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Abstract

Objective—To determine whether the relationship between interleukin (IL)-6 and depressive
symptoms is moderated by participation in moderate-intensity physical activity in a sample of
primary care patients. Elevated inflammation has been associated with a number of poor health
outcomes. Depressive symptoms may be related to higher levels of the inflammatory marker I1L-6;
however, previous findings are inconsistent, possibly due to unidentified moderating factors.

Methods—A total of 107 participants, aged =40 years, were recruited in Rochester, New York,
in 2006 to 2007. Depressive symptoms were measured by the Center for Epidemiologic Studies
Depression Scale-Revised, participation in moderate-intensity physical activity was measured
using a modified version of the Community Health Activities Model Program for Seniors Activity
Questionnaire for Older Adults, and serum IL-6 concentrations were determined using standard
enzyme-linked immunosorbent assay protocols and high-sensitivity, anti-cytokine antibody pairs.
A hierarchical multiple regression analysis was conducted.

Results—The correlation between IL-6 and depressive symptoms was nonsignificant (= .086, p
= .40). The association between IL-6 and depressive symptoms was moderated by participation in
moderate-intensity physical activity (p =.02). Among those who did not engage in moderate-
intensity physical activity, higher levels of depressive symptoms were significantly associated
with higher levels of IL-6 (r= .28, p=.05), whereas this association was not significant among
those who did participate in moderate-intensity physical activity (r=-.13, p=.38).

Conclusion—Participation in moderate-intensity physical activity may buffer the risk of higher
inflammation often associated with higher levels of depressive symptoms.
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INTRODUCTION

According to the Global Burden of Disease project, depressive disorders ranked fourth in
terms of global burden (1). In addition to the direct costs of care, depressive symptoms are
often accompanied by a number of medical comorbidities (2) and a higher risk of mortality
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(3). Although the mechanisms responsible for these associations between depressive
symptoms and poor physical health remain unclear, one potential factor is an altered
inflammatory response among depressed individuals.

Overproduction of interleukin (IL)-6 is associated with a wide range of health conditions,
including cardiovascular disease (4,5), Type 2 diabetes (6), and certain cancers (7).
Furthermore, elevated IL-6 levels have been associated with higher mortality risk in older
adults (8). Elevated levels of IL-6 have also frequently been associated with depressive
symptoms, ranging from mild depressive symptoms to major depression (9). However,
reports of the relationship between IL-6 and depressive symptoms are inconsistent. Several
studies (10,11) have failed to find a significant relationship between IL-6 and depressive
symptoms, whereas in other studies (12) the relationship is attenuated when controlling for
potential moderating or mediating variables, such as age, gender, and body mass index.
Considering the presence of these factors that influence the relationship between depressive
symptoms and IL-6, it is possible that other environmental or behavioral factors may also
moderate this relationship.

Current health guidelines (13) recommended engaging in moderate-intensity physical
activity for at least 30 minutes on 5 days of the week. Time spent in moderate-intensity
physical activity has been associated with a lower prevalence of depressive symptoms in
prospective studies of community-based samples (14,15), whereas exercise interventions
have been shown to be effective in the alleviation of depressive symptoms (16). Similar
exercise interventions have also been successful in reducing IL-6 levels (17). Because
moderate-intensity exercise behavior affects both depressive symptoms and IL-6, the
association between depressive symptoms and IL-6 may be dependent on, or moderated by,
activity level.

The purpose of the current research was to examine the potential moderating effect of
moderate-intensity physical activity on the relationship between depressive symptoms and
IL-6 in a sample at risk for high levels of both depressive symptoms and inflammation—
middle aged and older, lower income primary care patients with modest to high disease
burden. We hypothesized that participation in moderate-intensity physical activity would
moderate the association between depressive symptoms and IL-6. Specifically, we expected
that individuals who do not participate in moderate-intensity physical activity would show
the strongest positive associations among IL-6 and depressive symptoms.

Individuals, aged =40 years, were recruited through a university-affiliated, freestanding
family medicine clinic during 2006 to 2007. Patients were approached in person during
clinic visits or through flyers available at the clinic and were invited to attend a research
session. After providing written informed consent, using procedures approved by the
University of Rochester Research Subjects Review board, participants completed a research
interview and provided blood samples via venipuncture performed by a trained
phlebotomist.

Outcome Measures

IL-6—ATfter venipuncture, the blood sample was kept on ice, centrifuged, and the serum
collection was stored at —80°C. Serum IL-6 concentrations were determined via assay using
standard enzyme-linked immunosorbent assay protocols and high-sensitivity, anti-cytokine
antibody pairs (BD Biosciences, San Diego, California). Sensitivity of the assay showed the
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lowest detectable level of 0.0001 pg/mL. Intra- and interassay coefficients of variation were
<5%.

Depressive Symptoms

The Center for Epidemiologic Studies Depression Scale-Revised (CESD-R) is a well-
validated 20-item measure of depressive symptoms apparent in the previous week (18). In
many populations, large proportions of individuals with the Center for Epidemiologic
Studies Depression Scale (CES-D) scores of >15 meet the diagnostic criteria for major
depression (19). Responses involve a 4-point Likert scale that ranges from 0 (“not at all”) to
3 (“nearly every day”). The Cronbach’s o for the CESD-R in the current sample was 0.93.

Physical Activity

Covariates

The modified Community Health Activities Model Program for Seniors (20) included 14
items aimed to assess physical activity over the previous month. Each item asks the
respondent to indicate whether they have participated in an activity (“Yes” or “No”). Ten
questions included in the questionnaire assessed participation in activities assigned a value
of 3.0 metabolic equivalents (METs) and were classified “moderate-intensity physical
activity” (e.g., running, bicycling, swimming, weight lifting). This cutoff matches the
current American College of Sports Medicine definition for moderate-intensity physical
activity that is used in the most recent public health guidelines (13). The remaining four
items assessed participation in lower-intensity activities (i.e., walking) and were excluded
from further analysis.

Several control variables were used. These were based on self-report items and validated
through chart reviewers for a random subset of patients. Variables included current smoker
(yes/no); age and gender; a count of the following conditions selected for their prevalence in
primary care: hypertension, hypothyroidism, cardiovascular disease, cancer, and diabetes;
and body weight. The latter was obtained strictly from chart reviews and was available for
80 patients.

Statistical Analysis

Linear regression analyses with robust standard errors were conducted to examine the
moderating effect of physical activity on the relationship between depressive symptoms and
IL-6. An interaction term tested the hypothesis that the depressive symptoms-1L-6
association varied by moderate-intensity physical activity. The statistical interaction test
used product terms created from this continuous measure of activity. Graphical presentation
of the interaction plotted the regression slopes in nonexercisers versus exercisers, based on
the natural shape of the sample distribution (approximately half the sample had 0 MET,
indicating no participation in moderate-level activity); a mixture model with two
components corresponding to exercisers versus nonexercisers supported this distinction;
likelihood ratio test versus 1-component distribution (x? = 69.99, df=1, p< .001).
Secondary analysis also controlled for medical illness using a morbidity index consisting of
the sum of chronic illness reported by patients, smoking, age, and gender, as they are
consistently associated with IL-6 levels. Body weight based on medical chart was available
for 80 patients; so, an additional analysis controlling for this, using multiple imputation for
those 17 missing body weight data, was also conducted. Those missing body weight data
were demographically similar to those with the data.
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Of 107 participants recruited and interviewed, 99 provided complete data for depressive
symptoms, IL-6, and participation in moderate-intensity physical activity. Two participants
had IL-6 levels of >3 standard deviations above the sample mean and were excluded from
further analysis. After exclusion of the two outliers, skewness and kurtosis of 1L-6 and CES-
D were within an acceptable range (-1 to +1). Table 1 displays descriptive data about the
sample. IL-6 levels were not significantly different between depressed and nondepressed
patients (Table 1), and the Pearson’s correlation between IL-6 and depressive symptoms was
nonsignificant (r=.086, p = .40). Moderate-intensity physical activity participation and
depressive symptoms were also uncorrelated (r=-.082, p = .42). IL-6 was, however,
significantly correlated with MET expenditure in moderate-intensity physical activity (r=-.
217, p=.03).

Results from four linear regression analyses are presented in Table 2. The association
between depressive symptoms and IL-6 was not significant in Model 1, which predicted
IL-6 from depressive symptoms score. Model 2 indicated that the association between
depressive symptoms and IL-6 remained nonsignificant after the addition of moderate-
intensity physical activity participation to the model. However, exercisers had circulating
IL-6 levels roughly 1.2 pg/mL lower than those who did not. Finally, Model 3 includes the
depressive symptoms-physical activity interaction term, which was significant. Figure 1
illustrates the association between increasing depressive symptoms scores and increasing
circulating IL-6 in those who did not engage in moderate-intensity physical activity (i.e.,
MET score of 0 for moderate activity, about half the sample), and the lack of association
between depressive symptoms and IL-6 among those who engaged in moderate-intensity
physical activity. Among those who did not engage in moderate-intensity physical activity,
higher levels of depressive symptoms were significantly associated with higher levels of
IL-6 (r=.28, p=.05). In contrast, depressive symptoms were not significantly associated
with IL-6 among individuals engaging in moderate-intensity physical activity (r=-.13, p=.
38). Model 4 presents the secondary analysis, replicating Model 3, at the same time
controlling for disease count, smoking status, age, and gender. The interaction between
depressive symptoms and participation in moderate-intensity physical activity remained
significant. Further analysis also controlling for body weight and using multiple imputation
for the 17 subjects missing weight data revealed similar results (interaction term B [standard
error] =-0.0015 (0.0007), t=-1.99, p=.05).

DISCUSSION

Results support the hypothesis that participation in moderate-intensity physical activity
moderated the relationship between depressive symptoms and IL-6. Among individuals who
engaged in less moderate-intensity physical activity, higher depressive symptoms were
associated with higher IL-6 levels, whereas virtually no association between IL-6 and
depressive symptoms was observed among those who engaged in higher levels of moderate-
intensity physical activity. These results suggest that, at low levels of depressive symptoms,
there is no difference in IL-6 levels across physical activity levels, but as depressive
symptoms increase, one begins to see an association between physical activity and IL-6. An
equivalent interpretation is that depression and I1L-6 seem associated only among relatively
inactive people, whereas increasing levels of physical activity seem to diminish this
association. Our findings may, therefore, help to explain the heterogeneity in the depressive
symptoms-inflammation literature. Our findings are consistent with epidemiological (21)
and intervention (17) studies that have associated exercise with lower levels of I1L-6.
Furthermore, our findings may help to explain the heterogeneity in the depressive
symptoms-inflammation literature.
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The observations of the current research should be interpreted with caution and require
further replication. However, the presence of a significant interaction in a relatively small
sample potentially speaks to the strong effect of moderate-intensity physical activity on the
relationship between depressive symptoms and IL-6. The cross-sectional nature of the data,
while allowing determination of moderators, precludes the examination of causality.
Additionally, retrospective reports of exercise behaviors may not provide the most accurate
information on actual physical activity behavior. A subset of morning blood collections
occurred. However, this likely introduced random variation into IL-6 levels, as time of blood
collection was not a function of depressive symptoms or participation in moderate-intensity
physical activity, making it more rather than less difficult to detect systematic associations.
Thus, our estimates of associations may be conservative. Nevertheless, we note this as a
caveat. Also related to our measurement of inflammation was our choice to focus solely on
IL-6 as a marker for inflammation. Future studies might consider using additional markers
of inflammation, such as C-reactive protein, which has been associated with depression (22);
the observations of a sample of urban primary care patients may not generalize to other
segments of the population. Although the mean CES-D score in our sample was above the
current cutoff for major depression, it is lower than what would be expected in a sample of
participants with diagnosable depressive disorders. Also, our sample was highly inactive
(50% participating in no moderate-intensity physical activity), which is not surprising given
the demographics of the sample, as older age, lower socioeconomic status, and racial
minorities are all associated with lower levels of physical activity (23). Future studies should
aim to replicate these findings across broader segments of the population.

In conclusion, we found that participation in moderate-intensity physical activity moderated
the relationship between IL-6 and depressive symptoms. Continued research will help
clarify the potential mechanisms underlying these associations and may lead to improved,
more specifically targeted treatment strategies. At the present time, clinicians should be
aware that the health benefits of physical activity may be of particular importance to
individuals with elevated depressive symptoms.
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Depressive symptoms and interleukin (/L)-6 by exercise participation. M/PA = moderate
intensity physical activity; CES-D = Center for Epidemiological Studies Depression Scale.
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