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Abstract
Cross-sectional studies have found that individuals with depressive disorders or symptoms have
elevated levels of inflammatory markers predictive of coronary artery disease, including
interleukin-6 (IL-6) and C-reactive protein (CRP). Due to the paucity of prospective studies, however,
the directionality of the depression-inflammation relationship is unclear. We evaluated the
longitudinal associations between depressive symptoms and both IL-6 and CRP among 263 healthy,
older men and women enrolled in the Pittsburgh Healthy Heart Project, a 6-year prospective cohort
study. During the baseline and follow-up visits, participants completed the Beck Depression
Inventory-II (BDI-II) to assess depressive symptoms and underwent blood draws to quantify serum
IL-6 and CRP. Path analyses revealed that baseline BDI-II (β=.18, p <.01, ΔR2 =.02) was a predictor
of 6-year change in IL-6, even after adjustment for demographic, biomedical, and behavioral factors
as well as other negative emotions. Of all the factors examined, only body-mass index was a stronger
predictor of IL-6 change than depressive symptoms. In contrast to these results, baseline IL-6 did
not predict 6-year change in BDI-II. Evidence of a weak bidirectional relationship between BDI-II
and CRP was also observed; however, neither of these longitudinal associations was significant. The
present findings indicate that depressive symptoms may precede and augment some inflammatory
processes relevant to coronary artery disease among healthy, older adults. Therefore, our results
imply that depression may lead to inflammation and that inflammation may be one of the mechanisms
through which depression contributes to cardiovascular risk.
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Epidemiologic evidence indicates that depression may be a risk factor for coronary artery
disease (CAD), as both clinical depression and subthreshold depressive symptoms have been
found to predict incident disease (Suls and Bunde, 2005). Importantly, the predictive value of

Corresponding Author: Jesse C. Stewart, Ph.D., Department of Psychology, Indiana University-Purdue University Indianapolis, 402
North Blackford Street, LD 100E, Indianapolis, IN 46202. Phone: (317) 274-6761. Fax: (317) 274-6756. E-mail: jstew@iupui.edu.
Conflict of Interest Statement: All authors declare that there are no conflicts of interest.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Brain Behav Immun. Author manuscript; available in PMC 2010 October 1.

Published in final edited form as:
Brain Behav Immun. 2009 October ; 23(7): 936–944. doi:10.1016/j.bbi.2009.04.011.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



depression is similar to that of many traditional cardiovascular risk factors (Rozanski et al.,
2005), with relative risk ratios in the 1.5–2.7 range (Rugulies, 2002; Wulsin and Singal,
2003). Despite these findings, the mechanisms underlying this association are poorly
understood. In most previous studies, depression remained a significant predictor of CAD after
adjustment for known biological (e.g., hypertension) and behavioral (e.g., smoking) risk factors
(Rugulies, 2002; Wulsin and Singal, 2003), suggesting that other mechanisms are involved.

One physiologic factor that has received increased attention as a potential mechanism linking
depression with CAD is augmented inflammation. Several lines of evidence are consistent with
this possibility. First, atherosclerosis is now considered to be a chronic inflammatory disease
(Ross, 1999). Supporting this perspective is the emerging evidence that circulating levels of
the proinflammatory cytokine, interleukin-6 (IL-6), and the acute-phase reactant, C-reactive
protein (CRP), predict future cardiovascular events (Cesari et al., 2003; Luc et al., 2003;
Pearson et al., 2003; Pradhan et al., 2002; Ridker et al., 2000). Second, evidence from cross-
sectional studies indicates that depression and innate immune system activation co-occur.
Specifically, depressive disorders and symptoms have been linked with elevated basal levels
of IL-6 and CRP (Dentino et al., 1999; Kuo et al., 2005; Lutgendorf et al., 1999; Maes et al.,
1997; Miller et al., 2002b; Penninx et al., 2003; Ranjit et al., 2007), greater stimulated
production of proinflammatory cytokines (Anisman et al., 1999a, b; Lanquillon et al., 2000;
Maes et al., 1991; Suarez et al., 2003; Suarez et al., 2004), and larger IL-6 responses to acute
psychological stress (Pace et al., 2006). Third, although the existing literature is mixed, some
investigators have found that antidepressant treatment reduces circulating levels of
proinflammatory cytokines as well as decreases stimulated production of these proteins among
depressed patients (Kenis et al., 2002). Finally, biologically plausible pathways – including
hypothalamic-pituitary-adrenal (HPA) axis hyperactivity and autonomic nervous system
(ANS) dysfunction – have been proposed to explain how depression could affect inflammatory
processes (Kop and Gottdiener, 2005).

The aforementioned empirical evidence, however, is ambiguous with respect to the
directionality of the depression-inflammation relationship and, therefore, is also consistent
with another possibility – the macrophage theory of depression (Smith, 1991). According to
this theory, inflammation plays an etiologic role in the development of depression, perhaps by
altering neurotransmitter metabolism or HPA axis function (Raison et al., 2006). Other
evidence is also congruent with the macrophage theory. For instance, administering
proinflammatory cytokines to rats has been shown to induce sickness behavior, a syndrome
characterized by affective, cognitive, and behavioral changes (e.g., anhedonia, memory
deficits, decreased activity, social withdrawal, anorexia, and altered sleep patterns) similar to
the symptoms of depression (Dantzer et al., 2008). Research on humans complements these
animal findings, as treatment with interferon-α (a cytokine) and peripheral administration of
IL-6 have been shown to increase depressive symptoms (Spath-Schwalbe et al., 1998; Wichers
et al., 2002). Furthermore, recent results suggest that medications with anti-inflammatory
properties, such as cyclooxygenase-2 inhibitors (Muller et al., 2006) and tumor-necrosis factor
antagonists (Tyring et al., 2006), may reduce depressive symptom severity.

Because the directionality of the depression-inflammation relationship is presently unclear,
prospective data are needed to ascertain whether depression is a cause or a consequence of
augmented inflammation. Unfortunately, relatively few studies have examined longitudinal
associations between these factors (Boyle et al., 2007; Kiecolt-Glaser et al., 2003; Matthews
et al., 2007; van den Biggelaar et al., 2007), and only one investigation has simultaneously
evaluated both directions of this relationship (Gimeno et al., 2009). Therefore, to address this
gap in knowledge, we examined associations between depressive symptoms and two
inflammatory markers relevant to CAD, serum IL-6 and CRP, over a 6-year period in a sample
of healthy, older adults.
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Method
Participants

Participants were 263 men and women enrolled in the Pittsburgh Healthy Heart Project
(PHHP), a prospective study of healthy, community-dwelling adults aged 50–70 years. This
study was approved by the University of Pittsburgh institutional review board. Participants
provided written informed consent and were paid $700 for attending the baseline and 6-year
visits. Details regarding recruitment and inclusion/exclusion criteria are provided elsewhere
(Kamarck et al., 2007; Stewart et al., 2007). Although individuals with a history of chronic
disease generally were not recruited, persons with diabetes who were not taking insulin, those
with a history of cancer but no treatment in the past two years, and those with mild or moderate
rheumatoid arthritis were eligible. Two hundred ninety-six (64%) of the 464 enrolled adults
attended the 6-year visits, and 284 (96%) of these individuals had complete baseline and 6-
year IL-6 and CRP data. Consistent with recent recommendations (Pearson et al., 2003), we
excluded 21 participants who had CRP levels ≥ 10 mg/L. Table 1 shows the demographic
characteristics of the remaining 263 participants. Participants in the final sample were older
[t(462) = −2.86, p <.01], more educated [t(461) = −1.98, p =.05], and more likely to be white
[Χ2(1, N = 463) = 9.58, p <.01] than those not in the sample; however, group differences were
not observed for sex or for baseline depressive symptom severity, IL-6, or CRP.

Measures and Procedure
Data examined in this report were collected at the PHHP baseline and 6-year follow-up. At
baseline (1998–2000), participants attended 11 visits: a medical screen, seven visits for
ambulatory monitoring training and questionnaire assessments, one visit for reactivity testing,
and two visits for ultrasound assessments of subclinical cardiovascular disease. An average of
six years (M = 6.3, SD = 0.3) later, participants attended six follow-up visits, during which
they completed a medical update, questionnaire assessments, ambulatory monitoring training,
ultrasound assessments, and autonomic testing.

Depressive Symptoms—At the third baseline and follow-up visit, participants completed
the Beck Depression Inventory-II (BDI-II) (Beck, 1996) on a computer (see Table 1 for
descriptive statistics). The BDI-II is a widely used self-report measure of depressive symptom
severity and has been shown to have high internal consistency, test-retest reliability, and
construct validity (Beck, 1996; Dozois et al., 1998). Of note, participants were asked to rate
the severity of their depressive symptoms over the past week instead of over the past two weeks
(the usual time frame for the BDI-II). In addition to calculating the total score, we also
computed two subscale scores – a cognitive-affective score (sum of items 1–3, 5–9, 13, and
14) and a somatic-vegetative score (sum of items 4, 10–12, and 15–21) (Dozois et al., 1998).
BDI-II total score, cognitive-affective score, and somatic-vegetative score were each log
(Xi+1) transformed to reduce positive skew.

Inflammatory Markers—Blood was drawn between 8:00 AM-1:00 PM at the first baseline
and follow-up visit. Participants were instructed to fast and to avoid caffeine for 12 hours prior
to these visits. Blood samples, collected in tubes with no additives, were stored at room
temperature for 40 minutes and then were refrigerated until they were centrifuged within three
hours of collection to isolate serum. Serum aliquots were frozen at −70°C until the time of
assay. Baseline and follow-up serum samples were sent to the Laboratory for Clinical
Biochemistry Research at the University of Vermont. There, IL-6 was measured using ultra-
sensitive enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, MN), which
have a detection range of 0.16–12.0 pg/mL. The routine interassay coefficient of variation for
this method is 6.3% at the University of Vermont. CRP was measured with a BNII
nephelometer utilizing a particle-enhanced immunonephelometric assay (Dade Behring,
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Deerfield, IL). The detection range for this assay is 0.16–1100 mg/L, and the routine interassay
coefficient of variation is 5% at the University of Vermont.

Descriptive statistics for serum IL-6 and CRP are presented in Table 1. We excluded individuals
with serum CRP ≥ 10 mg/L (n = 21) at either assessment, because CRP levels above this value
may be due to recent infection or trauma and thus may not be indicative of chronic inflammation
(Pearson et al., 2003). In addition, we assigned persons with IL-6 levels above the upper
detection limit (n = 2 at baseline; n = 3 at follow-up) a value of 12.0 pg/mL and those with
CRP levels below the lower detection limit (n = 3 at baseline; n = 6 at follow-up) a value of
0.15 mg/L. Because IL-6 and CRP distributions were positively skewed, these variables were
log (Xi+1) transformed.

Other Factors—Several additional factors relevant to the present study were measured
during the baseline visits (see Table 1 for descriptive statistics). The following variables were
assessed at the medical screen via questionnaires and interviews: age (years), sex (0 = male, 1
= female), race-ethnicity (1 = white, 2 = black, 3 = Asian, 4 = Hispanic, 5 = other), education
level (1 = high school or less, 2 = technical school or some college, 3 = bachelor’s degree, 4
= master’s degree or higher), smoking status (0 = nonsmoker, 1 = current smoker), daily alcohol
intake, physical activity level, and history of various medical conditions (including diabetes
and rheumatoid arthritis). Race-ethnicity was coded as a binary variable (0 = white, 1 = non-
white) because only five participants selected the Asian, Hispanic, or other categories. Daily
alcohol intake (g/day) was calculated using the quantity-frequency method (Garg et al.,
1993). Physical activity level was computed by first converting the number of blocks walked
and stairs climbed per day reported on Paffenbarger Physical Activity Questionnaire
(Paffenbarger et al., 1978) to kilocalories per week and then summing these two values.

A blood pressure assessment, anthropometric measurements, and a blood draw were also
completed at the medical screen. Following the American Heart Association guidelines (Perloff
et al., 1993), three blood pressure readings were taken at 2-min intervals using a standard
mercury sphygmomanometer. Systolic (SBP) and diastolic blood pressure (DBP) were
computed by averaging the last two readings, and mean arterial pressure (MAP) was calculated
as DBP + (SBP − DBP)/3. Body-mass index (BMI) was computed as weight/height2 (kg/m2).
Standard assays were performed to assess high density lipoprotein (HDL) cholesterol (Warnick
and Albers, 1978) and triglycerides (Bucolo and David, 1973), and fasting serum glucose and
insulin were measured by standard colorimetry (Bondar and Mead, 1974) and
radioimmunoassay, respectively. For one participant, the glucose variable was set to missing
because the observed value (214.7 mg/dl) was extreme and disconnected from the distribution.

Participants completed additional computerized questionnaires to measure other negative
emotions. Specifically, the Beck Anxiety Inventory (BAI) (Beck, 1990) was administered at
the third baseline visit to assess severity of anxiety symptoms, and the Cook-Medley Hostility
(Ho) Scale (Cook and Medley, 1954) was administered at the fourth baseline visit to assess
hostility. Because one item of the Ho Scale was accidentally omitted, the value for this item
was imputed by taking the mean of the other items for each participant. We used the 27-item
version of the Ho Scale instead of the 50-item version because evidence suggests that it is a
stronger predictor of health outcomes (Barefoot et al., 1989). Both the BAI and Ho Scale posses
good psychometric properties (Barefoot et al., 1983; Shekelle et al., 1983; Smith and Frohm,
1985; Steer and Beck, 1997). The mean scores on the BAI and Ho Scale were 5.0 (SD = 4.8)
and 8.1 (SD = 4.1), respectively.

Triglycerides, fasting glucose, and fasting insulin were log transformed, daily alcohol intake
and BAI scores were log (Xi+1) transformed, and physical activity level was square root
transformed to reduce positive skew.
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Statistical Analysis
Preliminary Analyses—To characterize the nature of the cross-sectional relationships
among the factors of interest, we performed bivariate (i.e., Pearson) correlations among BDI-
II, IL-6, and CRP at baseline and at 6-year follow-up.

Primary Analyses—To simultaneously evaluate (a) baseline depressive symptom severity
as a predictor of change in inflammatory markers and (b) baseline inflammatory markers as
predictors of change in depressive symptom severity, we performed a series of path analyses
using LISREL 8.8 (Joreskog and Sorbom, 2008). Path analysis has several advantages over
traditional regression, including the ability to generate more accurate parameter estimates
because it is possible to predict multiple outcomes and handle missing data. To assess model
fit, we used two goodness-of-fit statistics (Steiger, 1990). The chi-square statistic measures the
absolute fit between the hypothesized model and the observed pattern of relationships among
measured variables. Because a non-significant chi-square statistic demonstrates that there is
no difference between the hypothesized and observed patterns of relationships, it indicates that
the hypothesized model is acceptable. The root mean square error of approximation (RMSEA)
statistic adjusts the estimate of absolute fit for the complexity of the hypothesized model.
Smaller values of RMSEA indicate better model fit, with values less than.06 representing
acceptable model fit (Hu and Bentler, 1999). Parameters were estimated by full information
maximum likelihood, which uses all of the observed data and is superior to traditional methods
of handling missing data (Enders, 2001).

Our primary analyses consisted of three path analytic models (see Figure 1A for the conceptual
model). First, a base model was created that included demographic variables (age, sex, race-
ethnicity, and education level) measured at baseline and BDI-II, IL-6, and CRP assessed at
both baseline and follow-up. All of the baseline variables were allowed to correlate with one
another, as were IL-6 and CRP at follow-up. Because we adjusted 6-year BDI-II, IL-6, and
CRP for the corresponding baseline level by including structural paths between these variables,
the follow-up variables represent residualized change scores (e.g., 6-year change in IL-6). We
also linked each demographic variable to each follow-up variable with a structural path, given
that the demographic factors are all plausible predictors of BDI-II, IL-6, and CRP change.
Finally, we included the structural paths of interest – (#1) from baseline BDI-II to IL-6 change,
(#2) from baseline BDI-II to CRP change, (#3) from baseline IL-6 to BDI-II change, and (#4)
from baseline CRP to BDI-II change.

Second, to rule out potential confounders as explanations for any of the observed depression-
inflammation relationships, we created a covariate model. This model was identical to the base
model except that baseline biomedical (MAP, BMI, HDL cholesterol, triglycerides, fasting
glucose, fasting insulin, diabetes, and rheumatoid arthritis) and behavioral (smoking status,
daily alcohol intake, and physical activity level) variables were included. Because all of these
control variables have been previously associated with IL-6 or CRP levels (Jenny et al.,
2002; Luc et al., 2003; Pearson et al., 2003; Ridker et al., 2000; Volpato et al., 2004), we linked
each of them to follow-up IL-6 and CRP with a structural path. All of the behavioral variables
(Hartka et al., 1991; Korhonen et al., 2007; Strawbridge et al., 2002) and only a subset of the
biomedical variables (BMI, diabetes, and rheumatoid arthritis) (Anderson et al., 2001; Dickens
et al., 2002; Roberts et al., 2003) were connected to follow-up BDI-II with a structural path,
given that MAP, HDL cholesterol, triglycerides, glucose, and insulin are not likely predictors
of BDI-II change in the presence of the other control variables.

Third, a full model was created that was identical to the covariate model except that we included
two additional baseline measures of negative emotion as control variables. This analysis was
performed to determine whether the observed depression-inflammation relationships were
independent of hostility and anxiety. Because measures of hostility and anxiety are at least
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moderately correlated with those of depression (Clark and Watson, 1991; Raynor et al.,
2002) and have been found to be positively related to inflammatory markers (Graham et al.,
2006; Pitsavos et al., 2006), we linked both BAI and Ho Scale to each of the follow-up variables.

Supplemental Analyses—We performed four sets of exploratory path analyses. One, to
rule out subclinical cardiovascular disease as a confounder, we included log transformed
carotid intima-media thickness at baseline (M = 0.77 mm, SD = 0.18 mm) in the full model as
a control variable (for details, see Stewart et al., 2007). In this analysis, we also included
incident cardiovascular disease (myocardial infarction, stroke/transient ischemic attack,
coronary artery bypass surgery, or angioplasty reported at follow-up but not at baseline) as a
control variable to determine whether further evaluation of it as a mediator of any observed
associations was warranted. Thirteen individuals (4.9%) were coded as “yes” on this variable.
Two, we repeated the full model after substituting BDI-II cognitive-affective and somatic-
vegetative subscale scores at baseline and follow-up for the corresponding BDI-II total scores.
Chi-square difference tests were conducted to determine whether the freely estimated models
(coefficients of paths #1–4 were estimated separately for the BDI-II subscales) yielded better
data-model fit than the constrained models (coefficients for the BDI-II subscales were set to
be equal). Three, because existing evidence suggests that the link between depression and
inflammation may be stronger among men than women (Ford and Erlinger, 2004), we
performed multi-group path analyses to evaluate whether sex was a moderator of any of the
observed relationships. Again, chi-square difference tests were conducted to determine
whether the data-model fit was better for the freely estimated models (coefficients of paths #1–
4 were estimated separately for men and women) than for the constrained models (coefficients
for men and women were set to be equal). Four, to determine whether 6-year changes in BDI-
II were associated with 6-year changes in IL-6 and CRP, we added structural paths between
follow-up BDI-II and IL-6 and between follow-up BDI-II and CRP to the full model.

Results
Preliminary Analyses

Bivariate correlations performed to examine the cross-sectional relationships among the factors
of interest revealed that BDI-II was not associated with IL-6 (r = −.01, p =.87) or CRP (r = −.
06, p =.36) at baseline. Similarly, 6-year BDI-II was not related to 6-year IL-6 (r =.03, p =.66)
or CRP (r =.05, p =.41). Consistent with previous findings (Cesari et al., 2003; Luc et al.,
2003), we observed moderate positive correlations between baseline IL-6 and CRP (r =.29,
p <.01) and between 6-year IL-6 and CRP (r =.39, p <.01).

Primary Analyses
We constructed three path analytic models to simultaneously evaluate baseline depressive
symptom severity as a predictor of 6-year change in inflammatory markers and vice versa. The
base model, which included demographic factors as control variables, showed close fit to the
data, χ2 (4, N = 263) = 1.70 (p =.79), RMSEA = 0.000 (see Figure 1B). The predictor variables
together explained 18%, 23%, and 27% of the variance in IL-6 change, CRP change, and BDI-
II change, respectively. Baseline IL-6, CRP, and BDI-II were each strongly and positively
related to their corresponding follow-up level (all ps < 0.0001). Of the demographic factors,
only sex (β = −.14, p =.02) and education level (β= −.15, p =.01) were predictors of IL-6 change,
as men and persons with lower education levels exhibited greater increases in IL-6 over the
follow-up interval than did women and those with higher education levels. None of the
demographic factors predicted CRP change or BDI-II change. Examination of the longitudinal
depression-inflammation paths (#1–4) revealed that baseline BDI-II was positively associated
with IL-6 change (β=.14, p = 0.01), accounting for 2% of the variance. Baseline BDI-II,
however, was not a predictor of CRP change (β=.09, p = 0.12). Similarly, neither baseline IL-6
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(β=.00, p = 0.98) nor CRP (β=.11, p = 0.06) were predictors of BDI-II; however, the latter
regression coefficient fell just short of statistical significance.

Like the base model, the fit statistics for the covariate model indicated close data-model fit,
χ2 (9, N = 263) = 8.59 (p =.48), RMSEA = 0.000 (see Figure 1C). Collectively, the biomedical
and behavioral control variables explained an additional 7% of the variance in IL-6 change,
5% in CRP change, and 2% in BDI-II change beyond that accounted for the base model
variables. Only BMI was a predictor of change in both IL-6 (β=.18, p =.01) and CRP (β=.14,
p =.03). In the presence of the biomedical and behavioral variables, education level (β= −.14,
p =.02) remained a predictor of IL-6 change but sex did not (β= −.13, p =.07). Baseline smoking
(β=.14, p =.01) was a predictor of BDI-II change; smokers displayed greater BDI-II increases
over time than did nonsmokers. Including the additional control variables in the model did not
change the pattern of results among paths #1–4. Baseline BDI-II remained a predictor of IL-6
change (β=.16, p = 0.01), explaining 2% of the variance, and the other three paths remained
nonsignficant (all ps >.13).

The full model also closely fit the data, χ2 (9, N = 263) = 9.89 (p =.36), RMSEA = 0.020, and
the pattern of results was similar to that of the base and covariate models (see Figure 1D). With
respect to paths #1–4, only the path from baseline BDI-II to IL-6 change (β=.18, p = 0.01) was
significant in the presence of BAI and Ho Scale, indicating that this relationship is independent
of other overlapping negative emotions. Once again, baseline BDI-II accounted for 2% of the
variance in IL-6 change. The other three paths remained nonsignficant, although the baseline
CRP to BDI change path again approached statistical significance (β=.11, p =.06). Of note,
neither baseline BAI nor Ho Scale was a predictor of IL-6 change (BAI: β= −.06, p =.38; Ho
Scale: β=.01, p =.84) or CRP change (BAI: β=.03, p =.69; Ho Scale: β = −.01, p =.83).

Supplemental Analyses
The first set of the exploratory analyses indicated that adjusting for baseline carotid intima-
media thickness and incident cardiovascular disease (neither of which were significant
predictors of IL-6 or CRP; all ps >.25) did not change the pattern of results among paths #1–
4 (data not shown). This finding rules out baseline subclinical cardiovascular disease as a
potential confounder and incident clinical cardiovascular disease as a possible mediator of the
observed depression-inflammation relationship. Results of the second set of analyses, in which
the BDI-II subscale scores were substituted for the total score, revealed that somatic-vegetative
subscale (β =.15, p =.03) was a significant predictor of IL-6 change, whereas the cognitive-
affective subscale (β=.08, p =.25) was not. A chi-square difference test, however, demonstrated
that these coefficients were not significantly different from each other, Δχ2 (1, N = 263) = 0.22
(p =.64). In addition, neither of the BDI subscales was a predictor of CRP change (both ps >.
24), and baseline IL-6 and CRP did not predict either somatic-vegetative subscale change or
cognitive-affective subscale change (all ps >.07). The chi-square difference tests for these paths
were all nonsignificant (all ps >.22), indicating that the coefficients for the BDI-II subscales
did not significantly differ. The third set of exploratory analyses indicated that sex was not a
moderator of any of the depression-inflammation relationships. Although the coefficients for
paths #1–4 were not identical for men and women, the nonsignificant chi-square difference
tests (all ps >.12) demonstrated that they did not vary significantly. Because our sample
included only 127 men and 136 women, however, this study may have been underpowered to
examine sex as a moderator. Results of the fourth set of analyses revealed that 6-year changes
in BDI-II were not associated with 6-year changes in IL-6 and CRP (all ps >.38).

Discussion
The findings we report in this sample of healthy, older adults are most consistent with the
notion that depression may lead to, rather than result from, augmented inflammation. Path
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analytic models revealed that greater depressive symptom severity at baseline was associated
with larger 6-year increases in serum IL-6, even after adjustment for demographic, biomedical,
and behavioral factors. Importantly, the magnitude of this relationship is not trivial; only one
of the control variables, BMI, was a stronger predictor than depressive symptoms. The observed
relationship also appears to be specific to depression (i.e., independent of anxiety and hostility)
and driven primarily by the somatic-vegetative symptom cluster. Contrasting with these results,
baseline IL-6 was not a predictor of 6-year change in depressive symptoms. We did observe
evidence of a weak bidirectional relationship between depressive symptoms and serum CRP
over time; however, these results should be interpreted with caution because neither direction
of this relationship was significant. Taken together, our findings suggest that depressive
symptoms may precede and augment some inflammatory processes implicated in the
pathogenesis of CAD among healthy, older adults. Thus, our findings are concordant with a
conceptual framework in which the effect of depression on CAD outcomes is mediated, in part,
by augmented inflammation (Kop, 1999). It should be noted, however, that recent studies have
found that inflammation accounts for only a small portion of the cardiotoxic effect of depression
(Vaccarino et al., 2007; Whooley et al., 2008), suggesting that multiple mechanisms are at
work.

Depression-related dysfunction in two systems that normally exert anti-inflammatory effects
could explain how depression might increase inflammatory activity over time, as was observed
in this study. Clinical depression and subthreshold depressive symptoms have both been linked
with hyperactivity of the HPA axis, as indicated by elevated glucocorticoid levels (Plotsky et
al., 1998; van Eck et al., 1996), and diminished activation of the parasympathetic nervous
system, as indicated by reduced heart rate variability (Carney et al., 2005; Thayer et al.,
1998). Although glucocorticoids do suppress inflammation in the short-term (Guyton and Hall,
2000), sustained elevations over time may bring about downregulation or desensitization of
the macrophage glucocorticoid receptors, which could result in blunted anti-inflammatory
responses to these hormones (Leonard, 2001; Miller et al., 2002a). Similar to glucocorticoids,
existing evidence indicates that parasympathetic activation also curbs inflammation (Tracey,
2002). As an example, recent investigations have shown that reduced heart rate variably is
associated with increased levels of IL-6 and CRP (Sajadieh et al., 2004; Sloan et al., 2007).

To our knowledge, five previous studies have evaluated prospective associations between
depression and inflammation: three examined the relationship from depression to future
inflammation (Boyle et al., 2007; Kiecolt-Glaser et al., 2003; Matthews et al., 2007), one
examined the relationship from inflammation to future depression (van den Biggelaar et al.,
2007), and one examined both directions of this association (Gimeno et al., 2009). Paralleling
our findings, Boyle and colleagues (2007) reported that a composite score – representing the
shared variance among depression, hostility, and anger – predicted 10-year increases in another
CAD-relevant inflammatory marker, the third complement protein (C3). It is worth noting that
secondary analyses revealed that each individual negative emotion predicted C3 change as
well. Similar to the current study, the relationship between the negative emotion composite
score and C3 was not present at baseline but instead emerged over time. Also consistent with
our observations, Matthews et al. (2007) did not detect an association between baseline
depressive symptoms and change in CRP over a 5-year period. Furthermore, Gimeno and
colleagues’ (2009) finding that the cognitive symptoms of depression did not predict 12-year
changes in IL-6 and CRP is in line with our BDI-II subscale analyses, in which we observed
that the somatic-vegetative subscale, but not the cognitive-affective subscale, predicted IL-6
change.

Kiecolt-Glaser et al. (2003), however, reported findings that contradict ours; they found that
baseline depressive symptom severity was not associated with 6-year change in IL-6. Of
relevance, these researchers administered the 13-item BDI (Beck and Beck, 1972), which
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primarily assesses the cognitive-affective symptom cluster (Beck et al., 1988). In addition to
this investigation, results of the two studies examining inflammatory markers as predictors of
future depressive symptoms conflict with our findings. Specifically, in the study conducted by
van den Biggelaar et al. (2007), baseline CRP and stimulated production of interleukin-1 beta
(IL-1β) were positively associated with 5-year change in depressive symptoms, although the
production of other proinflammatory cytokines (including IL-6) was not. Similarly, Gimeno
and colleagues (2009) found that baseline IL-6 and CRP were predictive of 12-year change in
the cognitive symptoms of depression; however, the effects were small (both βs = 0.046) and,
consequently, may only be detected in samples much larger than the present one.

In total, the available evidence suggests that relationship between depression and inflammation
is bidirectional and complex. Although our findings indicate that the depression-to-
inflammation link might be stronger than the inflammation-to-depression link, it seems likely
that the magnitude of either direction of this association may depend on other factors, such as
the depressive symptom clusters examined, the inflammatory markers assessed, and the
populations studied. For instance, our results, as well as those of Kiecolt-Glaser et al. (2003)
and Gimeno et al. (2009), suggest that the cognitive-affective symptoms of depression may be
weakly or not related to changes in IL-6 or CRP over time. Our findings additionally indicate
that the somatic-vegetative symptoms may be significantly related to longitudinal increases in
these inflammatory markers. Of note, because only the cognitive-affective symptoms of
depression were assessed in the two previous studies (Gimeno et al., 2009; Kiecolt-Glaser et
al., 2003), those results cannot help to evaluate this latter possibility. Considering the
mechanisms thought to account for the influence of depression on immune system function,
one might also expect depression to be a stronger predictor of inflammatory markers more
proximal to the HPA axis and the autonomic nervous system (e.g., proinflammatory cytokines)
than those more distal (e.g., acute-phase reactants). This is the pattern of results observed in
our sample, as well as in a recent meta-analysis of cross-sectional studies examining the
associations between depression and IL-1 (d = 0.35), IL-6 (d = 0.25), and CRP (d = 0.15)
(Howren et al., 2009).

With respect to the populations studied, it is possible that the inflammation-to-depression link
is stronger and, therefore, more likely to be detected in patient versus community samples.
Although van den Biggelaar and colleagues’ (2007) investigation was a population-based study
of adults aged 85 years and older, it is reasonable to characterize their cohort as a patient sample,
as approximately 85% of the participants had a history of chronic disease when arthritis is
included (Mass et al., 2009). In the other study that detected an inflammation-to-depression
association (Gimeno et al., 2009), the cohort consisted of generally healthy adults; however,
the effects of IL-6 and CRP on change in the cognitive symptoms of depression were small
(albeit significant due to the large sample size). Altogether, these findings raise the possibility
that the elevations in inflammatory markers observed among healthy adults (like the present
sample) may be too slight to induce measurable changes in depression, except in large samples.
This may not be the case among patients with chronic diseases. Examination of baseline CRP
levels of the existing studies supports this notion, as the level reported by van den Biggelaar
et al. (median = 4.0 mg/L) is more than twice that observed in Gimeno and colleagues’ study
(M = 0.8–0.9 mg/L) and in our investigation (M = 2.2 mg/L). Because these ideas are
speculative, future prospective studies of community and patient samples, with repeated
measures of both depressive symptom clusters and multiple inflammatory markers, are needed
to determine whether the depression-inflammation relationship is moderated by the
aforementioned factors.

Because little is known about predictors of longitudinal changes in inflammatory marker,
several results not central to our objective are worth noting. Of all the control variables, only
baseline BMI was a predictor of IL-6 and CRP change, which supports the notion that increased

Stewart et al. Page 9

Brain Behav Immun. Author manuscript; available in PMC 2010 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



body mass promotes systemic inflammation (Visser et al., 1999). Consistent with a recent
review (Nazmi and Victora, 2007), we also found that education level, a marker of
socioeconomic status, was inversely associated with IL-6 change. We were surprised by the
number of nonsignificant paths, given that all of the selected biomedical and behavioral factors
had been previously associated with IL-6 or CRP levels in cross-sectional analyses. The lack
of longitudinal associations for most of these factors raises the possibility that some may be a
consequence of inflammation instead of a cause. Similar to our results, Kiecolt-Glaser and
colleagues (2003) reported that factors cross-sectionally associated with inflammatory markers
(e.g., gender and ethnicity) did not predict 6-year change in IL-6. Unlike the present study,
however, these researchers found that alcohol consumption was positively related and exercise
was inversely related to IL-6 change. We also found that baseline carotid intima-media
thickness was not a predictor of IL-6 or CRP change. This finding is inconsistent with the risk
marker model (Pearson et al., 2003), which proposes that basal inflammatory marker level
merely reflects the extent of underlying atherosclerosis.

Although our investigation has many strengths, such as the longitudinal design and the
simultaneous evaluation of both directions of the depression-inflammation relationship, there
are some important limitations. First, because our sample consisted of healthy volunteers, the
range of BDI-II scores was somewhat restricted, which may have resulted in the
underestimation of effect sizes of the relationships involving depression. Second, we obtained
only a single measurement of depressive symptoms and each inflammatory marker at baseline
and follow-up. Due to the within-person variation of depressive symptoms (Beck et al.,
1988) and inflammatory markers (Sakkinen et al., 1999), the reliability of our baseline and
follow-up estimates would have been enhanced had we obtained and averaged two separate
measurements at both time points (Pearson et al., 2003). However, in many of the
epidemiologic studies demonstrating a link between depressive symptoms or inflammatory
markers and cardiovascular risk, estimates of baseline level were also based on just one
measurement (Cesari et al., 2003; Luc et al., 2003; Pradhan et al., 2002; Ridker et al., 2008;
Suls and Bunde, 2005). Third, we included only two waves of data, baseline and 6-year follow-
up, in our analyses. In the PHHP, depressive symptoms and inflammatory markers were also
assessed at a 3-year follow-up. Unfortunately, due to a clerical error, the BDI-II instructions
given at year three (rate your symptom severity during the past two weeks) were not identical
to those given at the baseline and year six (rate your symptom severity during the past week).
Although including a third wave of data is preferable in most situations, in this instance it
would have reduced our confidence in the results, given that we would have been unable to
determine whether changes in depressive symptom severity from baseline to year three and
from year three to year six were due to true growth or a modification to the scale. Finally,
because our sample consisted of only 35 (13.3%) non-white adults, our findings may not
generalize to other racial or ethic groups.

In summary, we have shown that depressive symptoms precede and predict subsequent
increases in serum IL-6, a CAD-relevant inflammatory marker, among healthy, older adults.
Our results imply that (a) depression may lead to augmented inflammation and that (b)
inflammation may be one of the mechanisms that accounts for the deleterious effect of
depression on cardiovascular health. The present findings also lead us to speculate that anti-
inflammatory approaches may be an effective avenue to reduce the excessive CAD morbidity
and mortality of individuals with clinical depression or elevated depressive symptoms.
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Figure 1.
Models of the longitudinal associations between depressive symptoms and CAD-relevant
inflammatory markers. A, Conceptual model. The four structural paths of interest are (#1) from
baseline Beck Depression Inventory (BDI-II) to interleukin-6 (IL-6) change, (#2) from baseline
BDI-II to C-reactive protein (CRP) change, (#3) from baseline IL-6 to BDI-II change, and (#4)
from baseline CRP to BDI-II change. B, Results of the base model. Values associated with
unidirectional arrows (structural paths) are standardized regression coefficients; values
associated with bidirectional arrows (correlations) are Pearson correlation coefficients. Paths
with significant coefficients are solid, whereas paths with nonsignficant coefficients are
dashed. C, Results of the covariate model. D, Results of the full model. N = 263 for all models.
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Table 1
Characteristics of Participants (N = 263)

Demographic Factors

 Age (years) 61.0 ± 4.8

 Sex, % female 51.7

 Race-ethnicity, % nonwhite 13.3

 Education level, % high school or less 22.1

Biomedical Factors

 MAP (mmHg) 96.4 ± 9.6

 BMI (kg/m2) 27.4 ± 4.3

 HDL cholesterol (mg/dl) 55.0 ± 15.4

 Triglycerides (mg/dl) 138.8 ± 79.0

 Fasting glucose (mg/dl) 92.0 ± 11.2

 Fasting insulin (μU/ml) 11.2 ± 4.4

 History of diabetes, % 1.1

 History of rheumatoid arthritis, % 3.4

Behavioral Factors

 Smoking status, % current smokers 5.7

 Daily alcohol intake (g/day) 6.2 ± 9.4

 Physical activity level (kilocalories/week) 969.5 ± 823.3

Negative Emotions

 Baseline BDI-II (range: 0–63) 3.8 ± 3.9

 6-Year BDI-II (range: 0–63) 5.2 ± 5.2

Inflammatory Markers

 Baseline Serum IL-6 (pg/mL) 1.8 ± 1.6

 6-Year Serum IL-6 (pg/mL) 2.7 ± 2.0

 Baseline Serum CRP (mg/L) 2.2 ± 1.9

 6-year Serum CRP (mg/L) 1.5 ± 1.5

Note. Values are means ± standard deviations for continuous variables and percentages for categorical variables. MAP = mean arterial pressure. BMI =
body-mass index. HDL = high-density lipoprotein. BDI-II = Beck Depression Inventory-II. IL-6 = interleukin-6. CRP = C-reactive protein.
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