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Abstract

Background— Major depressive disorder (MDD) shows increased coronary artery disease (CAD)
risk of unknown mechanism(s). MDD is more common in women than men; CAD diagnosis can be
difficult in women. Elevations of the inflammatory markers C-reactive protein (CRP) and serum
amyloid A (SAA) predict increased CAD risk in populations; few data on these markers exist in
MDD, particularly in remitted patients.

Methods— We measured fasting am serum CRP (high sensitivity, CRPys) and SAA in 18
unmedicated, remitted women with MDD (mean age 41+ (SD)12, body mass index (BMI) 25.2 +
4.1 kg/m?) and 18 BMI-matched healthy control subjects (age 36 + 10, BMI 25.3 + 3.8 kg/m?2) on 2
separate occasions, > 6 days apart.

Results— Repeat SAA and CRPyg measurements strongly correlated across study days (SAA:r =.
83, p<.001; CRPyg: r = .94, p < .001). Both SAA (5.30 + 3.39 vs. 2.84 + 1.87 mg/L, p < .005) and
CRP}5(3.23£3.17vs.1.12 + 1.45 mg/L; p <.01) were significantly elevated in MDD women versus
controls.

Conclusions— Elevated SAA and CRPyg in remitted, unmedicated women with MDD indicate a
pro-inflammatory state unrelated to current depressive symptoms or pharmacotherapy. These
findings suggest that inflammatory mechanisms may in part underlie findings of increased CAD risk
in MDD.
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Numerous studies have now shown that depressive disorders are associated with an increased
risk of coronary artery disease (CAD), independent of smoking, hypertension, and other
potentially confounding risk factors for poor health (Lett et al 2004; Wulsin 2004). However,
information is limited regarding biologic mechanisms or risk factors accounting for this
association between major depressive disorder (MDD) and CAD. Such information would be
important for screening patients with MDD for increased CAD risk, in order that intervention
strategies to mitigate this risk could be considered. Such strategies are routinely employed in
clinical medicine, including screening patients for evidence of modifiable risk factors for CAD.
For example, hypertension, frank or incipient diabetes, and dyslipidemia can be treated with
antihypertensives, oral hypoglycemics and/or insulin sensitizers, and statins, respectively; in
addition, all of these risk factors can be modified by lifestyle changes such as dietary
modifications and regular exercise.

Major depressive disorder is twice as common in women as in men (Kessler et al 1994)
Coronary artery disease, although more common in men, can be more difficult to diagnose in
women (Mosca et al 1997). Thus, biological markers of CAD risk may be particularly valuable
in women with MDD for identifying those at increased risk and in whom closer follow-up or
more aggressive preventive measures are warranted.

Elevated serum levels of inflammatory markers have been shown to predict CAD outcomes
(Choudhury and Leyva 1999; Delanghe et al 2002; Morrow and Ridker 2000; Morrow et al

2000). These elevations are believed to reflect the important role of chronic inflammation in
the progression of atherosclerotic lesions (Murtagh and Anderson 2004).

Acute phase proteins (APP) are important inflammatory mediators of the innate immune
system, and are implicated as both risk markers and pathogenetic factors in CAD (Kisilevsky
and Tam 2002; Rattazzi et al 2003) Although APPs were initially identified because of their
role in acute inflammatory responses to microbial agents or products, they are often persistently
elevated above baseline levels during chronic inflammatory processes, unrelated to infections
(Chait et al 2005).

C-reactive protein (CRP) and serum amyloid A (SAA) are the earliest and most robustly-
responding of the APPs, making them the most sensitive known markers of acute phase
responses to inflammatory stimuli (Gabay and Kushner 1999). During acute responses to
infectious agents, levels of CRP and SAA can be elevated a thousand-fold over baseline (Gabay
and Kushner 1999) However, low-grade elevations in basal levels of these mediators, assessed
in the absence of an acute infection or other inflammatory stimulus, are predictive of CAD
outcomes in multiple studies (Choudhury and Leyva 1999; Delanghe et al 2002; Johnson et al
2004; Morrow and Ridker 2000; Morrow et al 2000) These predictive effects are believed to
reflect active participation of these mediators in chronic inflammatory processes contributing
to the progression of atherosclerotic lesions (Murtagh and Anderson 2004). Hence, CRP has
many pro-inflammatory effects and is a sensitive marker of ongoing inflammation (Chait et al
2005; Pepys and Hirschfield 2003) SAA is an apolipoprotein that, when incorporated into high-
density lipoproteins (HDL), renders them atherogenic rather than atheroprotective (Chait et al
2005; Kisilevsky and Tam 2002).

Recent studies have shown elevation of CRP (Lanquillon et al 2000; Miller et al 2002; Penninx
et al 2003) in association with current depressive symptoms. However, it is not clear whether
such changes also occur in individuals with MDD who are symptomatically recovered from
depressive episodes for extended periods. Identification of a sustained, state-independent low-
grade pro-inflammatory state in symptomatically remitted MDD patients would have important
pathophysiologic implications for the increased CAD risk in MDD and suggest treatments that
otherwise might not be considered, such as agents with anti-inflammatory actions. Indeed,
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there is evidence that several of the classes of agents known to reduce CAD risk, including
aspirin, statins, and the insulin-sensitizing thiazolidinedione drugs, may act in part by reducing
inflammatory responses that contribute to atherosclerotic plague development (Jain and Ridker
2005; Plutzky 2003).

In this study, we have examined serum levels of SAA and CRP, in a rigorously selected group
of women with a lifetime MDD diagnosis, studied while in clinical remission and not taking
medications, and a group of healthy women matched by BMI who served as control subjects.
Matching by BMI was considered to be critical for this study given the tendency of SAA and
CRP to vary with BMI in previous studies (Tracy 2001), particularly in women (Johnson et al
2004; Thorand et al 2006) We hypothesized that serum SAA and CRP might be elevated to
clinically important levels in our remitted, unmedicated female patients with MDD, and as
such would provide evidence for a sustained mechanism contributing to increased CAD risk
in MDD.

Methods and Materials

Participants

Eighteen women (mean age 41 £ (SD) 12 years; mean body mass index [BMI] 25.2 + 4.1 kg/
m?2) with MDD in remission after at least 2 prior episodes, and off psychotropic medications
for > 3 months, and 18 individually BMI-matched (within + 2 kg/m?) healthy control subjects
(HCS:; age 36 + 10 years; mean BMI 25.3 + 3.8 kg/m?) were included in the study. Two of the
MDD patients and 4 control subjects identified themselves as African-American; the remaining
subjects were self-identified as Caucasian, of whom 1 patient and 3 controls were self-identified
as Hispanic. Patients and controls were recruited from the greater Washington, DC
metropolitan area through newspaper and radio advertisements; respondents passing a
telephone screen for eligibility were evaluated in the National Institute of Mental Health
(NIMH) outpatient clinic at the National Institutes of Health (NIH) Clinical Center in Bethesda,
Maryland. All subjects gave written, informed consent for participation in the study, which
was conducted under protocols approved by the NIMH Institutional Review Board, after
having the study explained to them in detail and having an opportunity to ask questions of the
investigator.

Diagnosis was based on the Structured Clinical Interview for DSM-1VV-Nonpatient Version
(SCID-I-NP) with Past History of MDD addendum. Remission was defined by a period of at
least 3 months prior to enrollment during which the patient did not take an antidepressant agent
and had 24-item Hamilton Depression Rating Scale (HDRS) scores < 8. HCS had no personal
(by SCID-I-NP) or family (first-degree relatives) history of psychiatric disorders. SCID and
Hamilton interviews were conducted by mental health professionals (a mental health nurse and
a psychologist) with extensive clinical and research experience who participated in an ongoing
program of rater quality assurance and inter-rater reliability monitoring under the NIMH Mood
and Anxiety Disorders Program. All participants were free of potentially confounding illnesses
on the basis of history and results of physical examination, electrocardiography, and routine
laboratory tests, including liver and kidney function tests, hematologic profile, thyroid function
tests, urinalysis, and toxicology. Pregnant and nursing women were excluded. All subjects
were nonsmokers, and none of the subjects was taking medication for treatment or prevention
of a medical condition. Premenopausal women were studied during the follicular phase of the
menstrual cycle, rigorously determined as previously described (Neumeister et al 2004).

Patients were studied on two separate occasions, at least six days apart. The median interval
between sampling days was 15 days (interquartile interval, 10-25 days). Blood samples were
obtained between 0800-0900 hours after an overnight fast. No subject showed evidence of
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infection or any inflammatory condition, including fever or symptoms of malaise, at the time
of blood sampling.

Laboratory Measures

Serum SAA and CRP (high sensitivity, CRP}s) were measured by immunonephelometry using
a BN Il automated analyzer (Dade Behring, Newark, Denmark). Detection limits (DL) are .72
mg/L for SAA and .16 mg/L for CRPy Inter-assay coefficients of variation (CVs) were 7.5%
at a mean of 13.6 mg/L (n = 22) for SAA, and 5.3% at a mean of 14.2 mg/L (n =17) and 2.7%
at a mean of 53.1 mg/L (n = 6) for CRP}s. Specimens were coded so that laboratory personnel
were blinded to subjects’ diagnosis and other identifying characteristics, but paired samples
from a given subject were analyzed in the same batch. Results below the DL were assigned
the value of the DL for computational purposes. This occurred in 4 of the CRP,s measurements,
all in HCS. All values for SAA were above the DL.

Subjects also underwent 24-hour urine collections for urinary free cortisol (UFC) determination
prior to both study days. Urinary free cortisol was measured by chemiluminescence
immunoassay on an automated analyzer (Nichols Advantage, San Juan Capistrano, California).

Statistical Analyses

Results

Pearson correlations were first calculated for SAA and CRPyg across the two test dates for all
participants. Once found to be highly reproducible across the two test dates (see Results), means
of the values from these dates were used in subsequent analyses. Discrepancies between SAA
and CRPy,¢ values on different test days were taken to represent day-to-day variation and were
not repeated.

To improve suitability for parametric statistics, SAA and CRPy,q data were log transformed.
Results obtained with log-transformed data were similar to those obtained using raw data (see
Results). Because subjects were individually BMI-matched, comparisons of SAA and CRPyg
between diagnostic groups were performed with paired t-tests. We also conducted chi-square
tests of the frequency of subjects in intermediate and high cardiac risk categories defined in
previous studies, using cutoffs of 4 and 8 mg/L for SAA (Johnson et al 2004) and 1 and 3 mg/
L for CRP (Willerson and Ridker 2004) for intermediate and high risk, respectively.

The relationship of SAA and CRPyg to each other, and that of each analyte with age, were
assessed with Pearson correlations. All tests were evaluated at p < .05, two-tailed. All means
in figures are those of raw values. The SPSS version 13.0.1 software package (SPSS Inc.,
Chicago, Illinois) was used for all analyses.

The mean age between subject groups did not differ significantly (paired |t| = 1.37, df = 17,
p =.19). The differences in ethnic composition of the 2 groups did not differ significantly. The
mean 24-item HDRS score was .76 .96 (mean + SD; range: 0-4) in the MDD women, and .
39 + .5 (range: 0-2) in controls.

Within-subject correlations for SAA and CRPy levels between the two sampling dates were
robust (SAA: r = .83, p <.001; CRPys: r =.94, p <.001). In addition, the absolute values of
these measures did not differ across the 2 determinations by paired t-tests (SAA: t = 1.12, df
=48, p=.27; CRP: t=.77, df = 48, p = .44). Based on these findings, subsequent analyses of
SAA and CRPy,¢ were conducted on the mean value for each subject across the two
determinations.
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Fasting morning SAA levels in the MDD women were significantly elevated compared with
HCS (mean + SD: 5.30 + 3.39 mg/L vs. 2.84 + 1.87 mg/L; |t| = 3.27; df = 17; p < .005) (Figure
1). This difference remained significant using the log-transformed values (|t| = 3.52; df = 17;
p <.005). Using cutoffs of 4 and 8 mg/L for intermediate and high risk, respectively, for future
CAD (Johnson et al 2004), 7/18 MDD patients versus 1/18 HCS had values of at least

intermediate risk, and 4/18 MDD patients versus 1/18 HCS had values corresponding to high
cardiac risk. These differences were significant by chi-square test (x2 = 9.82, df = 2, p < .01).

Serum CRPps was also significantly elevated in the MDD women (3.23 + 3.17 mg/L) versus
HCS (1.12 £ 1.45 mg/L) (|t| = 2.90; df = 17; p < .01) (Figure 2). This difference remained
significant using the log-transformed values (|t| = 2.94; df = 17; p < .01). Using cutoffs of 1
and 3 mg/L for intermediate and high CAD risk (Willerson and Ridker 2004), respectively,
4/18 MDD patients versus 3/18 HCS had values of at least intermediate risk, while 8/18 versus
2/18 HCS showed values corresponding to high cardiac risk, respectively. These differences
were significant by chi-square test (y= = 6.32, p < .05). No systematic differences in patient
characteristics could be identified between those with SAA or CRPy,¢ values in the higher versus
lower risk categories.

Differences between subject groups in SAA and CRPyg levels were not attributable to racial
or ethnic differences between pairs of subjects.

There was a nonsignificant positive relationship between SAA and CRPyg in the MDD patients
(r = .38, p =.12), which was less robust in the HCS (r = .29, p > .2).

Neither SAA nor CRPy,s was correlated with age either overall or by diagnostic group (all r
values < .1, p > .2). Also, ethnic differences between subject pairs did not influence the group
differences in SAA and CRPy levels (data not shown).

Mean 24-hour UFC excretion did not differ between the remitted unmedicated MDD patients
(mean 45.0 + 16.0 ug/d) and the healthy controls (mean 40.7 + 19.9 ug/d; paired |t| = .65, p > .
2). Neither SAA (r =.02, p > .2) nor CRPy (r = .14, p > .2) was significantly correlated with
mean 24-hour UFC.

Discussion

Serum SAA was increased significantly and, on average, by over 86% in the group of remitted,
unmedicated MDD women versus BMI-matched control subjects. Serum CRPs was increased
significantly and by an average of almost three-fold in these patients. The proportion of women
at high risk for future CAD, on the basis of established cut-off values for SAA and CRP, was
4 times higher in MDD women than in controls. These differences were based on two separate
determinations showing high test-retest reliability, indicating their stability over time.
Measurements were done with an automated system that minimizes human error, reducing
intra- and interassay variability, and were done in a blinded fashion.

These findings are unlikely to represent artifacts of BMI or phase of the menstrual cycle, and
cannot be attributed to a transient effect of a current depressive episode. Given that the patients
had been off psychotropic medications for at least three months prior to study, it is also difficult
to attribute these findings to an effect of antidepressant medications, although a long-term
effect of such medications cannot be ruled out. The MDD patients were slightly, but not
significantly older on average than the control subjects; moreover, there was no significant
correlation between age and either SAA or CRPy,, analyzing either in the combined sample or
by study group. Thus, these elevated levels of SAA and CRPy,q are also unlikely to be secondary
to an age effect. As expected given their clinically remitted status, hypercortisolism was not
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present in the patients compared with controls, and there was no evidence of a significant
association between 24 hour urinary free cortisol and serum levels of either SAA or CRPyg.

Elevations of CRP and, in one study, SAA, have been previously reported in actively depressed
individuals (Lanquillon et al 2000; Miller et al 2002; Panagiotakos et al 2004; Penninx et al
2003). In some of these studies (Lanquillon et al 2000; Miller et al 2002), diagnosis was made
using structured interviews; others (Panagiotakos et al 2004; Penninx et al 2003) utilized self-
report measures of depressive symptoms. These studies did not utilize individually BMI-
matched controls, as was done in the present study. The degree of elevation of CRP versus
control levels varied in these previous studies from 40% (Lanquillon et al 2000; Miller et al
2002) to about 2.8-fold (Lanquillon et al 2000; Miller et al 2002); in the one prior study of
SAA (Panagiotakos et al 2004; Penninx et al 2003), a population-based survey, women with
severe depression (defined by a score of > 70 on the Zung Depression Rating Scale) showed
37% higher SAA levels than women who were classified as “normal” based on a Zung score
of < 50. Thus, the degree of elevation in CRP and SAA in the present study of remitted,
unmedicated women with MDD was comparable to or greater than those reported in previous
studies of actively depressed individuals.

Our findings indicate that elevation of CRP is not confined to the depressive state, and indicate
that SAA isalso increased during sustained remission of MDD. These data suggest the presence
of a persistent pro-inflammatory state in women who have clinically recovered from depressive
episodes and have discontinued antidepressant medications for several months or more.

Our results do not allow conclusions as to whether elevated SAA and CRP in unmedicated
remitted patients is a consequence of prior depressive episodes, or represents a shared
vulnerability to CAD and MDD. Studies of individuals at high risk for development of MDD,
but who have not yet manifested the depressive phenotype, would help to address this question.

The elevation of both SAA and CRP, the two most robustly-responding APPs, in female MDD
patients may indicate that a common pro-inflammatory stimulus is influencing these two
mediators in MDD. One candidate for such a factor is interleukin-6 (IL-6), a systemically
secreted, pro-inflammatory cytokine. We (Alesci et al 2005) and others (Brambilla and
Maggioni 1998; Maes et al 1995, 1997; Miller et al 2002; Motivala et al 2005; Penninx et al
2003) have reported elevated IL-6 during active depressive states or in early remission of MDD.
IL-6 stimulates the production of both SAA (Uhlar and Whitehead 1999) and CRP (Pepys and
Hirschfield 2003); thus, elevation of APPs may represent a sustained consequence of IL-6
activation associated with depressive episodes.

CRP and SAA are not simply surrogate biochemical markers of CAD risk, but play important
roles during inflammatory responses Although both likely confer survival value by their roles
in the response to acute infection or tissue injury, more sustained, low-grade elevations in these
mediators are proposed to participate in the chronic inflammatory process leading to
progression and/or rupture of atherosclerotic lesions (Kisilevsky and Tam 2002; Pepys and
Hirschfield 2003) Both CRP and SAA are found in the walls of arterial plaques and inflamed
endothelial linings. Moreover, SAA functions as an apolipoprotein for HDLs that modulates
“reverse” cholesterol transport, with the net effect of reducing cholesterol retrieval by HDL
from most tissue sites other than macrophages (Kisilevsky and Tam 2002). Thus, these
mediators may directly participate in the pathogenic process of CAD.

The elevation of both SAA and CRP reported here is of interest given possible differential
tissue origins of these mediators. Thus, CRP derives mainly from liver, while recent data
suggest a greater derivation of SAA in humans from visceral fat than from liver (Poitou et al
2005; Sjoholm et al 2004; Yang et al 2004) Thus, secretion of inflammatory mediators by
visceral fat may play arole in the CAD risk associated with MDD in addition to increased CRP
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production by the liver in response to pro-inflammatory signals. The relatively low
concordance rate between elevated SAA and CRP in our study subjects may reflect their distinct
origin and suggests the need for further studies of both of these mediators in MDD.

Our findings support the premise that MDD is associated with clinically significant systemic
manifestations, even following remission of depressive symptoms. The presence of a persistent
pro-inflammatory state may contribute to the increased CAD risk associated with MDD (Lett
etal 2004; Wulsin 2004) We thus propose that further studies be conducted to: 1) confirm these
findings in larger and more diverse samples of patients with MDD; 2) examine whether our
observations extend to men as well as women with MDD; 3) explore their biological
determinants and relationship to other known CAD risk factors; and 4) examine their clinical
implications for CAD risk in both cross-sectional and longitudinal studies Should these
findings be confirmed and found to have value in predicting increased CAD risk, MDD patients
manifesting pro-inflammatory risk markers may be candidates for preventive therapies such
as drugs with anti-inflammatory actions including aspirin statins or other agents (Jain and
Ridker 2005; Plutzky 2003) to reduce their likelihood of developing clinically significant CAD.
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Figure 1.

Serum amyloid A (SAA) levels in serum of remitted, unmedicated women with major
depressive disorder (MDD) versus body mass index (BMI)-matched female healthy control
subjects (HCS). Points represent the mean of two fasting am SAA levels obtained on two
different dates, at least six days apart, in 18 MDD women and 18 HCS. Horizontal bars
represent group means. * p < .005 versus controls by paired t-test.
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Figure 2.

Serum C-reactive protein (CRP) levels in remitted, unmedicated women with major depressive
disorder (MDD) versus body mass index (BMI)-matched female healthy control subjects
(HCS). Points represent the mean of two fasting am CRP levels obtained on two different dates,
at least six days apart, in 18 MDD women and 18 HCS. Horizontal bars represent group means.
** p < 01 versus controls by paired t-test.
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