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C-reactive protein gene variants: independent association with
late-life depression and circulating protein levels
M-L Ancelin1,2, A Farré1,2, I Carrière1,2, K Ritchie1,2,3, I Chaudieu1,2 and J Ryan1,2,4,5
C-reactive protein (CRP) is a heritable biomarker of systemic inﬂammation that is commonly elevated in depressed patients.
Variants in the CRP gene that inﬂuence protein levels could thus be associated with depression but this has seldom been examined,
especially in the elderly. Depression was assessed in 990 people aged at least 65 years as part of the ESPRIT study. A clinical level of
depression (DEP) was deﬁned as having a score of ⩾ 16 on The Center for Epidemiologic Studies Depression scale or a diagnosis of
current major depression based on the Mini-International Neuropsychiatric Interview and according to Diagnostic and Statistical
Manual of Mental Disorders-IV criteria. Five single-nucleotide polymorphisms spanning the CRP gene were genotyped, and
circulating levels of high-sensitivity CRP were determined. Multivariable analyses adjusted for socio-demographic characteristics,
smoking, ischemic pathologies, cognitive impairment and inﬂammation-related chronic pathologies. The minor alleles of rs1130864
and rs1417938 were associated with a decreased risk of depression in women at Bonferroni-corrected signiﬁcance levels (P = 0.002).
CRP gene variants were associated with serum levels in a gender-speciﬁc manner, but only rs1205 was found to be nominally
associated with both an increased risk of DEP and lower circulating CRP levels in women. Variants of the CRP gene thus inﬂuence
circulating CRP levels and appear as independent susceptibility factors for late-life depression.
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INTRODUCTION
The link between depression and inﬂammation is well documented, and numerous studies have shown that C-reactive protein
(CRP), a marker of systemic inﬂammation, is raised in depressed
people, although this may be restricted to speciﬁc subgroups, for
example, clinical samples or men,1 especially those with a lateonset depression.2 Some studies have suggested that the
association between CRP levels and depression is no longer
signiﬁcant after adjustment for vascular factors, chronic illness or
treatments,1 yet a recent meta-analysis found a weak but robust
association even after covariate adjustment.3 However, features of
this analysis limit the extent to which ﬁndings can be generalized
to the wider population, such as the exclusion of people with
chronic inﬂammatory conditions, the lack of control for speciﬁc
illness and potential gender-speciﬁc effects were not considered.
The links between inﬂammation and depression thus remain
unclear and may be bidirectional, as neurobiological correlates of
depression may result in enhanced inﬂammation and CRP levels,
and the latter, in turn, may increase the risk of depression. Both
depression and CRP phenotypes are ~40% heritable, and twin
studies suggest a common genetic pathway linking depression
and inﬂammation.4 Environmental factors such as smoking,
obesity and vascular pathologies, as well as gender could also
be implicated and modulate the relationship between the CRP
gene and depression.5 This may be especially important in the
elderly who have a high prevalence of comorbid chronic
disorders.
Several genetic polymorphisms in the CRP gene have been
associated with CRP levels,6–9 but their association with depression remains controversial. To date, there have only been two

studies in adult populations that found no signiﬁcant
associations10,11 and two others in the elderly reported inconsistent results.6,12 However, none of these studies considered the
involvement of potential mediating factors, such as cardiovascular
and inﬂammation-related chronic pathologies, that are frequent in
the elderly. In addition, gender-speciﬁc associations have not been
examined speciﬁcally despite the reports of gender differences in
the characteristics13 and risk factors for late-life depression
(including genetic factors),14–16 and in the relationship between
inﬂammation and depression,17,18 as well as in the association
between CRP genetic variants and CRP levels.8,9
Thus, while there is some evidence to suggest that the CRP
gene may constitute a susceptibility factor for late-life depression,
this has yet to be examined within a large cohort in the elderly
general population. In this study, we have taken into account
possible gender differences and multiple independent and
interactive factors, including various chronic physical disorders
and antidepressant use. The aim is to more accurately describe the
role of the CRP gene in late-life depression and determine whether
circulating CRP levels could modulate this association.
MATERIALS AND METHODS
Participants
The data were derived from a longitudinal study of neuropsychiatric
disorders in community-dwelling French elderly, the ESPRIT study.19
Community-dwelling participants ⩾ 65 years old were recruited by random
selection from the electoral rolls between 1999 and 2001. Approval for the
study was given by the national ethics committee. After obtaining written
informed consent from all participants, interviews were administered by
trained staff at baseline (wave 1) and 2, 4, 7 and 10 years (wave 2–5,
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respectively) of follow-up. Of the 2199 non-demented elderly recruited,
participants were excluded from this analysis if they were not assessed for
current psychiatric symptomatology (n = 29) or had missing covariate data
(n = 48). Of the remaining participants, 990 provided buccal samples for
genotyping. Compared with the participants included in the analysis, those
excluded had a lower educational level, were more likely to have cognitive
dysfunction, cardiovascular pathologies and depressive symptomatology,
and were more likely to be treated with antidepressants (P ⩽ 0.0001).

Outcome measures
The diagnosis of lifetime depression was made using the Mini-International
Neuropsychiatric Interview, a standardized psychiatric examination validated in the general population20 according to the Diagnostic and
Statistical Manual of Mental Disorders-IV criteria.19 Positive cases were
reviewed by a panel of psychiatrists. The Center for Epidemiologic Studies
Depression Scale, validated in the elderly, was used to evaluate current
depressive symptomatology.21 Participants with a Mini-International
Neuropsychiatric Interview diagnosis of current major depression or high
levels of depressive symptomatology (The Center for Epidemiologic
Studies Depression Scale ⩾ 16) were deﬁned as having a clinical level of
depression (DEP), that is, levels of psychopathology that would warrant
clinical intervention, as described.15,22

CRP genotyping
The CRP gene is located on chromosome 1 and consists of 2 exons and a
long 3′ untranslated region. It encodes a 204 amino-acid protein. CRP
polymorphisms were chosen based initially on common (minor allele
frequency ⩾ 0.05) tag single-nucleotide polymorphisms (SNPs) identiﬁed
using the Haploview program,23 and using Caucasian genotype data from
the International HapMap Project (www.hapmap.org; version 3, release R2,
ethnicity: CEU+TSI). We selected SNPs that have been associated with
circulating CRP levels in prior studies, suggesting their potential functional
signiﬁcance24,25 while ensuring adequate coverage across the gene.
Chosen SNPs include the 5′ promoter region (rs3093059, at position
− 757), the intron (rs1417938, at position +29), exon 2 (rs1800947, at
position +1059), the 3′ untranslated region (rs1130864, at position +1444)
and the 3′ ﬂanking region (rs1205, at position +1846; Figure 1). There is
relatively high-linkage disequilibrium across the region estimated using D′
(40.84 for all pairwise comparisons), although r2 values are very low, with
the exception of rs1130864 and rs1417938. These values closely match
those reported previously.24
DNA was extracted from buccal samples collected during the follow-up
and genotyping was performed by LGC Genomics, Hoddesdon, UK using
their KASP SNP genotyping system as described previously.22,26 The error
rate for the KASP assay system is o 0.3%.

Socio-demographic and clinical variables
The standardized interview included questions on socio-demographic
characteristics, height, weight and smoking. Glycemia, lipids and CRP levels
were measured from 12- h-fasting blood samples. Cognitive function was
assessed using the Mini-Mental State Examination and those scoring o26
were considered as having cognitive impairment.27 Detailed medical
questionnaires (with additional information from general practitioners)
were used to obtain information on history of cardiovascular ischemic
pathologies (angina pectoris, myocardial infarction, stroke, cardiovascular
surgery and arteritis). Inﬂammation-related chronic pathologies corresponded to self-reported respiratory disorder (chronic bronchitis, asthma
or dyspnea) as well as to taking regular treatment for chronic joint or back
pain. All drugs used in the preceding month, including antidepressants
and anti-inﬂammatory medication were recorded from medical prescriptions, drug packages and any other relevant information.

Circulating CRP
High-sensitivity CRP was measured on a subset of 608 participants in the
ESPRIT study by means of particle enhanced immunonephelometry assay
on thawed serum at the ﬁfth wave of follow-up. The sensitivity and
interassay coefﬁcient variation of this assay were 0.17 mg l − 1 and 2.3%,
respectively. CRP values below the detection limit were assigned a value
equal to half the detection limit (n = 13). Persons with CRP levels 410
mg l − 1 were excluded from the analyses, as this high level of CRP was
considered to be owing to acute-phase response (n = 23). Logarithmic
transformation was applied to normalize raw score distributions of the CRP
Translational Psychiatry (2015), 1 – 8

values and the geometric means and s.e. (conﬁdence interval:
m=s:e:1:96 ; m ´ s:e:1:96 ) are shown in the Tables.

Statistical analysis
χ2-Tests were used to compare the distribution of CRP genotypes with
those predicted under the Hardy–Weinberg equilibrium. Linkage disequilibrium between the SNPs was calculated using Haploview version 4.2.23
Associations between CRP polymorphisms and prevalent DEP at wave 1
were assessed using multivariable logistic regression models adjusted for
covariates that were found to be associated with prevalent DEP (Po 0.15).
Model M0 was adjusted for age only, whereas model M1 included
additional variables such as gender, marital status, education level,
smoking, cognitive impairment and inﬂammation-related chronic pathologies. Cardiovascular ischemic pathologies were also included owing to
the potential association with CRP polymorphisms.28
The association between these SNPs and circulating CRP was
investigated in the subsample of 608 participants who provided samples
for analysis at wave 5. CRP levels at baseline were also available for some
participants29 but were not examined, given the very small number having
also provided buccal samples (n = 136); however, there was a high
correlation between both measurements (r = 0.61, Po0.0001). The
associations between CRP SNPs and circulating CRP were evaluated using
analysis of covariance and were adjusted for age. Further adjustment was
also made for depression and ischemic pathologies.
For two SNPs (rs1130864 and rs1417938) signiﬁcant interactions were
found with gender for DEP (P = 0.04 for both SNPs) and circulating CRP
levels (P = 0.005 and P = 0.004, respectively), consequently all analyses were
stratiﬁed by gender. SAS (v9.4, SAS Institute, Cary, NC, USA) was used for
the statistical analyses with a nominally signiﬁcant level of P o0.05. Given
that ﬁve SNPs were investigated in both males and females, the
Bonferroni-corrected signiﬁcance level was Po 0.005.

RESULTS
Population characteristics
At baseline, 26.2% of the 990 participants were identiﬁed as
having DEP and antidepressant use was reported by 4.1%
(Table 1). Depressed elderly were more frequently women
and were living alone, had a lower education level, were more
likely to have cognitive dysfunction, inﬂammation-related
chronic disorders and a history of major depression, and were
more frequently users of antidepressants compared with nondepressed elderly.
The CRP genotype frequencies were not signiﬁcantly different
from those predicted by Hardy–Weinberg equilibrium (P40.15 for
all SNPs). Owing to the very small number of homozygotes for the
minor allele of both rs1800947 and rs3093059, these homozygotes
were combined with the heterozygotes for analysis.
CRP polymorphisms and DEP
In women, signiﬁcant associations were observed between DEP
and three of the ﬁve SNPs, a trend level association was observed
for a fourth (Table 2). The same pattern was observed in the ageadjusted and multivariate-adjusted logistic regression models (M0
and M1). Women homozygotes for the minor alleles of rs1130864
and rs1417938 had a 72% decreased odds of depression compared
with homozygotes for the major allele, which remained signiﬁcant
after Bonferroni correction. Homozygotes for the T allele of rs1205
had an almost twofold increased odds of depression compared
with women with the CC genotype, although the association was
only signiﬁcant at nominal P-values. Among men, none of the
SNPs were signiﬁcantly associated with DEP. Results remained
unchanged after further adjustment for antidepressants
(Supplementary Table S1).
CRP polymorphisms and circulating CRP levels
CRP levels adjusted for age were lower in women homozygous for
the minor allele of rs1205 (Table 3). A number of associations were
also observed in men with the minor alleles of rs1130864,
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rs1417938 and rs1800947 being associated with lower CRP levels
compared with men homozygous for the major alleles. These
results remained after further adjustment for depression and

cardio-ischemic pathologies (Supplementary Table S2). However,
none of the associations reached Bonferroni-corrected signiﬁcance levels.

Figure 1. (a) The C-reactive protein (CRP) gene region (chromosome 1q21–q23) and approximate locations of the tag single-nucleotide
polymorphism (SNP) locations (dbSNP) relative to the transcription start site, as described previously.28 Representation of the linkage
disequilibrium structure of the ﬁve SNPs genotyped across the CRP gene using r2 (b) and D′ (c). SNPs are listed in the order they appear on the
NCBI database (that is, gene runs in the reverse direction). LD values are shaded on a gradient based on the strength of the correlation.
Table 1.

Baseline characteristics of participants according to prevalent DEPa (n = 990b)

Characteristics

Non-DEP (n = 731, %)

DEP (n = 259, %)

Age (years)
65–69
70–74
75+

38.99
38.17
22.85

35.52
34.75
29.73

Gender: women
o12 years of schooling
Current or former smoker
BMI (⩾25 kg m − 2)
Diabetes (fasting glycemia 47mmol l − 1 or treated)
Cardiovascular ischemic pathologiese
Inﬂammation-related chronic pathologiesf
Cognitive impairment (MMSE o26)
Antidepressant use
History of major depression

55.54
68.95
40.90
43.48
6.98
10.26
13.68
9.30
1.92
19.97

72.97
82.63
37.84
43.02
6.56
10.81
20.46
16.60
10.42
37.96

DEP vs non-DEP (OR (95% CI))c

0.09d

—

1.87
1.31
1.13
1.18
1.19
1.54
1.75
5.08
2.21

Wald test P-value

(1.30–2.69)
(0.94–1.82)
(0.84–1.52)
(0.66–2.12)
(0.74–1.92)
(1.06–2.24)
(1.15–2.66)
(2.59–9.95)
(1.60–3.07)

o0.0001d
0.0008
0.12
0.42
0.58
0.47
0.02
0.009
o0.0001
o0.0001

Abbreviations: BMI, body mass index; CES-D, The Center for Epidemiologic Studies Depression Scale; CI, conﬁdence interval; DEP, clinical level of depression;
OR, odds ratio; MMSE, Mini-Mental State Examination. aCorresponds to current major depression or a CES-D score ⩾ 16. bExcept for BMI (n = 987) and history of
major depression (n = 951) owing to missing data. cAdjusted for age and gender. dχ2-test. eA history of angina pectoris, myocardial infarction, stroke,
cardiovascular surgery and arteritis. fCorresponds to self-reported respiratory disorder (chronic bronchitis, asthma or dyspnea) as well as taking regular
treatment for chronic joint or back.
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43.3
45.1
11.6

43.1
45.3
11.6

89.2
10.8

87.7
12.3

CC
CT
TT

TT
TA
AA

GG
GC or CC

TT
TC or CC

rs1130864

rs1417938

rs1800947

rs3093059

86.8
13.2

83.6
16.4

50.3
45.5
4.2

50.3
45.5
4.2

40.7
42.9
16.4

%

—
0.86

—
1.05 (0.62–1.76)

—
1.00 (0.59–1.70)

—
0.99
88.0
12.0

88.9
11.1

—
0.06

—
0.06

—
1.60 (0.98–2.64)

—
1.63 (0.98–2.70)

44.3
46.2
9.5

—
—
—
—
0.87 (0.61–1.24) 0.44 0.92 (0.63–1.33) 0.65
0.32 (0.14–0.69) 0.004 0.28 (0.13–0.63) 0.002

%

44.6
45.9
9.5

P

—
—
—
—
0.88 (0.61–1.25) 0.47 0.93 (0.64–1.35) 0.70
0.32 (0.14–0.70) 0.004 0.28 (0.13–0.64) 0.002

OR (95% CI)c

94.3
5.7

87.1
12.9

44.3
44.3
11.4

44.3
44.3
11.4

42.9
44.3
12.9

%

Non-DEP (n = 325) DEP (n = 70)

43.7
44.0
12.3

P

Model M1

—
—
—
—
1.10 (0.76–1.60) 0.62 1.08 (0.74–1.58) 0.70
2.03 (1.18–3.51) 0.011 1.98 (1.13–3.47) 0.016

OR (95% CI)b

Model M0
P

OR (95% CI)c

Model M1
P

—
—
—
—
0.43 (0.15–1.25) 0.12 0.42 (0.14–1.26) 0.12

—
—
—
—
1.15 (0.53–2.53) 0.95 0.97 (0.43–2.18) 0.95

—
—
—
—
0.97 (0.56–1.68) 0.91 0.97 (0.55–1.72) 0.92
1.20 (0.50–2.87) 0.68 1.23 (0.50–3.05) 0.65

—
—
—
—
0.98 (0.57–1.71) 0.95 0.98 (0.56–1.74) 0.95
1.21 (0.51–2.90) 0.67 1.24 (0.50–3.07) 0.64

—
—
—
—
1.02 (0.59–1.78) 0.94 0.88 (0.50–1.57) 0.67
1.05 (0.46–2.40) 0.91 0.93 (0.39–2.18) 0.86

OR (95% CI)b

Model M0

Men (n = 395)

Abbreviations: CES-D, The Center for Epidemiologic Studies Depression Scale; CI, conﬁdence interval; CRP, C-reactive protein; DEP, clinical level of depression; OR, odds ratio; SNP, single-nucleotide
polymorphism. aCorresponds to current major depression or a CES-D score ⩾ 16. bModel adjusted for age. cModel adjusted for age, marital status, education, smoking, cardiovascular ischemic pathologies,
cognitive impairment and inﬂammation-related chronic pathologies.

46.3
44.3
9.4

CC
CT
TT

rs1205

%

Non-DEP (n = 406) DEP (n = 189)

Women (n = 595)

Multi-adjusted logistic regression analysis for the association between CRP polymorphisms and prevalent DEPa in women and men

SNP and genotype

Table 2.
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Table 3.

Associations between CRP SNPs and serum CRP levels

SNP and genotype

Women (n = 371)
N

Meana s.e.a

Men (n = 237)
P

N

Meana s.e.a

P

rs1205
CC
CT
TT

167
161
43

1.51
1.26
0.98

1.07 0.02 97
1.07
105
1.15
35

1.35
1.38
0.99

1.10 0.22
1.10
1.17

rs1130864
CC
CT
TT

170
166
35

1.26
1.29
1.82

1.07 0.10 111
1.07
98
1.17
28

1.23
1.55
0.89

1.10 0.03
1.10
1.20

rs1417938
TT
TA
AA

169
167
35

1.26
1.29
1.82

1.07 0.10 110
1.07
99
1.17
28

1.20
1.55
0.89

1.10 0.02
1.10
1.20

rs1800947
GG
GC or CC

322
49

1.35
1.10

1.05 0.13 208
1.15
29

1.38
0.87

1.07 0.02
1.20

rs3093059
TT
TC or CC

326
45

1.29
1.58

1.05 0.16 209
1.15
28

1.26
1.74

1.07 0.10
1.20

Abbreviations: CRP, C-reactive protein; SNP, single-nucleotide polymorphism. aGeometric means of CRP (expressed as mg l − 1) and s.e. (conﬁdence
interval: m/s.e.1.96; m × s.e.1.96), and adjusted for age.

DISCUSSION
In this study, we report that three of ﬁve variants of the CRP gene
were strongly associated with late-life depression in older women
but not in men. These associations were not reduced by the
inclusion of potential mediating factors, such as lifestyle, physical
and mental health. Highly signiﬁcant associations were observed
with rs1130864 and rs1417938 that appear as susceptibility factors
for late-life depression in women independently of circulating CRP
levels.
CRP polymorphisms and late-life depression
To date, only four studies have investigated CRP variants and
depression with inconsistent results.6,10–12 Two adult studies
found no associations with depressive10 or affective
symptoms.11 Luciano et al.12 examined the associations between
depressive mood state and CRP SNPs in two elderly cohorts while
adjusting for age and gender. They only reported a nominally
signiﬁcant association with rs1800947 in a subsample of one of the
cohorts, the oldest 229 participants assessed at age 87, and they
found no association with rs1205.12 In contrast, Almeida et al.6
reported an association between rs1205 and depression in 3700
men aged 70 years and over. In our study, all associations were
speciﬁc to women, the strongest associations being that with
rs1130864 and the closely linked rs1417938, although there was
also some evidence of an association with both rs1205 and
rs1800947. In contrast with Almeida et al.,6 we did not observe an
association with rs1205 in men both in unadjusted analysis and
after considering possible mediating factors. Possible explanations
for differences in the ﬁndings of their study and ours could involve
decreased power due to a 2.6-fold lower number of depressed
men in our study and/or differences in cohort characteristics. Our
sample including younger and healthier European men with lower
mean CRP levels compared to that of the Australian cohort. None
of the previous studies reported signiﬁcant associations with
rs1130864 and they did not examine rs1417938, both of which we
found to be highly signiﬁcantly associated (P = 0.002) with

depression in elderly women even after correction for multiple
testing. Two of the SNPs we identiﬁed, rs1130864 and rs1205 have
potential functional signiﬁcance, as they are found in the 3′
untranslated region of the CRP gene, a regulatory region which
plays a key role in controlling gene expression. The third SNP,
rs1417938 is intronic with the potential that it inﬂuences gene
function through alternative splicing.30 However, the associations
found with this SNP, may also be due to its strong linkage
disequilibrium with rs1130864.
CRP polymorphisms and circulating CRP
The association between SNPs and serum CRP levels was
comparable in women and men for rs1205, rs1800947, and
rs3093059, but only for rs1205 in women and rs1800947 in men
were the minor alleles associated with lower CRP levels. We
observed clear gender differences for rs1130864 and rs1417938;
homozygotes for the minor alleles (TT and AA, respectively) had
lower CRP levels in men (-28%), while in women there was only a
very weak in the reverse direction. Only a few population-based
studies have examined men and women separately.6–9 Globally,
similar trends have been reported for rs1205 and rs1800947 in a
Finnish study of older women and men,8 as well as a cohort of
Australian men6 and American women.7 For rs1130864 the TT
homozygote has also been associated with higher CRP levels in
women but lower levels in men,8,9 whereas Almeida et al.6
reported a reverse association in men. A study of 968
postmenopausal women showed similar associations of these
ﬁve SNPs with CRP levels as in our study.31
CRP polymorphisms, circulating CRP and late-life depression
Although we found CRP gene variants to be associated with both
depression and CRP levels, the direction and strength of these
associations are inconsistent with the assumption that CRP levels
are an intermediate between gene variants and depression. A
similar lack of correlation has been reported for cardiovascular
disease: several variants associated with blood levels are not
constituting a risk for cardiovascular disease.28,32 In our study, the
CRP variants that were associated with CRP levels in men were not
signiﬁcantly associated with depression. In women, the polymorphisms signiﬁcantly associated with a decreased risk of
depression, tended to be associated with higher CRP levels, but
this was only nominally signiﬁcant for rs1205. Almeida et al.6
suggested that CRP may be an adaptive compensatory response
to external insults and poor physical health that predispose to
depression.33 Our analysis further showed that adjusting for
depression and cardiovascular ischemic pathologies did not
modify the association between CRP variants and CRP levels (cf.
Supplementary Table S2). In the reverse sense, further adjusting
for CRP levels did not attenuate the association between
rs1130864 or rs1417938 and depression (odds ratio = 0.10
(0.02 − 0.45), P = 0.003 for both SNPs). The lack of a mediating
effect by CRP levels is consistent with a meta-analysis of 51 crosssectional studies that reported a weak positive association
between CRP levels and depression in the general population,
especially after adjusting for vascular mediators and comorbidities
or treatments.1 Common CRP variants have been reported to
account for only 2–4% of the total variation in plasma CRP
concentration.31,34 This suggests that both CRP concentration and
genotype could be independently associated with depression.
CRP is known to interact with a variety of cytokines and immune
cells. Genome-wide association studies have already identiﬁed
some 20 CRP-associated loci explaining ~5% of the
variance.25,35–37 Many of these genes involve pathways related
to either innate immunity (CRP, IL6R, IL6, NLRP3, IL1RN and IRF1) or
lipid and glucose metabolism, and have been associated with a
variety of diseases as well as biochemical traits.5,38
Translational Psychiatry (2015), 1 – 8
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CRP is a more general marker of inﬂammatory processes
compared, for instance, with interleukins (ILs) that have direct
effects on the brain and other inﬂammatory markers, as well as
other indirect mechanisms leading to neuro-inﬂammation and
neuropsychiatric disorders.39,40 A recent meta-analysis reported a
small signiﬁcant association between CRP levels and depression
risk.3 They suggested that this small contribution to depression
could be related to (i) the heterogeneity of depression with
inﬂammation being etiologically related to some, but not all cases,
(ii) a variable contribution of inﬂammation to the symptoms of
depression between individuals and (iii) ﬂuctuating or cumulative
effects only observed after a long follow-up. Together, this may
explain why CRP levels are not the most appropriate biomarker for
depression.3
Potential mechanisms linking CRP variants and depression and
gender differences
Our data suggest that CRP variants can inﬂuence circulating levels
differently in older men and women but appear as independent
susceptibility factors for late-life depression in women, even after
controlling for factors known to alter inﬂammatory processes
(smoking, cardiovascular and inﬂammation-related pathologies,
and antidepressants).
Twin studies suggest the existence of a common genetic
pathway linking depression and inﬂammation.4 The relationship is
reciprocal and could involve various cytokines, for example, IL-6,
which together with IL-1β activates transcription factors that
induce CRP transcription.5,28 Conversely, depression can elevate
circulating levels of IL-6 through the inﬂuence of catecholamine
release and the sympathetic nervous system. A dysfunctioning of
the corticotropic hypothalamic-pituitary-adrenal (HPA) axis has
also been reported as both a consequence and cause of
inﬂammatory processes and depression. IL-6 can induce production of CRH resulting in hypercortisolemia, which can contribute to
depression.41 Conversely, stress-related system pathways, for
example, sympathetic nervous system, coupled with the HPA axis
can contribute to chronic activation of inﬂammatory responses.42
Cortisol, in particular, can exert diverse actions inﬂuencing the
central nervous system, the immune system, and glucose and lipid
metabolism,43 and this can also result in depression. Glucocorticoid resistance and associated hypercortisolemia can contribute
to the inﬂammatory proﬁle observed in major depressive
disorder.44 The two CRP variants, rs1205 and rs1417938, have
been shown to affect CRP concentrations but also cortisol levels
after awakening, suggesting a negative feedback of CRP on the
HPA axis.45 It is also possible that the association between the CRP
gene and depression occurs via its ability to modulate the
glucocorticoid receptor.44
The mechanisms for gender-speciﬁc differences are multifactorial and may involve not only CRP-related genetic variation
but also the hormonal environment. Inﬂammation levels are
known to ﬂuctuate with the female menstrual cycle, menopause
status and use of hormone treatment.46–48 We have already
shown that hormonal ﬂuctuation can modulate depressive
symptomatology and interact with genetic vulnerability.16,49,50
Estrogen receptors and steroids have been involved in depression
and participate in physiological regulation of brain
inﬂammation16,18 and both have also been involved in sex
differences in HPA axis function.51 Sexual dimorphism of stress
responses and HPA axis functioning could inﬂuence the relationship between depression and inﬂammation,17,52,53 and opposite
effects of sexual steroids on the HPA axis and associated immune
system functioning have been reported; androgenic steroids
having milder suppressive actions on the HPA axis and smaller
peripheral immunosuppressive and anti-inﬂammatory actions
than estrogens.17 We have already shown in this elderly cohort
the persistence of an abnormal cortisol secretion, especially in
Translational Psychiatry (2015), 1 – 8

women, even after recovery from major depression.54 Whether the
HPA axis could act as a mediating factor between CRP and
depression in women remains to be examined.
Limitations and strength
Study limitations include bias from excluding participants with
missing data who were in poorer health and more likely to be
depressed, thus reducing the overall study power. French law
prohibits from questioning participants about ethnicity, however,
prior genotyping data from a subsample of these participants
indicates that 499% are white Europeans.22 This is supported by
the similarity of the CRP genotype frequencies with those
published previously in white Europeans11,55–57 (and http://www.
ncbi.nlm.nih.gov/projects/SNP/). The CRP analyses were based on
only one measurement at wave 5. To limit intraindividual and
analytical variability in circulating CRP levels, we excluded subjects
with CRP levels 410 mg l − 1 to eliminate cases of falsely elevated
concentrations owing to acute-phase inﬂammation response, a
high-sensitivity CRP assay was performed and we observed good
correlation with baseline measurement, which is consistent with
stability of CRP over time.4,58 It remains possible that other
unknown factors may have inﬂuenced the associations, including
subclinical disease, which was not detectable through the analysis
of lipids, glycemia and hypertension.
Our study is strengthened by its design and a large populationbased sample. This is the ﬁrst study of late-life depression to
investigate potential associations with several CRP polymorphisms
in community-dwelling elderly men and women separately while
also examining the impact on circulating levels. DEP was assessed
by trained staff using two distinct measures validated in the
general population, including a structured Diagnostic and
Statistical Manual of Mental Disorders-IV-based diagnostic
interview.20,21 Five SNPs were chosen to ensure satisfactory
coverage across the gene. We used a genotyping system with a
very low error rate and were able to control for the accuracy
through duplicate samples. The high-sensitivity CRP assay
provided a sensitive measure of CRP with measurement that
extends below that of most conventional CRP assays.59 We were
able to consider gender differences and controlled for numerous
potential mediating factors in contrast with previous studies.
CONCLUSION
Our ﬁndings provide epidemiological support for the involvement
of CRP variants in late-life depression; the associations were
speciﬁc to women and remained signiﬁcant after controlling for
pre-existing medical illnesses and correction for multiple testing.
Variants of the CRP gene also inﬂuence circulating CRP levels
differently in women and in men, but this does not appear to
modulate the association with depression. Our data suggest that
CRP variants could be a better marker of depression than CRP
levels. To our knowledge, this is the ﬁrst report of a signiﬁcant
association between rs1130864 and rs1417938, and depression.
The exact functional signiﬁcance of these genetic variants,
however, remains speculative and further investigation is warranted. Replication of this ﬁnding in other populations is necessary
to conﬁrm these associations and their potential usefulness in
predicting late-life depression.
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SUPPLEMENTARY INFORMATION

Table S1. Logistic regression analysis for the association between CRP polymorphisms and
prevalent DEPa in women and men, additionally adjusting for antidepressant use

Women (n=595)
OR [95% CI]b

SNP and genotype
rs1205

rs1130864

rs1417938

rs1800947

rs3093059

P-value

Men (n=395)
OR [95% CI]b

P-value

CC

-

-

-

-

CT

1.03 [0.70;1.52]

0.88

0.91 [0.51;1.64]

0.76

TT

1.98 [1.12;3.49]

0.018

0.91 [0.38;2.19]

0.84

CC

-

-

-

-

CT

0.87 [0.60;1.28]

0.48

1.03 [0.58;1.83]

0.92

TT

0.28 [0.12;0.64]

0.002

1.11 [0.44;2.86]

0.82

TT

-

-

-

-

TA

0.86 [0.59;1.26]

0.44

1.02 [0.57;1.81]

0.95

AA

0.28 [0.12;0.63]

0.002

1.11 [0.43;2.84]

0.83

GG

-

-

-

-

GC or CC 1.49 [0.88;2.52]

0.14

0.95 [0.42;2.16]

0.91

TT

-

-

-

-

TC or CC

1.07 [0.63;1.83]

0.80

0.45 [0.15;1.34]

0.15

Abbreviations: CES-D, Center for Epidemiologic Studies-Depression Scale; CI, confidence interval;
CRP, C-reactive protein; OR, odds ratio.
a
Corresponds to current major depression or a CES-D score >16.
b
Model adjusted for age, marital status, education, smoking, cardiovascular ischemic pathologies,
cognitive impairment, inflammation-related chronic pathologies, and antidepressants.

Table S2. Associations between CRP SNPs and serum CRP levels adjusted for age, ischemic
pathologies and DEPa

SNP and
genotype

Women (n=356)

Men (n=232)

N

Meanb

S.Eb

p

N

Meanb

S.Eb

CC

159

1.51

1.07

0.029

95

1.38

1.12

CT

155

1.29

1.07

102

1.38

1.10

TT

42

1.00

1.15

35

0.98

1.17

CC

162

1.29

1.07

108

1.23

1.10

CT

161

1.32

1.07

97

1.55

1.10

TT

33

1.74

1.17

27

0.95

1.20

TT

161

1.29

1.07

107

1.20

1.10

TA

162

1.32

1.07

98

1.55

1.10

AA

33

1.74

1.17

27

0.95

1.20

GG

307

1.38

1.05

204

1.38

1.07

GC or CC

49

1.10

1.15

28

0.87

1.20

TT

315

1.32

1.05

206

1.26

1.07

TC or CC

41

1.55

1.15

26

1.74

1.23

p

rs1205
0.194

rs1130864
0.219

0.056

rs1417938
0.219

0.046

rs1800947
0.094

0.022

rs3093059
0.269

0.130

Abbreviation: CRP, C-reactive protein; CES-D, Center for Epidemiologic Studies-Depression Scale.
a

Corresponds to current major depression or a CES-D score >16.

b

Geometric means of CRP (expressed as mg/L) and S.E ([Confidence interval: m

SE1.96

; m  SE1.96 ]).

