n=1548) TT (n=344)

CT/CC (95% CI) TT/CC (95% CI)

Age (years), n (%)

70-74 651 (36.0) 573 (37.0) 140 (40.7) 1 (Reference) 1 (Reference)
75-79 792 (43.8) 672 (43.4) 133 (38.7) 0.96 (0.83-1.12) 0.78 (0.60-1.01)
80-84 294 (16.3) 246 (15.9) 9 (17.1) 0.95 (0.78-1.16) 0.93 (0.67-1.30)
>85 1(3.9) 7 (3.7) 2 (3.5) 091 (0.63-1.32) 0.79 (0.41-1.49)
NESB, 7 (%)° 231 (12.9) 200 (13.0) 0 (14.6) 1.01 (0.82-1.24) 1.16 (0.83-1.61)
Education: completed high school, # (%)® 884 (49.0) 740 (47.8) 159 (46.2) 0.96 (0.83-1.09) 0.90 (0.71-1.13)
BMI, n (%)¢
<25 614 (34.1) 515 (33.4) 111 (32.5) 1 (Reference) 1 (Reference)
25-29.9 909 (50.4) 786 (51.0) 174 (50.9) 1.03 (0.89-1.20) 1.06 (0.82-1.37)
=30 279 (15.5) 240 (15.6) 57 (16.7) 1.03 (0.83-1.26) 1.13 (0.80-1.60)
Smoker (current), n (%) 103 (5.7) 70 (4.5) 18 (5.2) 0.78 (0.57-1.07) 0.91 (0.55-1.53)
Depression, n (%) 101 (5.6) 65 (4.2) 16 (4.6) 0.74 (0.54-1.02) 0.82 (0.48-1.42)
GDS score, median (IQR) 2 (1, 3) (1, 3) 1(1,3) 0.97 (0.94-1.00) 0.97 (0.92-1.03)
PCS, n (%)
=50 437 (24.4) 354 (23.0) 82 (23.9) 1 (Reference) 1 (Reference)
30-49.9 1063 (59.4) 947 (61.6) 212 (61.8) 1.10 (0.93-1.30) 1.06 (0.80-1.40)
<30 290 (16.2) 237 (15.4) 49 (14.3) 1.01 (0.81-1.26) 0.90 (0.61-1.32)
CRP, geometric mean (SD), (mg/l) 8 (2.8) 1(2.9) 25 (2.8) 112 (1.05-1.19)¢ 1.31 (1.17-1.46)"
CRP concentration (mg/l), n (%)
<1 498 (27.5) 350 (22.6) 54 (15.7) 1 (Reference) 1 (Reference)
1-2.9 771 (42.6) 684 (44.2) 155 (45.1) 1.26 (1.06-1.50)% 1.85 (1.33-2.58)"
=3 539 (29.8) 514 (33.2) 135 (39.2)  1.36 (1.13-1.63)" 2.31 (1.65-3.24)]

dInformation missing for 21 participants.
Information missing for 4 participants.
‘Information missing for 15 participants.
dInformation missing for 29 participants.
‘z-statistic=3.31, P=0.001.
f7-statistic=4.77, P <0.001.

8z-statistic =2.67, P=0.008.
hz_statistic=3.67, P < 0.001.
iz-statistic=3.28, P=0.001.
Jz-statistic=4.85, P < 0.001.

IQR =interquartile range.

and PCS groups for men with AA or GA/GG genotypes
at SNPrs1205.

Table 5 shows the distribution of depression and CRP
concentrations according to the combined genotypes of
SNPs rs1130864 and rs1205 (two locus genotypes).
None of the participants had the genotype TTAA, and
genotypes CTAA and TTGA were rare. The reported
effect on mood of SNP rs1205 was, therefore, not influ-
enced by the genotype at SNP rs1130864.

Discussion

This study failed to demonstrate a significant associ-
ation between increasing serum CRP concentration

and prevalent depression. In addition, the results con-
firmed that the minor allele of the CRP gene at SNP
rs1130864 is associated with an increase in the serum
concentration of CRP but not an increase in odds of
depression. These data suggest that the association
between CRP and depression is confounded by other
factors, such as age and medical comorbidities, and
is unlikely to be causal. Moreover, our finding that
the 1s1205G>A polymorphism is associated with
an increase in the risk of depression of 70% and a
decrease in the serum concentration of CRP of 30%
may offer further insights into the physiological path-
way linking CRP to depression.

Before discussing our findings, we need to acknowl-
edge the limitations of our study. This survey has the



POLYMORPHISMS OF THE CRP GENE 1055

Table 4 Socio-demographic, lifestyle, health and biochemical measures associated with the allelic distribution of

rs1205 SNP

CRP1846-rs1205

OR OR

GG (n=1630) GA (n=1667) AA (n=403)

GA/GG (95% CI) AA/GG (95% CI)

Age (years), n (%)

70-74 602 (36.9)
75-79 716 (43.9)
80-84 260 (15 9)
>85 2(3.2)
NESB, 7 (%)° 210 (12.9)
Education: completed high school, 7 (%)® 795 (48.8)
BMI, n (%)€
<25 534 (32.9)
25-29.9 830 (51.1)
>30 261 (16 1)
Smoker (current), n (%) 6 (4.7)
Depression, 7 (%) 5 (4.6)
GDS score, median (IQR) ( 3)
PCS, n (%)
>50 404 (24.9)
30-49.9 972 (60.0)
<30 244 (15 1)
CRP, geometric mean (SD), (mg/l) 3 (2.8)
CRP concentration (mg/l), n (%)
<1 306 (18.8)
1-2.9 713 (43.7)
=3 611 (37.5)

622 (37.3) 140 (34.7) 1 (Reference) 1 (Reference)
706 (42.3) 175 (43.4) 0.95 (0.82-1.11) 1.05 (0.82-1.35)
265 (15 9) (184) 0.99 (0.80-1.21) 1.22 (0.89-1.68)

4 (4.4) 4 (35) 1.38 (0.95-2.00) 1.16 (0.62-2.15)
212 (12 8) (147) 0.99 (0.81-1.22) 1.16 (0.85-1.58)
788 (47.4) 200 (49.6) 0.94 (0.82-1.08) 1.03 (0.83-1.29)
566 (34.1) 140 (34.8) 1 (Reference) 1 (Reference)
834 (50.3) 205 (51.0) 0.95 (0.81-1.10) 0.94 (0.74-1.20)
258 (15 6) (142) 0.93 (0.76-1.15) 0.83 (0.59-1.17)

1 (5.5) 4 (6.0) 1.18 (0.86-1.61) 1.29 (0.81-2.08)

7 (4.6) 0 (7.4) 1.00 (0.72-1.39) 1.67 (1.08-2.58)°

2 (1, 3) 2 (1,3) 1.0l (0.98-1.04) 1.05 (1.01-1.10)f
377 (22.8) 2 (23.0) 1 (Reference) 1 (Reference)
1009 (61.1) 241 (60.2) 1.11 (0.94-131) 1.09 (0.83-1.42)
265 (16 0) 67 (16.7) 1.16 (0.93-1.46) 121 (0.85-1.72)

8 (2.9) 1.6 (2.6) 0.81 (0.75-0.86)% 0.66 (0.59-0.74)"
465 (27.9) 131 (32.5) 1 (Reference) 1 (Reference)
721 (43.2) 176 (43.7) 0.67 (0.56-0.79)! 0.58 (0.44-0.75)
481 (28.8) 96 (23.8) 0.52 (0.43-0.62)* 0.37 (0.27-0.49)'

AInformation missing for 21 participants.
Information missing for 4 participants.
‘Information missing for 15 participants.
4Information missing for 29 participants.
z-statistic =2.29, P=0.022.
T7-statistic=2.18, P=0.029.
8z-statistic=4.11, P <0.001.
hz_statistic=7.02, P < 0.001.

iz-statistic =4.50, P < 0.001.

Jz-statistic = 6.62, P < 0.001.

Kz-statistic =4.85, P < 0.001.
'z-statistic=6.62, P < 0.001.

IQR =interquartile range.

merit of having used a large and well-established
community-representative sample of older men for
whom relevant clinical, genetic and biochemical infor-
mation was available.”® We accept, however, that we
cannot infer causality between the factors under
investigation because of the cross-sectional nature of
the survey. There is also evidence that our older men
with depression were less likely to agree to a blood
test, and that those who did not have a blood test had
poorer physical health.*? This would have biased our
results towards a healthier sample and diminished
our ability to investigate the associations between
depression, physical morbidity, serum concentration

of CRP and CRP polymorphisms. This type of bias is
associated with decreased power but not with type I
error. In addition, we used a validated scale and a
demanding cut-point to establish the presence of
depression in this sample. We recognize, however,
that our definition of depression was not based on a
formal assessment of mental state leading to the diag-
nosis of a depressive episode. As a result, we cannot
be certain that our findings would be directly trans-
ferable to patients meeting DSM-IV criteria for major
depression or ICD-10 criteria for a depressive episode.
Our study included men only and the findings may
not necessarily apply to women. Moreover, we limited
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Figure 1 Geometric mean concentration of hsCRP according to the PCS of men with and without depression (the short
lines represent the standard error of the geometric mean). (a) Results for AA carriers only and (b) results for GA or GG
carriers at SNP rs1205 of the CRP gene

Table 5 Depression and CRP concentration according to genotypic combinations of the CRP gene at rs1130864 and rs1205

SNPs
CCGG CCGA CCAA CTGG CTGA CTAA TTGG TIGA TTAA
(n=518) (n=889) (n=401) (n=771) (n=1775) (n=2) (n=341) (n=3) (n=0)
Depression, 7 (%) 26 (5.0) 45 (5.1) 30 (7.5) 33 (43) 32 (41) 0 16 (47) 0 -
CRP, geometric 2.2 (2.8) 1.8 (2.8) 1.6 (2.6) 24 (2.8) 1.9 (2.9) 2.7 (1.5) 2.5 (2.8) 4.1 (2.7) -
mean (SD), (mg/l)
CRP concentration, n (%) (mg/l)
<1 108 (20.8) 259 (29.1) 131 (32.7) 144 (18.7) 206 (26.6) 0O 54 (15.8) 0 -
1-2.9 220 (42.5) 376 (42.3) 175 (43.6) 340 (44.1) 343 (44.3) 1 (50.0) 153 (44.9) 2 (66.7) -
>3 190 (36.7) 254 (28.6) 95 (23.7) 287 (37.2) 226 (29.2) 1 (50.0) 134 (39.3) 1 (33.3) -

The haplotype carrying both minor alleles is not observed in our sample. In other words, the haplotypes that exist are carrying one
major (or common) allele and both combinations of haplotypes carrying one major and one minor allele. It is possible that this
implies the T-A haplotype decreases the probability of survival into old age or that the SNPs are so close together that there have
been almost no recombination events occurring between them over time (these SNPs are located 858 bp apart). This is reflected in
the calculated linkage disequilibrium (LD) parameter D’ (D-prime) of 98.9% given these allele frequencies. Consequently, there is
an exceedingly high LD between the common allele of one SNP and the rare allele of the other (and vice versa). If the common
alleles at one locus had the same effect as the rare alleles in a locus in tight LD (e.g. difference of 90 vs 95%), then our study would

most likely have been underpowered to demonstrate such a difference.

our analyses to two SNPs of the CRP gene and this
does not provide a complete picture of the possible
haplotypes that control its expression. However, our
focus was on two previously well-described SNPs
associated with high- and low-serum concentration
of CRP*' with the specific aim of teasing out the
effects of CRP on depressive symptoms. We also
acknowledge that the polymorphisms that we inves-
tigated in the two SNPs of the CRP gene are related to
CRP (one increasing and the other decreasing its
serum concentration) but not to depression (i.e. the
C>T polymorphism at SNP rs1130864 increases
the serum concentration of CRP but does not reduce

the odds of depression). This may indicate that the
association between the rs1205G>A polymorphism
and depression is either not causal or is affected by
pleiotrophy. Finally, as we did not systematically col-
lect information about the ethnic background of par-
ticipants, we were unable to investigate population
stratification in our dataset, although, as previously
noted, the genotypic distribution of the relevant
SNPs in our sample was similar to that in Euro-
centric populations.

Our results suggest that it may be failure to raise the
serum concentration of CRP as a response to injury
that increases the risk of depression. Recent evidence



implicates a relative deficiency of CRP in the patho-
genesis of autoimmune diseases such as systemic
lupus erythematosus (SLE). Russell and colleagues®?
reported that adults with SLE show an inefficient and
dampened CRP response during acute flares of dis-
ease, a finding that is not dissimilar from what we
observed amongst our men with depression. They also
found that the G> A polymorphism at SNP1205 was
associated with the diagnosis of SLE and nuclear
autoantibody production, and concluded that defec-
tive disposal of immunogenic material contributed
to the pathogenesis of SLE.>?

Curiously, common behavioural and psychological
symptoms associated with SLE have been attributed
to autoimmunity,>* and there is evidence that auto-
immune antibodies trigger depressive symptoms
in animals models’> as well as in humans with
SLE.’°A recent review of the association between
depression and immunity reported a consistent link
between impaired lymphocyte activation and depres-
sion, as well as between reduced natural killer cell
activity and depression.’” There is also growing evi-
dence that immune and inflammatory reactions affect
brain function through the modulation of afferent
peripheral nerve responses to cytokines and peripher-
ally produced pathogen-associated molecular patterns
(PAMPs), as well as via a direct humoral pathway.*®
Dantzer and colleagues®® argued that sickness behav-
iour—which is often characterized by nausea, loss of
appetite, diminished interest in the surrounding
environment, tiredness, disturbed sleep and poor
concentration—is an integral part of the brain’s
response to injury. In addition, they suggested that
when the activation of the peripheral immune
system continues unabated for a prolonged period of
time—such as in autoimmune diseases, cancer or sys-
temic infections—depression may ensue in predis-
posed individuals.*®

Our results are consistent with the possibility that
carriers of the SNP 151205 AA genotype produce a
deficient CRP response to injury, which in turn may
perpetuate immune and inflammatory reactions
that ultimately lead to the expression of clinically sig-
nificant depressive symptoms. In this model, the
rs1205 G>A polymorphism would contribute to the
development of depression by diminishing the indivi-
dual’s ability to respond efficiently to stress and
injury. Ten years ago, McEwen’® suggested that
organisms react to real or perceived challenges in
two ways: (i) they mount an allostatic response that
initiates a complex adaptive pathway (for example, to
combat an infection), and (ii) they turn off the allo-
static response when the threat is no longer present.
Whilst the acute response is commonly adaptive,
chronic allostatic load may result in damage to the
organism because of repeated hits, lack of adaptation
(i.e. decreased ability to turn off the allostatic
response), prolonged (i.e. no recovery) or inadequate
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responses.”” McEwen suggested that a flattened or
inadequate acute allostatic response to insult leads
to compensatory hyperactivity of other stress-related
mediators (such as cytokines),*® and this could con-
tribute to the development of sickness behaviour and
depression. However, such an explanation can only be
considered speculative at this stage, as our study
lacked supportive data to test the various steps
involved in the allostatic model directly.

Our findings have potential implications for the
management of depression. The data are consistent
with the possibility that carriers of the AA genotype
at CRP SNP 151205 have a dampened CRP response to
increasingly poor physical health, a relative fall in the
serum concentration of CRP of ~30%, and an increase
in the prevalence of depression of 70%. If this rela-
tionship is truly causal, then raising the serum con-
centration of CRP by 30% could potentially lead to the
remission of depressive symptoms amongst older AA
carriers at CRP SNP rs1205. This possibility remains to
be tested by randomized trials, although CRP is not
readily available for consumption and potential safety
issues associated with its infusion would need to be
considered.*"*?

In summary, the results of our study show that clin-
ically significant depressive symptoms in later life are
unlikely to be caused by an increase in the serum
concentration of CRP, as previously suggested.*’
Instead, we found that the odds of depression are
greater amongst people who carry the rs1205G>A
genetic polymorphism of the CRP gene, which reduces
the serum concentration of CRP. This suggests
that CRP may be a compensatory response to external
insults that predispose to depression, and that
an increase in the concentration of CRP might be
adaptive and potentially protective. In this case,
the association between CRP and depression could
be analogous to indication bias, where treatment for
a disease state is associated with that disease. These
findings should now be replicated in independent
samples and, if the observed associations are con-
firmed, future studies will need to clarify if an
increase in the serum concentration of CRP can
reverse or avert depression amongst people at risk.
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KEY MESSAGES

e Older men with depression have high serum concentration of CRP, but the lack of association
between prevalent depression and polymorphisms of the CRP gene that either increase or decrease
the basal serum concentration of CRP suggests that this relationship is not causal.

e The G>A polymorphism at SNP rs1205 is associated with lower serum concentration of CRP, with
AA carriers showing <24% CRP than men with other genotypes.

e Men with the AA genotype at SNP rs1205 had 1.66 (95% CI: 1.07-2.57) and 1.67 (95% CI: 1.08-2.58)
greater odds of displaying clinically significant symptoms of depression than men with the GA and

GG genotypes, respectively.

e The results of this study suggest that changes in the serum concentration of CRP may represent a
compensatory response to external insults that predispose to depression; failure to raise CRP in those
circumstances may increase the odds of depression.
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