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Abstract
Objective—To examine the extent to which a common genetic pathway is also involved in the
relationship between depressive symptoms, in the absence of major depressive disorder (MDD), and
inflammation. Recent data suggested that MDD and inflammation share common genes.

Methods—We recruited 188 male twins from the Vietnam Era Twin Registry who were free of
symptomatic coronary artery disease and MDD, with mean ± standard deviation (SD) age of 55 ±
2.75 years, including 54 monozygotic and 40 dizygotic twin pairs. These pairs were assessed for two
inflammatory markers, interleukin (IL)-6 and C-reactive protein (CRP). Current depressive
symptoms were measured with the Beck Depression Inventory-II. Generalized estimating equations
were used to examine the phenotypic association between depression and inflammatory markers.
Biometrical genetic modeling was performed to estimate the genetic and environmental contributions
to this association.

Results—An association was observed between severity of current depressive symptoms and
increased levels of inflammatory markers (p < .001 for IL-6 and p = .005 for CRP). After adjustment
for other factors, the association was slightly attenuated but remained statistically significant for IL-6
(p = .002). The heritability of IL-6, CRP, and depressive symptoms were estimated as 0.37, 0.65,
and 0.48, respectively. Genetic modeling found a significant genetic correlation between IL-6 and
depressive symptoms (rG = 0.22, p = .046), indicating that about 66% of the covariance between
them can be explained by shared genetic influences.

Conclusions—Current depressive symptoms are significantly correlated with inflammatory
markers. This covariation is due, in large part, to genes that are common to depressive symptoms
and inflammation.
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INTRODUCTION
The relationship between depression and the incidence of coronary artery disease (CAD) is
now well established (1–3). Adverse lifestyle behaviors, lower heart rate variability, and
enhanced platelet activation have long been considered potential explanations for this
association (4–7). Of more recent interest is the role of inflammation in the development and
progression of atherosclerosis (8,9) and its potential association with depression (10–12).
Major depression and depressive symptoms have been associated with higher levels of
inflammatory biomarkers, including interleukin-6 (IL-6) and C-reactive protein (CRP) (11,
13–24). However, the causal direction of this association remains unclear and may actually be
bidirectional, such that neurobiological correlates of depression may result in enhanced
inflammation, and the latter, in turn, may increase the risk of depression (25,26).

It is also plausible that a common genetic vulnerability accounts for the observed association
between depression and inflammation because both phenotypes are heritable. We have recently
reported evidence for a common genetic pathway linking major depressive disorder (MDD)
and inflammation (27). In this report, we examine if shared genetic vulnerability also plays a
role in the link between depressive symptoms in the absence of MDD and inflammation.

METHODS
Subjects

The Twins Heart Study (THS) is an investigation of psychological, behavioral, and biological
risk factors for subclinical cardiovascular disease, using twins. Twins were selected from the
Vietnam Era Twin (VET) Registry (28), which includes 7369 middle-aged male-male twin
pairs—both of whom served in the United States military during the time of the Vietnam War.
The characteristics of the VET Registry have been reported elsewhere (29–31).

THS included 360 twins from the VET Registry all born between 1946 and 1956 (>90% of the
twins in the VET registry fall into this range). The methods of construction of this sample were
shown in Figure 1 and were also described previously (32–34). The twins were free of a self-
reported previous diagnosis of cardiovascular disease based on survey data collected in 1990
(35), including a previous diagnosis of myocardial infarction, coronary heart disease, angina,
congestive heart failure or stroke, or previous coronary angioplasty, or coronary bypass
surgery. From this group, we randomly sampled two groups of twin pairs: one group included
MDD-discordant twins, where one member of the pair had a lifetime history of MDD assessed
with the Diagnostic Interview Schedule around the same time and the other did not; the second
group of twins included pairs where neither had a history of MDD. Once selected, twin pairs
came together but were examined separately at the Emory University General Clinical
Research Center between March 2002 and March 2006, where the twins had a comprehensive
history and physical examination and were queried again about previous diagnoses of
cardiovascular diseases that might have occurred from the time of the initial screen in 1990.
We also administered the Structured Clinical Interview for Diagnostic and Statistical Manual
of Mental Disorders, 4th Edition (36) to classify subjects based on a lifetime history of MDD.
Only eight subjects met the criteria for current depressive episode, and of the remaining cases
of MDD, 78% had their last episode >1 year before study entry. Because our focus for the
current analysis was depressive symptoms in the absence of MDD, we excluded twin pairs
where one or both twins reported a history of MDD, leaving a sample of 105 pairs. Exclusion
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of these twins also allowed unbiased heritability estimation because twin pairs discordant for
MDD were over-sampled in THS, and therefore their inclusion may cause an artificially higher
prevalence of twin pairs discordant for depressive symptoms. Furthermore, to avoid the
potential influences on depression and inflammation due to CAD, individuals who reported a
history of myocardial infarction, angina pectoris, coronary angioplasty, or coronary bypass
surgery from 1990, as well as their co-twins, were excluded (11 pairs). The present analyses,
therefore, included 54 monozygotic (MZ) and 40 dizygotic (DZ) twin pairs. Informed consent
was obtained from each subject, and the study was approved by the Institutional Review Board
of the Emory University School of Medicine.

Measures
All measurements were performed in the morning after an overnight fast, and both twins in a
pair were tested at the same time. A medical history and a physical examination were obtained
on all twins. Weight and height were used to calculate body mass index, and waist and hip
circumference were used to calculate the waist-hip ratio (WHR). Systolic blood pressure and
diastolic blood pressure were measured by mercury sphygmomanometer on the right arm with
the subject in sitting position after 10 minutes of rest. The average of two measurements 5
minutes apart was used in the statistical analyses. Venous blood samples were drawn for the
measurement of glucose and lipid profile after an overnight fast. The Emory Lipid Research
Laboratory, a participant in the Centers for Disease Control/National Heart, Lung and Blood
Institute Lipid Standardization Program, performed all analyses from freshly isolated
ethylenediaminetetraacetic acid (EDTA) plasma. Direct high-density lipoprotein (HDL) and
direct low-density lipoprotein (LDL) cholesterol were obtained using homogeneous assays
(Equal Diagnostics, Exton, Pennsylvania). Glucose was measured (CX7 chemistry
autoanalyzer, Beckman Coulter Diagnostics, Fullerton, California). Physical activity was
assessed by means of a modified version of the Baecke Questionnaire of Habitual Physical
Activity used in the Atherosclerosis Risk in Communities Study (37), a 16-question instrument
documenting the level of physical activity at work, during sports and nonsports activities.
Cigarette smoking was classified into current smoker (any number of cigarettes) versus never
or past smoker. Pack-years of smoking were calculated as the number of packs of cigarettes
smoked per day times the number of years smoked. Diabetes mellitus was defined as having
a fasting glucose level of > 126 mg/dL or being treated with antidiabetic medications.

Assessment of Depressive Symptoms—We administered the Beck Depression
Inventory-II (BDI-II) (38), a standardized scale providing a continuous measure of depressive
symptoms. This self-report instrument includes 21 items, and subjects rate the severity of each
symptom from 0 to 3. It has been used extensively in community samples and has satisfactory
test-retest and internal consistency reliability (39).

Markers of Inflammation—IL-6 was assessed using commercially available high-
sensitivity ELISA kits obtained from R and D Systems. All samples were run in duplicate.
Inter- and intra-assay variability were reliably <10%. CRP was measured with the Beckman
Coulter High Sensitivity C-Reactive Protein assay on the Synchron LX-20 analyzer.

Statistical Analyses
In initial descriptive analyses, we compared means and percents of study factors between MZ
and DZ twins. The generalized estimating equation (GEE) model was used to assess if there
was an association between depressive symptoms and inflammatory markers. Analyses were
repeated after adjusting for potential confounding factors. To avoid model overfitting, we
constructed a “base” model that included the Framingham Risk Score, a commonly employed
summary index of CAD risk that incorporates information on the presence and severity of the
following CAD risk factors: age, LDL-cholesterol, HDL-cholesterol, blood pressure, diabetes
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mellitus, and current smoking. In a separate step, we considered additional a priori specified
potential confounders or mediators, including WHR and physical activity. Further adjustment
for pack-years of smoking, marital status, and education was also performed, although none
of these factors materially changed the study estimates when included in the models. To
improve the distributional properties of inflammatory markers, the values were log-
transformed and the geometric means were shown in the tables. A two-tailed p < .05 was
considered significant, which was corrected for the correlation between co-twins using GEE.
These analyses were performed using the statistical software package SAS, Inc. version 9.0
(SAS, Inc., Cary, North Carolina).

To estimate the relative contributions of genetic and environmental influences on the
correlation between depressive symptoms and inflammation, structural equation models were
constructed, using the software package Mx (40). For any trait of interest, the phenotypic
variation can be divided into three components: additive genetic effects (A), shared (familial)
environmental effects (C), and unique (unshared) environmental effects (E). The assumptions
under these models are that MZ twins share 100% of their genes whereas DZ twins share 50%.
The shared (or familial) environment is assumed to be the same between twins because they
were reared together, whereas unique environmental effects were those not shared between
twin brothers, either MZ or DZ. The latter includes, for example, environmental exposures in
adult life that were not shared by the twins. A greater similarity of phenotype(s) in MZ twins
as compared with DZ twins, as indicated by a higher intraclass correlation in MZ than DZ
twins, suggests a genetic effect.

The univariate genetic models were fit to estimate the heritability for inflammatory markers
and depressive symptoms before and after adjusting for covariates. Furthermore, a bivariate
Cholesky decomposition was used to estimate the additive genetic effects (A), shared
environmental effects (C), and unique environmental effects (E) between depressive symptoms
and inflammatory markers (Figure 2) (41). The correlation between the two traits was similarly
partitioned into components resulting from additive genetic influences, shared environmental
influences, and unique environmental influences plus measurement error (Figure 2). A series
of models were fitted to bivariate variance-covariance matrices. The significance of each
component (A, C, and E) was tested by removing them sequentially in specific submodels and
comparing them with the full model. Standard likelihood-ratio tests between models were used
to assess the importance of each variance component on the fit of the model. Another statistic,
the Akaike’s information criterion (AIC), was also used to determine the optimal fitting model,
where a lower AIC indicates a more parsimonious and thus a better fitting model.

RESULTS
Of the 210 THS twins without lifetime history of MDD, 22 were excluded because one or both
of twins were found to have a history of CAD at the time of our examination (previous
myocardial infarction, angina pectoris, coronary angioplasty, or coronary bypass surgery),
leaving 188 for the analysis. The mean ± SD age was 55 ± 2.75 years (range = 47–60 years).
Table 1 shows the demographic characteristics and risk factors in MZ and DZ twins. For all
study factors, there were no significant differences according to zygosity.

As shown in Table 2, current depressive symptoms were significantly associated with increased
plasma levels of inflammatory markers (p < .001 for IL-6 and p = .005 for CRP). Adjustment
for the Framingham Risk Score did not alter the results. After adjusting for WHR and physical
activity, the association between BDI and IL-6 was attenuated but remained statistically
significant (p = .002), whereas the association between depressive symptoms and CRP became
no longer significant. These results suggest that abdominal obesity and lower physical activity
may confound the association between inflammation and depressive symptoms, particularly
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for CRP. Of these two variables, WHR seemed the most important confounder, because it was
significantly related to CRP in the multivariable model (p = .001), whereas physical activity
showed a borderline association (p = .08). Further adjustment for pack-years, marital status,
and education did not change the study estimates.

For both inflammatory markers and depressive symptoms, the intraclass correlations within
MZ twin pairs were consistently higher than those within DZ twin pairs, indicating genetic
influence (Table 3). This was confirmed by univariate analysis. The best fitting models for all
traits included only genetic and unique environmental contributions. The heritability of IL-6
was estimated as 37% (95% Confidence Interval (CI) = 11% to 57%), whereas the heritability
of CRP was 65% (95% CI = 46% to 77%). For depressive symptoms, the heritability was
estimated as 48% (95% CI = 23% to 66%) and the remaining variance was explained by unique
environmental factors. After adjusting for covariates, the heritability estimations remained
similar.

Next, we estimated the relative contributions of genetic and environmental factors to the
association between current depressive symptoms and IL-6. The bivariate model fitting results
are presented in Table 4. Both before and after adjustment for covariates, the most parsimonious
model was fit by allowing for additive genetic (A) and unique environmental (E) influences,
whereas the CE model was significantly (or borderline) worse compared with the full ACE
model (p = .065 and p = .04, respectively). Table 5 shows the parameter estimations for the
best fitting AE models. Before adjusting for covariates, the genetic correlation between
depressive symptoms and IL-6 was significant (rG = .22, p = .046), whereas the environmental
correlation was not significant (rE = .11, p = .17). Thus, in unadjusted analysis, of the overall
correlation between depressive symptoms and IL-6 (r = .33), about 66% was due to the same
genetic factors. After adjustment for covariates, the genetic correlation remained significant
(rG = .27, p = .02), whereas the environmental correlation decreased dramatically (rE = .02,
p = .80). As a result, after adjustment for other risk factors, genetic factors accounted for about
93% of the covariation between depressive symptoms and IL-6.

DISCUSSION
In a sample of predominantly healthy twins, we found a robust correlation between the severity
of depressive symptoms and increased plasma levels of IL-6, which withstood adjustment for
potential confounders. Bivariate genetic analyses indicated that a shared genetic vulnerability
explains most of this association, even after adjustment for other risk factors. These results
suggest that depressive symptoms and inflammation may be the expression of a common
biological pathway that is genetically modulated.

There has been growing evidence that both inflammation and depression play important roles
in the development and progression of cardiovascular disease. Thus, it is perhaps not surprising
that depression is accompanied by increase of inflammation in patients with CAD (17,26,42–
44). Even among presumably healthy individuals (20–23), however, depressive symptoms are
associated with elevated cytokine production (e.g., IL-6) and acute-phase proteins (e.g., CRP).
Several community-based studies have found a positive correlation between plasma IL-6 and
depressive symptoms in the elderly (11,19,45). In healthy young adults, increased levels of
inflammatory markers were also associated with severity of depressive symptoms or a more
recent episode of depression in a number of studies (16,46,47). In contrast, among 226 healthy
volunteers aged 47 to 59 years, Steptoe et al. (48) found no correlations between depressive
symptoms and markers of immune and vascular inflammation.

We found a positive correlation between depressive symptoms and plasma levels of IL-6 in
our middle-aged male twins (aged 47–60 years). A possible reason why previous studies on
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general population samples have been inconsistent may be related to confounding, which is
difficult to control in community settings. By using a twin design and by adjusting for lifestyle
factors in statistical analyses, our study controlled more completely for potential confounders
than previous investigations. For example, family influences and unmeasured lifestyle factors
deriving from a shared environment while growing up are successfully controlled in the twin
design. In addition to IL-6, we found an association between depressive symptoms and CRP
(p = .005). This association was no longer statistically significant after adjustment for
cardiovascular and lifestyle risk factors. Specifically, our results indicated that the relationship
between depressive symptoms and CRP may be confounded by WHR. Our finding is consistent
with several previous studies (11,15,18,49) in which the association between CRP and
depression was ultimately explained by other variables. Recently, Miller et al. (46) suggested
a model in which depressive symptoms promote weight accumulation, which in turn activates
an inflammatory response. This hypothesis may provide a pathway underling the interrelations
among depression, adiposity, and CRP.

Several mechanisms linking depression and inflammation have been proposed (25,26,50,51).
Hypersecretion of the corticotrophin-releasing hormone (CRH) has been demonstrated in
depressed patients as manifested by increased cerebrospinal fluid concentrations of CRH
(52,53). CRH is a primary regulatory hormone in response to stress, secondary to activation
of hypothalamic-pituitary-adrenal (HPA) axis, and has been found to stimulate the release of
proinflammatory cytokines (54). However, a reverse relationship has also been suggested, such
that inflammatory cytokines have profound stimulatory effects on HPA axis hormones and
CRH, which in turn contribute to depression (55).

In addition to the bidirectional relationship between depression and inflammation, another
possible explanation for this relationship is that these two processes may share a common
underlying mechanism, such as a common genetic vulnerability. The role of genetic factors on
depression and inflammation has been well established by family, twin, and adoption studies
(56–60). Heritability is estimated to account for 37% to 75% of the liability for MDD.
Depressive symptoms also show a significant genetic influence (49,52,53). Studies of systemic
levels of inflammatory markers in families and twins suggested that a considerable part of the
variation in these biomarkers can be explained by genetic factors, with heritability estimations
of 0.17 to 0.58 for IL-6 (57,58). Our heritability estimates are consistent with these previous
findings (h2 = 0.48 and 0.37 for depressive symptoms and IL-6, respectively). Given the
substantial genetic influence on both depressive symptoms and inflammatory biomarkers, it is
conceivable that common genes contribute to both these phenotypes. Our study addressed
precisely this question. Both before and after adjusting for covariates, we found significant
genetic correlations between depressive symptoms and IL-6. These results indicate that
common genes contribute substantially to the covariation of the two processes: in unadjusted
analysis, 66% of the correlation between depressive symptoms and IL-6 was due to shared
genetic factors; after adjustment for other risk factors, about 93% of the correlation was due
to shared genes. These results complement and expand our previous finding of a common
genetic liability to MDD and inflammation (27), suggesting that such a link may also exist for
depressive symptoms in the absence of MDD.

Common genes that may be involved in the regulation of both depressive symptoms and
inflammation include those in the HPA axis, or in the autonomic nervous system and serotonin
pathways (61–63). For example, a higher prevalence of certain alleles in the glucocorticoid
receptor gene has been observed in patients with major depression than controls (64). One
recent study also reported that a common haplotype in this gene was related to a more active
proinflammatory system and a higher risk of myocardial infarction (65). In addition, genetic
polymorphisms in serotoninergic genes, such as the serotonin transporter, serotonin receptors,
and monoamine oxidase A, have been associated with depression (12). Serotonin, on the other
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hand, has been suggested to increase IL-6 synthesis in human vascular smooth muscle cells
(66). Clarification of the roles of these common genetic variants in the inflammatory process
will improve our understanding of the mechanisms underling brain-immune interactions, and
ultimately point to more effective primary prevention strategies for the identification and
treatment of individuals at highest risk of CAD.

There are several limitations to this study. First, our sample is derived from a twin registry of
military veterans, where the members may be healthier than, or in other ways different from
the general population of similarly aged individuals (31). Second, our analyses included only
males; thus, one should be cautious to extend our results to females. Finally, twins with MDD
were excluded from our analysis, and thus, the results may not be extrapolated to people with
MDD. However, our previous co-twin analysis of the MDD-discordant twin pairs suggested
that genetic liability may also underlie the association between MDD and inflammation (27).
In addition, exclusion of the MDD twins could have biased our sample toward lower levels of
depressive symptoms. However, because so few twins with MDD were currently depressed,
we do not believe that this exclusion significantly biased our analysis.

In conclusion, we found that depressive symptoms are significantly correlated with IL-6 in
apparently healthy individuals and that this covariation is due, in large part, to common genetic
influences. These results suggest that depressive symptoms and inflammation are the
expression of a common biological abnormality that is genetically modulated. Identification
of the underlying genetic factors may be important for CAD risk and for our understanding of
the mechanisms underlying brain-immune interactions.

Glossary

CAD coronary artery disease

MDD major depressive disorder

IL-6 interleukin-6

CRP C-reactive protein

THS Twins Heart Study

VET Vietnam Era Twin

MZ monozygotic

DZ dizygotic

HDL-C high-density lipoprotein cholesterol

LDL-C low-density lipoprotein cholesterol

WHR waist-hip ratio

BDI-II Beck Depression Inventory-II

GEE generalized estimating equation

AIC Akaike’s information criterion

CRH corticotrophin-releasing hormone

HPA hypothalamic-pituitary-adrenal

SD standard deviation

Ln logarithm transformation

CI Confidence Interval
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Fig. 1.
Flow chart showing the construction of the Twins Heart Study sample. NHLBI = National
Heart, Lung, and Blood Institute; CHD = coronary heart disease; MDD = major depressive
disorder.
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Fig. 2.
A schematic diagram for the bivariate biometric model examining the relationship between
depressive symptoms (Beck Depression Inventory, BDI) and inflammation (Infla). Factors
influencing BDI and inflammation include genetic factors (A), shared environment (C), and
unique environment (E). Correlations between these factors across traits are represented as
rG, rC, and rE, respectively.
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TABLE 1

General Characteristics of Demographic, Behavioral, and Coronary Risk Factors in Monozygotic (MZ) and
Dizygotic (DZ) Twins

MZ Twins
(n = 108)

DZ Twins
(n = 80)

Age, years 54.9 ± 2.84 54.9 ± 2.64

Married, % 83.3 82.5

Current smoker, % 11.1 16.3

Mean body mass
  index, kg/m2

28.8 ± 3.97 29.3 ± 5.08

Mean waist-to-hip
  ratio

0.94 ± 0.06 0.94 ± 0.06

Mean physical activity
  (Baecke) score

7.47 ± 1.41 7.68 ± 1.41

Hypertension, % 44.4 41.3

Diabetes, % 3.7 7.5

Mean Framingham 5.91 ± 1.99 5.56 ± 2.10

  Risk Score

Mean Beck 3.25 ± 4.58 4.39 ± 5.46

  Depression

  Inventory score

Mean interleukin-6,
  pg/mLa

1.69 ± 1.82 1.69 ± 1.94

Mean C-reactive
  protein, mg/La

1.14 ± 3.01 1.23 ± 2.57

Mean ± standard deviation values and percentage are shown.

a
Geometric means calculated from means of log-transformed values.

Psychosom Med. Author manuscript; available in PMC 2010 July 16.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Su et al. Page 15

TABLE 2

Unadjusted and Adjusted Associations Between Current Depressive Symptom Levels and Inflammatory Markers

Ln IL-6 Ln CRP

β p β p

Unadjusted

  BDI score 0.040 <.001 0.034 .005

Adjusted model 1a

  BDI score 0.042 <.001 0.036 .001

Adjusted model 2b

  BDI score 0.032 .002 0.017 .16

Adjusted model 3c

  BDI score 0.026 .046 −0.001 .95

IL-6 = interleukin-6; CRP = C-reactive protein; Ln = logarithm transformation; BDI = Beck Depression Inventory.

a
Adjusted for Framingham Risk Score.

b
Adjusted for Framingham Risk Score, waist-hip ratio, and physical activity.

c
Further adjusted for pack-years of smoking, marital status, and education. Regression coefficient (β) and p values were derived from generalized

estimating equation models.
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TABLE 5

Parameter Estimates From the Best Fitting Bivariate Models for Depressive Symptoms and IL-6

Traits a2 (95% CI) e2 (95% CI) rG (95% CI) rE (95% CI)

Unadjusted

  BDI 0.49 (0.24–0.68) 0.51 (0.32–0.76) 0.22 (0.002–0.53) 0.11 (−0.03–0.35)

  IL-6 0.39 (0.13–0.59) 0.61 (0.41–0.87)

Adjusteda

  BDI 0.51 (0.25–0.70) 0.49 (0.30–0.75) 0.27 (0.03–0.62) 0.02 (−0.08–0.25)

  IL-6 0.44 (0.17–0.64) 0.56 (0.36–0.83)

BDI = Beck Depression Inventory; IL = interleukin; CI = Confidence Interval; a2 = additive genetic influence (heritability); e2 = unique environmental
influence.
rG = correlation between BDI and IL-6 due to genetic factors.
rE = correlation between BDI and IL-6 due to unique environmental factors.

a
Adjusted for Framingham Risk Score, waist-hip ratio, and physical activity. Further adjustment for pack-years, marital status, and education did not

substantially affect the study estimates.
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