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Abstract
Light to moderate alcohol consumption and leisure time physical activity (LTPA) are
independently associated with lower levels of high sensitivity C-reactive protein (CRP), a
predictor of cardiometabolic risk. In contrast, depression, ranging from low mood disturbance to
major depressive disorder, has been associated with elevated CRP. To test the hypothesis that
depression attenuates the anti-inflammatory effects of LTPA and alcohol consumption, the current
study tested the moderating effect of severity of depressive symptomatology on the relation of
alcohol consumption and LTPA to CRP in 222 healthy adult men and women (18–65 years of
age). Given the known effects of gender on inflammation, we also examined the effects of gender
on the tested interactions. Depression was assessed using the Beck Depression Inventory.
Frequency of alcohol consumption, hours of LTPA per week and other coronary risk/protective
factors were assessed via self-report and structured interview. Fasting blood samples were used to
measure CRP and lipids. As predicted, the interaction between LTPA and depressive
symptomatology was significant (F = 5.29, p < .03) such that lower CRP was associated with the
combination of decreased depressive symptomatology and increased LTPA. Among those with
increased depressive symptoms, increased LTPA was not associated with higher CRP. Similarly,
depression interacted with alcohol consumption in predicting CRP in men but not women (F =
5.03, p < .008) such that for men light to moderate alcohol consumption was associated with lower
CRP but only among those with decreased depressive symptoms. Light to moderate alcohol
consumption was not associated with lower CRP in those with increased depressive symptom
severity. The pattern of the interactions between anti-inflammatory activities such as light to
moderate alcohol consumption and LTPA and psychological distress as indexed by severity of
depressive symptomatology suggests an important new avenue for future research.
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Introduction
Lifestyle factors such as leisure time physical activity (LTPA) and light-to-moderate alcohol
consumption are associated with lower risk of cardiovascular disease (CVD) and type 2
diabetes (T2D) (Blair et al., 1989; Brien, Ronksley, Turner, Mukamal, & Ghali, 2011;
Dunkley et al., 2012; Fagard, 1993; Golbidi & Laher, 2012; Joosten et al., 2010; Kelley,
Kelley, Roberts, & Haskell, 2012a, 2012b; Lee & Skerrett, 2001; Oguma & Shinoda-
Tagawa, 2004; Okada et al., 2010; Paffenbarger, Hyde, Wing, & Hsieh, 1986; Pietraszek,
Gregersen, & Hermansen, 2010; Ronksley, Brien, Turner, Mukamal, & Ghali, 2011;
Umpierre et al., 2011). It is believed that the benefits of LTPA and moderate alcohol
consumption on reducing risk reflect improvements in cardiometabolic risk factors. Thus,
LTPA and moderate alcohol consumption have been associated with lower blood pressure
(Fagard, 1993), improved lipid and lipoprotein profile (Brien et al., 2011; Kelley et al.,
2012a), reduced coagulation and platelet aggregation (Brien et al., 2011) and improved
insulin sensitivity (Pietraszek et al., 2010).

Researchers have shown that LTPA and alcohol consumption also reduce inflammation. In
cross-sectional, longitudinal and experimental studies, LTPA (Kasapis & Thompson, 2005;
Panagiotakos, Pitsavos, Chrysohoou, Kavouras, & Stefanadis, 2005) and moderate alcohol
consumption (i.e., 1–2 drinks/day) are associated with lower levels of high-sensitivity C-
reactive protein (hsCRP) (Kelley & Kelley, 2006; Michigan, Johnson, & Master, 2011;
Raum, Gebhardt, Buchner, Schiltenwolf, & Brenner, 2007), an acute-phase protein that
predicts future risk of CVD (Ridker, 2001; Ridker, Buring, Shih, Matias, & Hennekens,
1998; Ridker, Hennekens, Buring, & Rifai, 2000; Zairis et al., 2004) and T2D (Han et al.,
2002; Thorand et al., 2007). While CRP is a non-specific marker of inflammation (Saito et
al., 2003), evidence suggests that it plays an active role in the pathogenesis of atherosclerotic
plaque formation (Du Clos, 2000; Ishikawa et al., 2004) through its facilitation of low
density lipoprotein (LDL) cholesterol absorption (Zwaka, Hombach, & Torzewski, 2001),
recruitment of monocytes to arterial wall (Pasceri, Willerson, & Yeh, 2000) and reduction of
vasoreactivity (Silva & Pais de Lacerda, 2012). Such effects have led some to suggest that
CRP is not only a surrogate biomarker for disease risk but also a mediator in disease
pathophysiology (Verma & Yeh, 2003).

In contrast to the beneficial effects of LTPA and moderate alcohol consumption, depression
and its defining symptoms are prospectively associated with an increased risk of both CVD
(Khan, Kulaksizoglu, & Cilingiroglu, 2010; Lippi, Montagnana, Favaloro, & Franchini,
2009; Nemeroff & Goldschmidt-Clermont, 2012) and T2D (Brown, Majumdar, Newman, &
Johnson, 2005; Carnethon et al., 2007). Evidence suggests that depression increases the risk
of CVD by 50% to 100%, and also worsens the outcome for patients who experience a
cardiac event (Lippi et al., 2009). Similarly, depression increases the risk of T2D by 60%
(Mezuk, Eaton, Albrecht, & Golden, 2008). While underlying mechanisms have not been
well elucidated, a number of studies have reported that depression, ranging from low mood
to major depressive disorder, is associated with higher levels of inflammatory biomarkers
including hsCRP (Davidson et al., 2009; Elovainio et al., 2009; Ferketich, Ferguson, &
Binkley, 2005; Lindqvist et al., 2009; Musselman et al., 2001; Pikhart et al., 2009; Suarez,
2004; Suarez & Boyle, 2005).
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The link between depression and disease outcomes has been extensively explored with a
number of studies examining putative physiological mechanisms linking depression and
disease endpoints (Rozanski, Blumenthal, & Kaplan, 1999). For the most part, the primary
approach employed by studies that examine putative mechanisms emphasizes the direct
effect of depression on plausible mechanisms and subsequent clinical outcomes. While this
approach has yielded a wealth of evidence for the role of depression in onset and
progression of various clinical conditions (Herbert & Cohen, 1993; Howren, Lamkin, &
Suls, 2009), it is reasonable to speculate that the impact of depression may also include
inhibition of beneficial effects associated with risk-reducing activities. In other words,
depression may act as a rate-limiting factor that inhibits or attenuates the cardioprotective
effects of activities known to lower the risk of CVD and T2D such as LTPA and moderate
alcohol consumption. Such an approach may reveal that depression, and more broadly
psychological distress, not only has direct effects on putative mechanisms but also indirect
effects that are characterized by diminished improvements in traditional and emerging risk
factors following health promoting activities.

Recently, two studies have assessed the moderating effects of indicators of psychological
distress on the relation of physical activity to immune responses to influenza vaccination.
For example, Segerstrom et al. (2012) showed that higher levels of psychological distress, a
latent construct that incorporated items from the Geriatric Depression Scale, attenuated
antibody responses to vaccinations in persons who were physically active. In contrast, a
more robust antibody response to vaccination was observed in subjects who were physically
activity and reported low levels of psychological distress (Segerstrom, Hardy, Evans, &
Greenberg, 2012). Similarly, Emeny et al. also examined the interaction between
psychological distress as indexed by level of job strain and physical activity on CRP (Emeny
et al., 2012). Emeny et al. showed that the beneficial effects of physical activity on reducing
CRP were absent in people reporting high job strain but present in people with low job strain
(Emeny et al., 2012). While preliminary, these findings support the general hypothesis that
markers of psychological distress may act to inhibit or diminish the anti-inflammatory or
immunological responses to health promoting behaviors. In contrast, the positive
consequences of health promoting behaviors would be more likely to be observed among
those with lower psychological distress. In testing this general hypothesis, the present study
examined the moderating effect of psychological distress, as indexed by severity of
depressive symptoms, on the relation of LTPA and alcohol consumption to hsCRP.

To fully explore the hypothesized interactions, we also examined the role of gender.
Previous reports have shown that gender moderates the health-related effects of ethanol
(Albert, Glynn, & Ridker, 2003; Greenfield, Rehm, & Rogers, 2002; Oliveira, Rodríguez-
Artalejo, & Lopes, 2010). It is also acknowledged that the prevalence of depression differs
between men and women. Combined, these observations raise the possibility that gender
may moderate the joint effect of depression and alcohol consumption on CRP. To test this
possibility, we examined the three-way interaction between gender, alcohol use and
depression as well as the three-way interaction between gender, LTPA and depression.

Methods
Participants

Participants were 222 nonsmoking healthy men and women between the ages of 18 and 65
years. Subjects were enrolled in studies examining the relation of inflammatory biomarkers
(e.g., C-reactive protein) to psychosocial risk factors of cardiovascular disease (Suarez,
2004). Subjects were recruited from the general community via advertisements placed in
newspapers, online websites and fliers distributed throughout the community. Interested
individuals were screened for entry criteria using a self-report health questionnaire and
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interview. Inclusion criteria included the following: no history or current diagnosis of
psychiatric conditions; no current or previous use of anti-depressant medications; and no
chronic medical conditions related to inflammation, such as asthma, allergies, arthritis,
diabetes, all forms of cancer and cardiovascular diseases including hypertension. Women
who used oral contraceptives or hormone replacement therapy were excluded.

Assessments
Depression—The 21-item Beck Depression Inventory (BDI) was used to assess symptoms
of depression for the two weeks prior to administration (Beck, Steer, & Garbin, 1988).
Subjects were instructed to respond to each item (e.g., “I often feel sad.”) using a four-point
scale ranging from 0 (symptom not present) to 3 (symptom very intense) with total score
ranging from 0 to 63. The depressive symptoms characterized were negative mood, sadness,
pessimism, decreased functioning (e.g., indecisiveness), work inhibition, and somatic
problems (e.g., insomnia and fatigue) (Beck et al., 1988). The BDI was administered on the
day that blood samples were collected. While the BDI is not designed to yield a clinical
diagnosis, scores are significantly correlated with a diagnosis of major depressive disorder
(Beck et al., 1988). A previous study using the BDI to screen for depression in a general
population reported that, of 1240 subjects between the ages of 18 and 64, 4.16% scored 13
and above on the BDI, a cut-off point with 100% sensitivity, 99% specificity and 98%
overall diagnostic value for depressive disorder (Manrique, & Dowrick, 2000). In our
sample, 4.5% scored 13 and above, with none of these subjects having been previously
diagnosed with major depressive disorder. Due to the skewness of the distribution, BDI was
log-transformed and used as a continuous variable in all analysis.

Alcohol consumption
Alcohol consumption was classified according to the scheme used by Albert et al. (Albert et
al., 2003): never/former (< 1 drink in past 12-months), infrequently (1–3 drinks/month),
occasionally (1–7 drinks/week), and regularly (2 or more drinks/day). Due to the low
number of subjects in the “regular” category (men: 9.9%; women: 6.6%), we combined the
categories of “occasionally” and “regularly.” Combining these two categories resulted in a
subgroup where women reported drinking an average of ½ drink/day (median = 0.43 drinks/
day, IQ range: 0.29–1.14) and men drinking slightly more than 1 drink/day (median = 1
drink/day, IQ range: 0.57–1.86). Thus, the result of combining these two categories yielded
a classification that is consistent with gender-specific recommendations for the number of
drinks/day associated with the greatest cardiovascular benefits (Movva & Figueredo, in
press; Pai et al., 2006).

Leisure Time Physical Activity
Physical activity was assessed as a continuous variable. On the day of their laboratory visit
subjects were asked to report the number of hours of LTPA in the week prior to their study
visit. We did not question subjects on the type of physical activity or intensity thus
metabolic equivalent task (MET) could not be calculated. Due to the skewness of the
distribution, all analyses used the log-transformed hour of LTPA.

Biochemical Measures
Fasting venous blood samples were collected after an overnight fast, between the hours of
0830 and 0930 while subjects were seated in a reclined position. To minimize menstrual
cycle effects, samples from pre-menopausal women were collected during the follicular
phase. Samples were frozen at −80°C until assays were performed. High sensitivity CRP
was measured using an ultrasensitive, enzyme-linked, immunometric latex-enhanced assay
(Diagnostic Products Corporation, Los Angeles, CA) using purified protein and polyclonal
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anti-CRP antibodies from Diagnostic Products Corporation (Los Angeles, CA). This system
has a low detection threshold of < 0.10 mg/L with coefficients of variation ranging from
6.6% to 9.3%. Total cholesterol (TC), high density lipoprotein (HDL) cholesterol and
triglycerides (trig) were determined by the Duke University Clinical Laboratories.

Data collection
Subjects were instructed not use prescription medications or over-the-counter preparations,
including low-dose aspirin, for two weeks prior to the study visit. On the day of the study
visit, staff interviewed participants to determine their participation in LTPA in the week
prior to their study visit and to verify that they were free of acute infections and recent
injuries and had not undergone medical/dental procedures two weeks prior. Each subject’s
temperature was also taken orally. Informed consent was obtained prior to the study.
Subjects were compensated for their participation. The Institutional Review Board of Duke
University approved this protocol.

Statistical Analyses
Descriptive statistics were performed using ANOVAs to compare means for continuous
variables and Chi-squared tests for categorical variables such as alcohol use and gender.
Tests of the hypotheses relating to the factors determining CRP level were conducted using
multiple linear regression using SAS version 9.3 statistical software (SAS Institute Inc.,
Cary, North Carolina). Guided by previous research, covariates were selected a priori and
included age, gender, body mass index (BMI), and race. Using the same covariates, we
developed separate models for alcohol consumption and LTPA. Analysis employed a two-
step approach. The first step, referred to as the full model, included all covariates, the main
effects of log-transformed BDI, gender and behavior (i.e., alcohol use group or log-
transformed LTPA), the three 2-way interactions between BDI, sex and behavior and the 3-
way interaction between log-transformed BDI, protective behavior and gender predicting
log-transformed hsCRP. If the 3-way interaction was non-significant, the 3-way interaction
was eliminated and the model was revised to only include the 2-way interaction between
depression score and lifestyle factor.

Probing of significant interactions was accomplished by performing simple slope analysis
that included main effects and interactions at both levels as presented in the figures.
Analysis of trimmed models centering the appropriate variables was used to test simple main
effects (Aiken & West, 1991). For the analysis using trimmed models, the interactions
retained their significance. For simple slope analysis, we followed statistical methods
suggested by Aitken and West (Aiken & West, 1991) and Preacher, Curran and Bauer
(Preacher, Curran, & Bauer, 2006) and implemented R scripts available freely from Dr. K. J.
Preacher’s web site www.quantpsy.org. Aitken and West (1991) originally suggested
probing interactions (albeit somewhat arbitrarily) at −/+1 SD above and below the mean of
the moderator. We probed the interactions at −/+.5 SD of the mean of log BDI and
converted results back to original BDI scale because even after log transformation, probing
at −/+ 1SD of the log BDI put the original BDI values at very low and high extremes of the
original BDI scale (because of the skewed BDI scale). The simple slope analysis allowed us
to address two questions: is the slope of the simple regression line significantly different
than zero, and do the slopes of a pair of simple regression lines differ from one another as a
function of the moderator, in this case, BDI.
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Results
Data were collected on 222 subjects. One subject was excluded from the alcohol analysis
due to missing BDI and 11 subjects were excluded from the LTPA analysis due to missing
LTPA values. Table 1 shows the participant characteristics stratified by gender.

The relation of the covariates to CRP was as expected. Log CRP was significantly
associated with age (r = .23, p < .001) and BMI (r = .43, p < .0001). There was a trend for
log CRP to differ among races (F(4, 221) = 1.78, p = .13), with post-hoc comparison among
groups suggesting that relative to whites, African Americans (AA) have significantly higher
CRP (p = .01), a finding that is consistent with previous reports of higher CRP in AA than
whites (Fox, Merali, & Harrison, 2006). CRP levels were similar in men and women (F(1,
220) = 0.00, ns).

We also examined the relation of the independent variable to the selected covariates. BDI
did not differ based on the selected covariates of race (F(4, 220)=0.91, ns), age (r= 0.09, ns)
and BMI (r = 0.0, ns). Women had higher BDI scores than men (F(1,223)=6.14, p=0.014),
consistent with previous findings . BDI scores, however, were not associated with either
LTPA (r = −0.06, ns) or alcohol consumption (F(2,221)=0.53, ns), nor were these
relationships moderated by gender (for LTPA X gender (F = 1.88, ns); for alcohol group X
gender (F (2, 216) = 0.62, ns), confirming that collinearity did not influence the results of
our hypothesis-testing.

There was a trend toward a significant main effect of alcohol use (F(2, 219) = 2.99,
p=0.052) with subjects who reported occasional/regular alcohol consumption showing
significantly lower CRP relative to nondrinkers (p = .016) and infrequent drinkers having
lower CRP than nondrinkers, but this latter comparison was not significant (p = .087). CRP
did not differ between infrequent and occasional regular users. Although not significant,
lower CRP values were associated with increasing hours of LTPA (β = −0.098, SE =.09, p
= .10), consistent with the notion that the effects of hours of LTPA on CRP may be
moderated by other factors such as severity of depressive symptoms.

Alcohol Consumption
Our sample was generally healthy with respect to alcohol consumption. No participants met
criteria for “heavy” drinking, defined as more than 5 drinks per day (35 drinks per week) by
Alatalo et al (Alatalo et al., 2009). In our sample, the median number of drinks per week was
4 (approximately ½ drink per day), with an interquartile range of 1–8 drinks per week. Five
subjects drank more than 20 drinks per week and the highest consumption level occurred in
1 subject who consumed 28 drinks per week. As previously noted, alcohol consumption was
not associated with BDI score. In fact, the subject who consumed the highest number of
drinks per week (28 drinks per week) had a BDI score of 0. Regression analyses were
performed by both including and excluding this subject, with similar results. Therefore,
results described herein include all subjects.

In testing our hypothesis, we first examined whether gender moderated the relation of
alcohol consumption and severity of depressive symptoms in predicting CRP levels (See
table 2). Results revealed a significant 3-way interaction between BDI score, alcohol use and
gender (F(2, 204) = 4.89, p < 0.008, R2 = 0.035) leading us to conduct separate regression
analysis for men and women. Results of these post hoc analyses indicated that the 2-way
interaction between BDI score and alcohol consumption significantly predicted CRP levels
in men (F(2, 109) = 3.79, p < .03, R2 = 0.047) but not in women (F(2, 90) = 1.92, p = .098,
R2 = 0.036).
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To explore the moderating effect of BDI on the association between alcohol consumption
and CRP in men, we performed simple slope analyses (Aiken & West, 1991; Preacher et al.,
2006). Note that Z-statistics here are the normal approximation to t-statistics due to large
degrees of freedom. Figure 1A graphs the relation of alcohol consumption to CRP as a
function of high and low BDI scores using 0.5 SD above and below the mean of BDI (low
BDI ≈ 2 and high BDI ≈ 7). For comparing never drinkers against occasional/regular
drinkers, simple slopes were significant at lower BDI (β = −0.7544, SE =0.258, z = −2.9244,
p < 0.004), such that occasional/regular alcohol users with low BDI had lower CRP. For
high BDI, the simple main effect of alcohol consumption was not significant (β = −0.1665,
SE =0.226, z = −0.7362, p = 0.46).

To get a complete picture of the moderation/non-moderation nature of BDI on different
alcohol use behaviors, we also performed simple slope analyses comparing the infrequent
alcohol users to those who abstained. As illustrated in Figure 1B, at lower BDI (β =
−0.3584, SE = 0.2837, z = −1.2636, p = 0.21, and at the higher BDI, (β = −0.1736, SE =
0.2471, z = −0.7023, p=0.47) (see Figure 1B).

Leisure Time Physical Activity
Our sample group was also healthy in terms of hours of LTPA in the week prior to their
laboratory visit. In response to the question, “how many hours per week of leisure physical
activity did you participate in during the previous week?’. In this sample, the median was
3.5 hours of LTPA per week (IQ: 1–6 hours/week). There was a trend for men to report
more hours/week of LTPA (t(211) = 1.92, p = 0.057, men: mean = 4; IQ 1.75 - 6.0 hours/
week; women: median = 3; IQ 0.5–5.5 hours/week). Analysis excluded all subjects whose
hour/week LTPA > 3 SD from the mean.

With regard to CRP level, the 3-way interaction between gender, BDI score, and log-
transformed hours of LTPA did not significantly predict log-transformed hsCRP (F(1, 198)
= 0.02, R2 = .008). Therefore, data from men and women were combined and we examined
the effect of the 2-way interaction between BDI score and log-transformed hours of LTPA
(F(1, 199) = 5.29, p < .03, R2 = 0.020) (see Table 3).

Figure 2 illustrates the result of the simple slope by graphing log-CRP at 0.5 SD above and
below BDI (low BDI ≈ 2 and high BDI ≈ 7). In these analyses, we observed a significant
main effect of hours of LTPA per week (β = −0.4707, SE =0.2125, z = −2.2152, p < .03)
when BDI was lower than average, but not when BDI was higher than average (β =
−0.0956, SE = 0.1764, z = −0.5419, p = 0.59). Thus, when subjects had decreased symptom
severity, increased LTPA was associated with lower CRP. For those with increased
depressive symptom severity, we failed to observe a simple main effect for LTPA on CRP.

Effects of Depression, Alcohol Consumption and Leisure Time Physical Activity on
Fasting Lipids

It was important to determine if the moderating effects of BDI were also observed for the
relation of alcohol consumption and LTPA to fasting lipid levels. Both alcohol consumption
and LTPA are associated with lower total cholesterol (TC) and triglyceride (TRIG) levels
and higher high-density lipoprotein (HDL) cholesterol (Panagiotakos et al., 2003; Rimm,
Williams, Fosher, Criqui, & Stampfer, 1999), We therefore examined the interactions found
to be significant in predicting hsCRP to determine if they also predicted TC, HDL
cholesterol and TRIG. Tests of the alcohol group by BDI score by gender interaction did not
predict fasting TC (F(2, 203) = 0.51, ns), HDL (F(2,203) =2.00, ns) or TRIG (F(2, 203) =
0.92, ns). Similarly, the LTPA by BDI score interaction failed to predict TC (F(1,200) =
1.05, ns), HDL (F(1, 200) = 0.05, ns) and TRIG (F(1, 200) = 0.94, ns). Thus, it appears that
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the moderating effects of depression on the relation of physical activity and alcohol
consumption do not generalize to fasting lipids but are specific to CRP.

Discussion
The present study examined whether current untreated depression moderated the well-
recognized anti-inflammatory effects of lifestyle factors (moderate alcohol consumption and
LTPA) and whether these effects differed in men and women. Imposing methodological
constraints on current health status (no acute or chronic medical conditions), use of over-the-
counter medications, smoking status (non-smokers only), steroid use (both oral
contraceptives and hormone replacement therapy) and menstrual cycle phase (follicular
phase) for premenopausal women, we observed that the best predictor of hsCRP was the
interaction between health-related behaviors and depressive symptomatology. For men,
moderate alcohol consumption (≈ 1 drink/day) was associated with lower CRP but only for
those with decreased severity of depressive symptomatology. This was not the case for men
with increased depressive symptoms, where the beneficial effects of moderate consumption
of alcohol were abolished. We also observed that severity of depressive symptoms did not
moderate the level of CRP in infrequent drinkers relative to non-drinkers. Depressive
symptomatology also moderated the positive anti-inflammatory effects of hours of LTPA
per week. In this case, individuals with increased hours of LTPA per week showed lower
CRP but only if they had decreased levels of depressive symptomatology. For those with
increased severity of depressive symptoms, LTPA was not associated with CRP. Using two
disparate lifestyle factors that are independently associated with lower CRP, the pattern of
findings suggest that the effects of depression go beyond “main effects” characterized by
dysregulation of inflammatory system to include moderation effects that take the form of
attenuation of the anti-inflammatory effects of lifestyle factors.

In contrast to our findings predicting CRP, the same interactions failed to predict lipid
concentrations. Previous studies have shown that both LTPA and moderate alcohol
consumption are associated with lower TC and higher HDL (Panagiotakos et al., 2005;
Panagiotakos et al., 2003). With the exception of the current study, we know of no other
study that has examined whether depression moderates the effect of lifestyle factors on lipid
levels. In our laboratory we have observed that depression is associated with lower TC
(Suarez, 1999), a relation that is independent of BMI, age and other relevant factors. Similar
findings have been reported by others, who have shown lower HDL among those with MDD
(Ancelin et al., 2010; Maes et al., 1997; Sutin et al., 2010). While depression may not
moderate the relation of lifestyle factors to lipids, it remains to be determined whether
depression has similar moderating effects on the relation of lifestyle factors to other
cardiometabolic indicators such as glucose metabolism and insulin resistance.

The observed patterns are not the first to suggest that indicators of psychological distress
modify or inhibit immune-related responses to health promoting activities and physical
traits. Segerstrom et al. (Segerstrom et al., 2012) assessed antibody responses to influenza
vaccination as a function of physical activity and psychological distress, a latent construct
that included aspects of depression. In that study, greater physically activity (equivalent to 1
hour of walking daily) was associated with a robust antibody response but only among those
adults with low levels of psychological distress. In contrast, among adults who were at high
levels of psychological distress, physical activity was not associated with a robust antibody
response (Segerstrom et al., 2012). Similarly, Emeny et al. showed that physical activity was
significantly associated with lower CRP but only in subjects with low job strain (Emeny et
al., 2012). For subjects reporting high job strain, physical activity failed to have a beneficial
effect on CRP (Emeny et al., 2012). As with the latent construct of psychological distress
used by Segerstrom et al, high job strain is associated with greater depressive
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symptomatology (Ahola & Hakanen, 2007; Ahola et al., 2006). Thus, the current findings
provide additional evidence in support of the hypothesis that the presence of depression and
depression-related distress inhibits the beneficial health effects of physical activity on a
measure of inflammation.

Depression also attenuates the effects of moderate alcohol consumption on CRP levels, in
men but not women. In depressed men, alcohol drinking was associated with elevated CRP.
At this time, we can only speculate about the reasons for the observed gender-specific
differences for the joint effect of depression and alcohol use on CRP. It is important to note
that gender-differences for the joint effect of alcohol use and depression on health outcomes
have been reported previously. Using the 1984 US National Alcohol Survey, Greenfield et
al. (Greenfield et al., 2002) showed that, for depressed women, the relative risk of all-cause
mortality was highest for former drinkers with heavy occasions. For depressed men,
however, highest risk occurred in those who currently drank more than 6 drinks per day. In
the absence of depression, the relative risk of mortality was significantly lower for these two
alcohol consumption groups. In light of our findings and those of Greenfield et al. and others
(Albert et al., 2003; Oliveira et al., 2010), the complex interaction between gender, ethanol
consumption and depression should be carefully considered in future clinical studies.

The findings of the current study are consistent with previous findings that measures of
depressed affect, such as the Center for Epidemiological Studies Depression scale, are not
associated with frequency of alcohol consumption (Graham, Massak, Demers, & Rehm,
2007; Graham & Schmidt, 1999). Similarly, we did not find an association between LTPA
and severity of depressive symptoms. The cross-sectional nature of our design, however,
does not allow for testing causality but previous studies have shown that LTPA does not
have a causal effect on depressive symptoms (De Moor Mm, 2008). While our findings are
consistent with previous observations, we are limited by the types of measures used, not
only for depression where we measured symptom severity, but also for alcohol consumption
and LTPA, where the emphasis was on frequency and total hours per week, respectively.
Thus, it remains to be determined whether clinical depression has similar moderating effects
on the relation of LTPA and alcohol consumption to CRP and other measures of
inflammation.

The current study has a number of limitations. First, we used single items to assess amount
of physical activity or alcohol consumption. More detailed assessments are likely to provide
additional information not captured by a single item (e.g., Graham et al., 2007). This is also
the case for physical activity where we did not collect type of activity and intensity, aspects
that would have allowed us to calculate MET. Second, the cross-sectional nature of the
study does not allow us to address directionality. Most (though not all) intervention studies
published to date have demonstrated that exercise improves symptoms of depression in
cardiac patients (Blumenthal, 2011). Depression, however, has not been shown to impact the
likelihood of exercising (Ku, Fox, Chen, & Chou, 2012) nor is regular physical activity
predictive of changes in depressive symptoms (De Moor, Beem, Stubbe, Boomsma, & De
Geus, 2006). With our cross-sectional design, we have no way of knowing whether
reduction in CRP (and implied risk of CVD and T2D) would be greater or less in depressed
relative to non-depressed patients given an exercise intervention. Interestingly, preliminary
evidence suggests that for cardiac patients who are depressed, 16-weeks of exercise
improved severity of depressive symptoms but did not significantly lower CRP (Blumenthal
et al., 2012). What is not known is whether a similar exercise program would reduce CRP in
non-depressed patients.

In summary, the current data suggest a novel role for the deleterious effects of untreated
depression. Depression has been linked to poor health outcomes via direct effects on
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mechanisms implicated in heart disease and T2D such as inflammation. In the current study,
we showed that current depression inhibits the anti-inflammatory effect of two disparate
activities that are associated with lower hsCRP and reduced risk of future CHD and T2D.
The inhibiting effects of depression were not observed for other health benefits of physical
activity and light-to-moderate alcohol consumption such as lower triglyceride and lipid
levels. In both depressed and non-depressed subjects, physical activity and light-to-moderate
alcohol consumption were associated with favorable lipid profiles (e.g., low LDL, high
HDL).

The current data, combined with emerging evidence, have implications for the planning of
preventive intervention strategies and education programs aimed at reducing the risk of heart
disease and diabetes. The American Heart Association recommends screening of depression
in patients with coronary heart disease (Kasim-Karakas, 2000), but depression and
depressive symptoms are often unrecognized or untreated in primary clinical practice
(Coyne, Schwenk, & Fechner-Bates, 1995). Primary care providers have the opportunity to
have substantial preventive impact, especially if they are able to recognize symptoms arising
de novo, when patients frequently attribute changes in mood and behaviors to everyday
stressors (Ylonen et al., 2003). Early intervention is particularly important since any episode
of depression, if untreated, may last months to years (Rost et al., 1998). Aside from
depressed mood, reduced energy level, difficulty with concentration, loss of interest in
previously pleasurable activities and sleep dysregulation, the current findings suggest that
the effects of depression extend beyond these psychiatric symptoms and include attenuation
of positive health consequences of lifestyle factors. These findings argue for medical
providers to combine management of depression alongside reduction of other forms of
cardiovascular risk, instead of the more traditional approach of managing conditions
separately.
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Highlight

Depression attenuates the anti-inflammatory effects of leisure time physical activity
and light-to-moderate alcohol consumption on the cardiometabolic r risk marker, C-
reactive protein.
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Figure 1.
Figure 1A and B: For men, slopes at high (+ 0.5 SD) and low (−0.5 SD) levels of severity of
depressive symptomatology for comparisons between infrequent drinkers and never drinkers
(Fig 1A) and at high (+ 0.5 SD) and low (− 0.5 SD) severity of depressive symptomatology
for comparisons between never drinkers and occasional/regular drinkers (Fig 1B) and

Suarez et al. Page 17

Brain Behav Immun. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Slopes of leisure time physical activity (LTPA) at high (+ 0.5 SD) and low (− 0.5 SD)
severity of depressive symptomatology.
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Table 1

Participant characteristics and test of gender differences

Total Sample Men Women Gender effect

Age, years 28.9 (10) 27.7 (9.5) 30.2 (10.3) 0.06

BMI, kg/m2 25.1 (4.7) 25.3 (4.5) 25.0 (4.8) ns

Total cholesterol (mg/dL) 168 (36) 167.3 (36) 169.6 (37) ns

Race/Ethnicity (%) ns

 White 54 55 53

 Black 27 22 33

 Asian 15 19 12

 Hispanic 1 1 0

 Mixed/Other 3 3 2

Education level (%) ns

 Less than High School <1 <1 0

 High School Graduate 5 5 5

 Some College 31 31 30

 College Graduate 44 29 49

 Post-College 20 24 16

Alcohol consumption frequency (%) ns

 Never/Former 27 26 29

 Infrequent 31 29 33

 Occasional/Regular 42 45 38

Leisure time Physical Activity (LTPA) (hr/wk)* 3.5 (1.0–6.0) 4.0 (1.75–6.0) 3.0 (0.5–5.5) < 0.05

Beck Depression Score* 3.0 (1.0 – 6.0) 3.0 (1.0 – 5.0) 3.0 (1.0–7.0) < 0.02

hsCRP (mg/L)* 0.72 (0.16–5.13) 0.71 (0.18–4.96) 0.73 (0.15–5.50) ns

Continuous parametric results are given as Mean (SD); categorical results as percentage; and continuous non-parametric results as median (IQR);
ns = not significant
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Table 2a

Regression model included alcohol groups (abstainers, infrequent, occasional/regular), log-transformed BDI
scores, age, sex body mass index and race as predictors. Significance testing used Type III test statistics.

Source DF F-Value p-value

BDI 1 0.62 0.4319

ALCOHOL 2 0.35 0.7043

BDI ALCOHOL 2 0.35 0.7057

SEX 1 0.47 0.4959

BDI× SEX 1 0.78 0.3794

BDI× SEX×ALCOHOL 2 5.03 0.0074

AGE 1 8.72 0.0035

BMI 1 34.87 <0.0001

RACE 4 1.11 0.3518

R-square 0.280582
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Table 2b

Parameter estimates from the final regression model.

Parameter Estimate SE t-value (df=207) p-value

Intercept −3.347 0.629 −5.32 <.0001

BDI −0.040 0.178 −0.22 0.8245

ALCOHOL (0 vs 2) −0.622 0.421 −1.48 0.1404

ALCOHOL (1 vs 2) 0.278 0.432 0.64 0.5212

BDI×ALCOHOL (0 vs 2) 0.538 0.264 2.04 0.0424

BDI×ALCOHOL (1 vs 2) −0.035 0.255 −0.14 0.8899

SEX (M vs F) −0.328 0.366 −0.90 0.3715

BDI×SEX (M vs F) 0.326 0.237 1.38 0.1705

SEX×ALCOHOL (M&0 vs M&2) 1.587 0.561 2.83 0.0052

SEX×ALCOHOL (M&1 vs M&2) −0.114 0.567 −0.20 0.8409

BDI ×SEX×ALCOHOL (M&0 vs M&2) −1.155 0.374 −3.09 0.0023

BDI×SEX ×ALCOHOL (M&0 vs M&2) −0.227 0.360 −0.63 0.5286

AGE 0.022 0.007 2.95 0.0035

BMI 0.096 0.016 5.91 <.0001

RACE (White vs Other) −0.092 0.425 −0.22 0.8298

RACE (Black vs Other) −0.026 0.450 −0.06 0.9539

RACE (Asian vs Other) 0.319 0.447 0.71 0.4763

RACE (Hispanic vs Other) −0.333 1.072 −0.31 0.7566

Alcohol groups: 0 = abstainers; 1 = infrequent; 2 = occasional/regular, M = males, F = females, BDI = Beck Depression Inventory (log-
transformed).
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Table 3a

Regression model included log-transformed leisure time physical activity (hours/week), log-transformed Beck
Depression Inventory (BDI) scores, age, sex body mass index and race as predictors. Significance testing used
Type III test statistics.

Source DF F-Value p-value

BDI 1 1.86 0.1741

LTPA 1 5.43 0.0208

BDI LTPA 1 5.08 0.0252

SEX 1 0.01 0.9412

AGE 1 8.43 0.0001

BMI 1 37.35 <.0001

RACE 4 1.60 0.1747

R-square 0.252226
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Table 3b

Parameter estimates from the final model.

Parameter Estimate SE t-value (df=200) p-value

Intercept −3.478 0.642 −5.42 <.0001

BDI −0.198 0.145 −1.36 0.1741

LTPA −0.331 0.142 −2.33 0.0208

BDI×LTPA 0.209 0.093 2.25 0.0252

SEX (M vs F) 0.011 0.139 0.07 0.9412

AGE 0.021 0.007 2.90 0.0041

BMI 0.090 0.016 5.60 <.0001

RACE (White vs Other) 0.545 0.496 1.14 0.2562

RACE (Black vs Other) 0.632 0.511 1.14 0.2175

RACE (Asian vs Other) 0.983 0.515 1.91 0.0579

RACE (Hispanic vs Other) 0.390 1.100 0.36 0.7212

LTPA = leisure time physical activity (hours/week); BDI = Beck Depression Inventory score; M = male, F = female.
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