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Introduction: Depression is a frequent complication of coronary artery disease (CAD) with an
unknown etiology. Platelet activating factor (PAF) lipids, which are associated with CAD, have
recently been linked with novel proposed etiopathological mechanisms for depression such as
inflammation, oxidative/nitrosative stress, and vascular endothelial dysfunction.

Methods and results: This hypothesis-generating study investigated the relationships between
various PAF species and depressive symptoms in 26 CAD patients (age: 60.619.2 years, 69%
male, mean Hamilton Depression Rating Scale [HAM-D] score: 11.8+5.2, HAM-D range: 3-20).
Plasma PAF analyses were performed using high performance liquid chromatography electrospray
ionization mass spectrometry in precursor ion scan. Significant associations between depressive
symptom severity (HAM-D score) and a greater plasma abundance of the PAFs phosphocho-
line (PC) PC(0-12:0/2:0) (r=0.49, P=0.01), PC(0-14:1/2:0) (r=0.43, P=0.03), PC(0-17:3/2:0)
(r=0.44, P=0.04), and PC(0O-18:3/2:0) (»=0.50, P=0.01) were observed. Associations between
those PAFs and HAM-D score persisted after adjusting for age and sex.

Conclusion: These preliminary findings support the exploration of the PAF lipidome for
depressive symptom biomarkers in CAD patients. Patients were recruited as part of the follow-
ing clinical trial: NCT00981383.

Keywords: depression, lipidomics, cardiovascular, inflammation, oxidative stress, biomarker,
vascular depression

Introduction

Up to 65% of coronary artery disease (CAD) patients will experience a major or
minor depressive episode after an acute coronary syndrome,' increasing their risk
of mortality.> As response rates to antidepressant interventions are generally modest
in CAD patients,** there is a clinical need to identify mechanistic and/or treatment
response biomarkers that may clarify depressive symptom etiology and predict
its course in those with CAD. Biomarker identification is, however, limited by a
poor mechanistic understanding of the association between depression and CAD.
Converging evidence implicates elevated inflammatory activity, activated oxidative
and nitrosative stress pathways, and vascular endothelial pathophysiology as processes
common to both depression and CAD.>¢ Persistent activation of those inflammatory,
oxidative/nitrosative, and vascular pathways can lead to neurodegeneration and to
the susceptibility to future depressive episodes.” Circulating inflammatory mediators
have been implicated as potential mechanistic biomarkers related to those pathways in
depression;’ however, their nuances are not well understood. This warrants additional
approaches to identify inflammatory, oxidative/nitrosative, and/or vascular biomarkers,
which may provide mechanistic insight into depressive symptoms in CAD.
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Platelet activating factors (PAFs) are a family of potent
pro-inflammatory phospholipids with variable systemic
actions including vessel dilation® and the facilitation of long-
term potentiation in the central nervous system (CNS)° under
normal conditions. However, PAF concentrations become
elevated in response to inflammatory activity. The PAF
metabolism pathway has therefore been associated with CAD
and with CAD severity.'*'* PAFs may also play a key role in
the mechanisms thought to underlie the onset of depressive
symptoms in CAD patients, such as inflammation, oxidative/
nitrosative stress, and vascular endothelial dysfunction,®!5-"7
as well as long-term neurodegenerative damage from per-
sistent activation of inflammatory and oxidative/nitrosative
pathways in depression.!” As such, PAFs may be biomarkers
reflecting the contributions of multiple pathophysiologi-
cal mechanisms in depressed CAD patients. However, the
relationships between circulating PAF levels and depressive
symptoms in patients with CAD have yet to be investigated
despite these mechanistic links. Furthermore, technological
limitations had previously precluded investigation of PAFs
as individual mediators. The purpose of this study was to use
breakthrough lipidomics technology to generate hypotheses
regarding the association between the PAF lipidome and
depressive symptoms in CAD patients, given the proposed
mechanistic relevance of PAFs.!”

Materials and methods

Patients
Patients were approached at entry to a cardiac rehabilita-
tion program at local centers in Toronto, Ontario. Each
patient entered cardiac rehabilitation at a standardized time
(8-10 weeks) after an acute coronary syndrome. Included
patients had CAD (myocardial infarction, prior revasculariza-
tion procedure, and/or angiographic evidence of at least 50%
stenosis in a major coronary artery), were aged 4580 years,
spoke and understood English, and provided written and
informed consent to participate. Once included, demographic
information, a detailed medical history, and concomitant
medications were recorded. The use of antidepressant medi-
cation was permitted on the condition of dose stability over
at least 3 months. This study was approved by the research
ethics boards of Sunnybrook Research Institute, University
Health Network at Toronto Rehabilitation Institute, and
Trillium Health Partners and was conducted according to the
principles expressed in the Declaration of Helsinki.
Patients were excluded if they demonstrated significant
cognitive impairment (Standardized Mini-Mental State
Examination =24),'® had a history of a neurological condi-
tion, had a pre-morbid diagnosis of any Axis I psychiatric

disorder other than depression, or had a significant acute
medical illness (eg, autoimmune condition, uncontrolled
diabetes mellitus, and uncontrolled hypothyroidism).

Design

Included patients were invited to a study interview within
2 weeks of initial contact. Depressive symptoms were
assessed using the investigator-rated 17-item Hamilton
Depression Rating Scale (HAM-D)," a continuous measure
that is highly reliable and sensitive in assessing depressive
symptoms in CAD patients.”® The presence of a major depres-
sive episode (MDE) was determined by trained study person-
nel using the Structured Clinical Interview for DSM (IV)
Disorders.?! Depressive symptom severity and the presence
of a depressive episode were assessed by a trained study
associate under the guidance of an experienced psychiatrist.
CAD patients both meeting MDE criteria and not meeting
MBDE criteria were included in this study to provide a range
of depressive symptom severity.

Fasting blood was collected from all patients at the study
interview. PAFs were analyzed using high performance liquid
chromatography electrospray ionization mass spectrometry in
precursor ion scan as we have previously described.? Briefly,
lipid species in the m/z range from 450 to 600 were analyzed
using precursor ion scan for the diagnostic ion at m/z 184
for phosphocholine (PC).?*? Only species identified as PAFs
following bioinformatic prediction using VaLID v1.1% were
analyzed further.

Statistics

Peak area of each lipid species, representing the area under
the curve, in counts per second was established using Analyst
v1.4.2 (AB Sciex, Concord, Canada). All peak areas were then
normalized to the synthetic internal standard (PC[13:0/0:0])
spiked at time of lipid extraction from plasma and multiplied
by 10° before log, transformation, yielding the abundance.
The association between PAF abundance and HAM-D score
was investigated using linear regression (SPSS statistical soft-
ware, version 13.0, SPSS Inc., Chicago, IL, USA), adjusting
for the covariates age and sex in independent models as these
have previously demonstrated associations with depressive
symptoms and inflammatory activity in CAD patients.?*28
Results were not corrected for multiple comparisons in order
to preserve potentially hypothesis generating findings.

Results

Twenty-six CAD patients were included and assessed
(Table 1). Fifteen (58%) met DSM-IV criteria for a MDE,
and HAM-D total scores ranged from 3 to 20 points. Only two
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Table | Patient characteristics (n=26)

Characteristic Value Association with
HAM-D score
F,t,orr P-value

Demographic
Age in years, mean (SD) 60.6 (9.2) -0.17 0.43
Male % 69 0.85 0.40

Vascular risk factors
Hypertension % 73 -0.45 0.66
Smoking history % 8l -0.37 0.71
Diabetic % 42 0.08 0.93
BMI mean (SD) 29.6 (5.3) -0.12 0.55
Dyslipidemia % 8l 0.76 0.45
Number of vascular risk 3.6 (1.5) 0.05 0.80
factors, mean (SD)

Cardiac history
PTCA % 19 1.0l 0.43
Ml/Ischemic heart 54
disease %
CABG % 27

Depression
Met MDE criteria % 58 - -
HAM-D score, 11.8(5.2) - -
mean (SD)

Medications %
Antidepressants 8 0.05 0.96
Platelet inhibitor 100 - -
Statin 100 - -
Anti-inflammatory 4 - -

Note: — Statistical tests were not performed due to inadequate sample size in one
group or expected co-linearity with HAM-D score.

Abbreviations: CAD, coronary artery disease; SD, standard deviation; BMI, body
mass index; PTCA, percutaneous transluminal coronary angioplasty; Ml, myocardial
infarction; CABG, coronary artery bypass graft; MDE, major depressive episode
(DSM-IV criteria); HAM-D, |17-item Hamilton Depression Rating Scale.

patients (8%) were using an antidepressant, all were using
statins, all were using a platelet inhibitor (acetylsalicylic
acid or clopidogrel), and one (4%) was using a non-steroidal
anti-inflammatory medication. No significant relationships
between patient characteristics and depressive symptom
severity were observed (Table 1).

Seventy-two PC messenger species with m/z between
450 and 600 were detected in patient’s plasma. Of these,
20 species were identified as PAFs. Four PAF species
demonstrated a significant association with HAM-D score
in our sample. In linear regression, a greater abundance of
the PAFs PC(0-12:0/2:0), PC(0O-14:1/2:0), PC(0O-17:3/2:0),
and PC(0O-18:3/2:0) was significantly associated with
greater HAM-D scores in CAD patients, while the PAF
PC(0-13:0/2:0) trended with HAM-D score (Table 2).

Those associations were then investigated in independent
age- and sex-adjusted models. In the age-adjusted models,
PC(0-12:0/2:0) (B=0.47, R>=0.24, P=0.02), PC(O-14:1/2:0)
(B=0.43, R*=0.22, P=0.03), PC(0-17:3/2:0) (=0.44, R?=0.20,
P=0.04), and PC(0-18:3/2:0) (B=0.51, R*>=0.25, P=0.01)

Table 2 Unadjusted linear regression correlations between PAF
species and depressive symptoms in CAD patients (n=26)

PAF species HAM-D total score
(m/z peak and identity) Pearson
X R? P-value
correlation (r)

[468.3a] PC(O-12:0/2:0) 0.49 0.24 0.0l
[482.4a] PC(O-13:0/2:0) 0.38 0.15 0.05
[496.3a] PC(O-14:0/2:0) 0.15 0.02 0.48
[494.3a] PC(O-14:1/2:0) 0.43 0.18 0.03
[510.4d] PC(O-15:0/2:0) 0.08 0.01 0.71
[524.4a] PC(0-16:0/2:0) 0.14 0.02 0.51
[522.4a] PC(O-16:1/2:0) 0.17 0.03 0.40
[520.3a] PC(O-16:2/2:0) 0.09 0.01 0.66
[532.3a] PC(0-17:3/2:0) 0.44 0.19 0.04
[552.4e] PC(O-18:0/2:0) 0.22 0.05 0.28
[550.4a] PC(O-18:1/2:0) 0.14 0.02 0.51
[548.4b] PC(O-18:2/2:0) -0.19 0.04 0.35
[546.3a] PC(0-18:3/2:0) 0.50 0.25 0.0l
[544.4a] PC(O-18:4/2:0) 0.15 0.02 0.47
[542.3b] PC(O-18:5/2:0) -0.20 0.04 0.33
[540.4a] PC(0-18:6/2:0) 0.01 0.00 0.96
[556.4d] PC(O-19:5/2:0) —0.16 0.03 0.46
[572.3b] PC(0-20:4/2:0) 0.14 0.02 0.50
[570.3e] PC(0-20:5/2:0) 0.18 0.03 0.38
[568.4a] PC(0-20:6/2:0) 0.07 0.0l 0.72

Notes: Nomenclature adheres to the recent reorganization of ontologies for lipid
classes and the curated list of lipid species identified by the CIHR Training Program
in Neurodegenerative Lipidomics (CTPNL) teams.?3¢ PC(0-20:4/2:0), for example,
defines a lipid species with a phosphocholine (PC) polar head group, an ether linkage
at the sn-1 position (O-) with a chain of 20 carbons, and 2 carbons linked by an ester
linkage at the sn-2 position, of which the sn-1 chain has four degrees of unsaturation
(indicated as: 4) whereas the sn-2 chain is characterized by fully saturated acetyl
group (referred to by: 0). The number preceding species name in brackets refers
to m/z of [M + H]* ion. Letters distinguish species isobaric with other lipid second
messengers in the curated CTPNL phospholipid list. Trends are highlighted in pink;
significant associations are highlighted in yellow. P-value significance at P=<0.05.
Abbreviations: CAD, coronary artery disease; PAF, platelet activating factor;
HAM-D, |7-item Hamilton Depression Rating Scale; PC, phosphocholine; CIHR,
Canadian Institutes of Health Research.

remained significantly associated with HAM-D score.
In the sex-adjusted models, PC(0-12:0/2:0) (B=0.49, R*=0.27,
P=0.01), PC(0-14:1/2:0) (=0.45, R>=0.23, P=0.02), PC(O-
17:3/2:0) (B=0.48, R*=0.29, P=0.02), and PC(O-18:3/2:0)
(B=0.52, R?=0.29, P=0.01) remained significantly associated
with HAM-D score. There were no interactions between
patient characteristics and the identified PAFs (not shown),
thus no additional covariate-adjusted models were analyzed.
Due to consistent, significant associations with HAM-D score
in both covariate-adjusted models, PAFs PC(O-12:0/2:0),
PC(0-14:1/2:0), PC(0O-17:3/2:0), and PC(O-18:3/2:0) were
identified as key species of potential relevance to depressive
symptoms in CAD patients.

Discussion

The findings of this study suggest that certain PAFs may
be associated with depressive symptoms in CAD patients,
thus identifying PAF species of potential interest for future
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studies, and generally implicating the PAF lipidome as
potentially relevant to the search for biomarkers of depres-
sive symptoms in CAD.

To our knowledge, this is the first study to explore the
association between depressive symptom severity and the
plasma abundance of PAFs in any patient population, and
therefore comparisons with other studies are not possible.
However, these findings support a role for PAFs as inflam-
matory and neurodegenerative lipid messengers associated
with depressive symptoms in CAD patients as previously
hypothesized.'” These findings are also in line with previously
reported associations between PC-derived lipid mediators
and depressive symptoms® or depressive symptom-like
behavior.*® For example, lower circulating concentrations
of the PC(0O-36:4) were associated with greater depressive
symptom severity in a community-based cohort study. That
negative relationship may be relevant to PAFs as membrane
phospholipids such as PC(0-36:4) may be cleaved to produce
PAFs and arachidonic acid (20:4) during periods of increased
inflammation, leading to reduced circulating concentrations
of the precursor lipid. As such, the lipidomic approach used
for the present study may complement previous lipidomic
approaches by identifying PAFs that may be derived from
membrane phospholipids such as PC(0-36:4). More gener-
ally, the findings of the present study support the exploration
of lipidomic biomarkers for clarifying etiological mecha-
nisms of depression in those with CAD.

The PAFs suggested as depressive symptom-related in
the present study may reflect the particular composition of
PC precursor lipids in peripheral leukocytes or vascular
endothelial cell membranes. As such, the identified PAFs may
be related not only to the activation of PAF metabolism, but
may indicate the presence of different membrane lipid com-
positions in depression. The identified PAFs may also reflect
specific signaling properties necessary to participate in the
peripheral inflammatory, oxidative/nitrosative, and vascular
mechanisms relevant to depression in CAD. For example,
pre-clinical studies indicate that PAFs have differential sig-
naling effects not only at the widely-expressed PAF receptor,
but also at the PAF receptor independently;*! therefore, each
species identified in our plasma analysis may have a unique
signaling effect in the periphery, depending on its relative
potency at the PAF receptor, the PAF receptor landscape in
various tissues, and the PAF receptor-independent pathways
that it can activate. Interestingly, the PAFs PC(O-16:0/2:0)
and PC(0O-18:0/2:0) did not demonstrate a significant associa-
tion with depressive symptom severity in our sample despite

their consistent characterization as highly potent PAFs with

various pro-apoptotic effects on neurons when elevated in
the CNS.*! While it should be stressed that these findings are
preliminary and that associations between those species and
depressive symptoms may be revealed in a larger sample,
it is important to consider that PAFs may have different
actions in the CNS than in the periphery and that peripheral
depression-related PAFs may not align with PAFs relevant
to depression-related CNS processes. Collectively, the PAF
species examined in this study may shed light on the mecha-
nisms relevant to depression in CAD patients.

Limitations

This study used a lipidomic approach to explore the range of
PAFs detectible in plasma and, in turn, generate hypotheses
for their clinical relevance to depressive symptoms in CAD
patients. As such, the study results were not corrected for
multiple comparisons in order to highlight potential spe-
cies of interest for future studies. This study was limited by
the small sample size, which permitted the use of only one
covariate per analysis. Thus, we were unable to include age
and sex together in the same statistical model. However, we
were able to approximate the combined influence of those
covariates by investigating the association between depres-
sive symptom severity and PAF abundance in two indepen-
dent covariate-adjusted models, with the interpretation of our
findings based on these collective analyses. These findings
may have also been limited by relatively mild depressive
symptom severity among CAD patients meeting DSM-IV
depressive episode criteria, although the wide range of
depressive symptom severity on the HAM-D (3-20 points)
likely provided sufficient range for exploratory correlations
with PAF abundance. To that point, depressive symptoms
tend to be milder in those with CAD than in those with major
depressive disorder,* and as such, the studied population
was representative of depressive symptoms in CAD. Finally,
these findings are limited to PAFs derived from alkylacyl-
glycerophosphocholines; however, as mentioned, these are
highly abundant PAFs and are therefore appropriate for this
first-step exploration.

Future directions

The relationships between the identified PAFs and depressive
symptoms ought to be confirmed in a study of larger sample
size. It may also be advantageous to explore the relationships
between PAFs and depressive symptoms in CAD over time
using a repeated-measure analysis. Such an approach would
clarify the temporal relationship between PAFs and the
worsening or resolution of depressive symptoms.
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The association between depression and CAD is complex
and likely heterogeneous; various psychosocial factors®>**
and/or pathophysiological contributions from CAD?** are
among the numerous contributors to the onset of depressive
symptoms in those with CAD. However, current evidence
continues to support a role for etiopathology related to
aberrant inflammatory activity in the presence and persis-
tence of depression in CAD,”* with particular relevance
to the progressive neurodegeneration often associated with
persistent depression.” Thus, the preliminary results of this
study support the continued investigation of PAFs as a new
group of inflammatory mediators potentially contributing to
depressive symptoms in CAD patients. Additional mecha-
nistic models incorporating conventional inflammatory,
vascular, and genetic risk factors for depression in CAD may
be needed to confirm the relevance of PAFs. Should future
studies implicate PAFs as depressive symptom biomarkers
in CAD, the generalizability of PAFs to other patient popula-
tions, such as major depressive disorder, may be worthwhile
to investigate.

Conclusion

The findings of this study suggest that further investiga-
tion of PAF species, possibly the PAFs PC(0O-12:0/2:0),
PC(0-14:1/2:0), PC(0O-17:3/2:0), and PC(O-18:3/2:0), as
markers of depressive symptoms in CAD patients is war-
ranted. As PAFs are elevated in CAD, are important media-
tors of vascular pathology and neurodegeneration, and are
implicated in several of the leading mechanisms proposed to
underlie the association between depression and CAD, these
findings are potentially clinically relevant. Larger, longitudi-
nal studies of PAFs in depressed CAD patients may confirm
their relevance and elucidate their clinical utility.
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