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Abstract
Background—Major depressive disorder (MDD) is associated with coronary heart disease (CHD),
but the mechanisms are unclear. The presence of MDD may increase CHD risk by affecting
microvascular circulation. It is also plausible that genetic factors influencing MDD may overlap with
those for CHD. We sought to examine the relationship between MDD and coronary flow reserve
(CFR), the ratio of maximum flow during stress to flow at rest measured in milliliters per minute per
gram of tissue.

Methods—We examined 289 male middle-aged twins, including 106 twins (53 twin pairs)
discordant for a lifetime history of MDD and 183 control twins (unrelated to any twins in the
experimental group) without MDD. To calculate CFR, we used positron emission tomography with
nitrogen 13 (13N) ammonia to evaluate myocardial blood flow at rest and after adenosine stress. A
standard perfusion defect score was also used to assess myocardial ischemia.
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Results—There was no difference in myocardial ischemia between twins with and without MDD.
Among the dizygotic twin pairs discordant for MDD, the CFR was 14% lower in the twins with MDD
than in their brothers without MDD (2.36 vs 2.74) (P=.03). This association was not present in the
monozygotic discordant pairs who were genetically matched (2.86 vs 2.64) (P = .19). The zygosity-
MDD interaction after adjustment was significant (P=.006). The CFR in the dizygotic twins with
MDD was also lower than in the control twins.

Conclusions—Our results provide evidence for a shared genetic pathway between MDD and
microvascular dysfunction. Common pathophysiologic processes may link MDD and early
atherosclerosis.

Substantial evidence has linked depression to cardiac morbidity and mortality. In recent meta-
analyses, major depressive disorder (MDD) was found to be associated with greater than twice
the risk of new coronary heart disease (CHD) events among initially healthy subjects.1,2
However, results are heterogeneous, and the exact mechanisms whereby MDD increases CHD
risk are not clear. Many studies have found little correlation between MDD, or depressive
symptoms, and measures of coronary artery disease severity such as angiographically
determined coronary stenosis,3-5 systolic dysfunction,4-11 and exercise-induced ischemia.8
An unanswered question is whether MDD increases CHD risk by affecting the microvascular
circulation rather than the conduit coronary arteries.

Coronary microvascular disease refers to abnormal vasomotor regulation of the small coronary
arterioles (<200 μm in diameter), which are not visualized by coronary angiography and are
the main determinants of coronary vascular resistance. It is now appreciated that coronary
microvascular disease may precede the development of frank CHD and has independent
prognostic value.12 Since no technique enables the direct visualization of coronary
microcirculation in humans in vivo, the study of coronary microcirculation is indirect and relies
on functional parameters. Coronary flow reserve (CFR) is the ratio of maximum flow during
stress (in response to adenosine in the present study) to flow at rest measured in milliliters per
minute per gram of tissue, an integrated measure of whole coronary circulation. In the absence
of coronary stenosis, CFR provides an index of coronary vasodilator capacity and
microvascular function.13-16

The study of twins offers a unique opportunity to investigate the relationship between MDD
and CHD. Both MDD and CHD are highly heritable, with genetic factors explaining about
40% of the variation in MDD,17 and more than 50% of the variation in early-onset CHD.18

Thus, it is plausible that genetic factors influencing MDD may overlap with genetic factors for
CHD; this common genetic substrate could explain the association between MDD and CHD.
19,20

The purpose of this study was to examine the relationship between MDD and CFR, a global
measure of coronary ischemia and microvascular function, taking into account potential shared
genetic effects by studying a genetically informative sample of twins.

METHODS
SUBJECTS

The Twins Heart Study (THS)21,22 is an investigation of psychological, behavioral, and
biological risk factors for subclinical cardiovascular disease in twins. Briefly, it includes 93
monozygotic and 87 dizygotic twin pairs from the Vietnam Era Twin (VET) Registry,23 a
large registry of middle-aged male-male twins who served in the United States military during
the Vietnam War. Twin pairs were selected for the THS if they were born between 1946 and
1956 and were free of symptomatic cardiovascular disease based on information collected by
the VET Registry. Two groups of twin pairs were randomly sampled: one group included
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MDD-discordant twins, where one member of the pair had a lifetime history of MDD
previously assessed with the Diagnostic Interview Schedule (DIS),24 and the other did not.
The second group of twins included control pairs where neither had a history of MDD. Twin
pairs were examined together at the Emory University General Clinical Research Center
(GCRC). During their GCRC stay, their medical history, including psychiatric history, was
confirmed and updated. The final THS sample included 68 MDD-discordant pairs, 7 MDD-
concordant pairs (both twins had MDD), and 105 MDD-free control pairs. The protocol was
approved by the institutional review board at Emory University, and informed consent was
obtained from all subjects.

ASSESSMENT OF MDD AND OTHER PSYCHIATRIC DIAGNOSES
Lifetime history of MDD was assessed using the Structured Clinical Interview for DSM-IV–
Patient Edition (SCID-P),25 which yields a clinical diagnosis of MDD based on a lifetime
history. Because the SCID-P is considered the gold standard for a diagnosis of MDD, twins
were reclassified according to the SCID-P when the earlier DIS diagnosis did not agree. The
SCID-P also provided a diagnosis of other psychiatric disorders, including a lifetime history
of posttraumatic stress disorder and of alcohol and drug abuse or dependence. Current
substance abuse and other psychiatric diagnoses were infrequent. We also administered the
Beck Depression Inventory-II (BDI-II),26 a standardized scale providing a continuous measure
of depressive symptoms.

PET PROTOCOL
Twins underwent imaging of myocardial blood flow (MBF) with PET nitrogen 13 (13N)
ammonia at rest and following pharmacologic (adenosine) stress during a single imaging
session. All twins were admitted to the GCRC in the late morning or early afternoon on the
day prior to the PET scan and stayed overnight in the GCRC facility. They all received a similar
low-fat dinner and then remained fasting until the PET scan was completed. They were
instructed to abstain from smoking and drinking alcoholic or caffeinated beverages and from
eating any food other than what was served to them. All medications were withheld the morning
of the PET scan. The entire imaging protocol was performed by personnel blinded to the MDD
status of the twins.

The PET data were collected in 2-dimensional mode using a CTI ECAT Exact 47 (921) camera
(5-mm resolution) (Siemens, Knoxville, Tennessee). Initially, a 2- to 3-mCi dose of 13N
ammonia was injected, and a 4-minute static scan was collected and reconstructed without any
corrections to verify subject position. Then, rest and pharmacologic stress (adenosine)
ammonia imaging was performed. The rest and stress imaging protocols were identical except
that a 4-minute infusion of adenosine (0.14 mg/kg/min) was started 2 minutes prior to the
ammonia injection for the stress imaging session. 20 mCi of 13N ammonia were injected, and
a 5-minute, 31-frame dynamic acquisition was started (12 frames × 5 seconds; 3 frames × 20
seconds; and 1 frame × 300 seconds). Data were collected in 47 planes, 3.375 mm thick,
covering a range of 16 cm. Immediately after the conclusion of the dynamic sequence, a 15-
minute gated acquisition was started. Finally, transmission data were collected for 5 minutes
in the windowed mode using germanium 68 (68Ge) rods for segmented attenuation correction.
The process was repeated, including a second transmission scan, for the stress study. Images
were reconstructed with filtered back projection using a Hann filter cutoff at 1 cycle/cm. The
electrocardiographic output was monitored continuously, and blood pressure and heart rate
measurements were taken before, during (every minute), and after the adenosine infusion. The
rate-pressure product was calculated as the mean systolic blood pressure during adenosine
infusion multiplied by the mean heart rate during adenosine infusion divided by 100.
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PET FLOW MEASURES
To calculate CFR, measurements of MBF at rest and during stress were obtained. The last
frame of the dynamic sequence was used as a template for sectorial region-of-interest analysis.
The input function was generated by drawing a region of interest in the left ventricle chamber
on a midventricular slice, and flow was calculated (expressed in milliliters per minute per gram
of tissue) using established techniques.27,28 The left ventricle was sampled radially from 40
different angles, and 40 samples of flow were obtained for each short axis slice. The resulting
hundreds of samples were grouped into 20 segments.

Our main outcome was the overall measure of CFR for the entire myocardium (across all 20
regions), defined as the ratio of maximum flow during stress to flow at rest. Secondarily,
regional CFR was also calculated (ie, left anterior descending, left circumflex, and right
coronary artery).

MYOCARDIAL PERFUSION DEFECT SCORE
In addition to flow measures, we constructed a summation score describing the number and
severity of visible perfusion defects across the 20 segments of acquisition. In each segment,
the defect severity was quantified on a 4-point scale, and these points were then summed up
across the 20 segments yielding a total score. Separate scores were obtained for the rest
(summed rest score) and stress (summed stress score) scans. A reversible defect score (summed
difference score) was obtained by subtracting the rest score from the stress score. These scores,
and a dichotomous indicator of perfusion abnormalities (defined as a summed stress score
≥429), represented secondary perfusion outcomes.

OTHER MEASUREMENTS
All twins provided a medical history and underwent a physical examination, including a fasting
blood test. Standard CHD risk factors were evaluated as previously described.29 Physical
activity was assessed with a modified version of the Baecke Questionnaire of Habitual Physical
Activity used in the Atherosclerosis Risk in Communities (ARIC) Study,30 yielding a global
score of physical activity at work and during sports and nonsports activities.

STATISTICAL ANALYSIS
All P values were corrected for the correlation between co-twins using generalized estimating
equations or mixed-effects models with a random intercept for pair, depending on variable
distribution. We first compared myocardial perfusion data within brothers in the MDD-
discordant twin pairs. This was a matched co-twin analysis of MDD status that controlled by
design for all factors shared by the twins. Twins share maternal factors, genes (50% if dizygotic
and 100% if monozygotic), and childhood and adolescent environment if they are raised
together, as they were in our sample. The within-pair comparison minimizes confounding by
these factors. Control pairs were also compared with MDD twins and with non-MDD twins of
the discordant twin pairs; because this analysis compared unrelated twins, it was not controlled
for familial factors.

The within-pair analyses were further stratified by zygosity to examine the potential influence
of genetic factors on the association between MDD and myocardial perfusion. Since
monozygotic twins share 100% of their segregating genes, the analysis of within-pair
differences in monozygotic twins is fully controlled for genetic factors shared between MDD
and myocardial perfusion. Dizygotic twins only share on average 50% of genes, and differences
among these twins are only partially controlled for shared genetic factors. In general, shared
genetic factors would be indicated if the within-pair difference of myocardial perfusion in
MDD-discordant pairs is smaller in monozygotic than in dizygotic pairs.
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Because we were interested in microvascular dysfunction, in a subsequent step we adjusted
for the presence of perfusion abnormalities. Analyses were further adjusted for CHD risk
factors included in the Framingham risk score, which incorporates age, low-density lipoprotein
cholesterol level, high-density lipoprotein cholesterol level, blood pressure, diabetes mellitus
status, smoking status,31 use of statins, use of antidepressants, and study year. Sensitivity
analyses were conducted by also adjusting for education level, marital status, habitual physical
activity (Baecke score), body mass index, other medications (aspirin, β-blockers, and
angiotensin-converting enzyme inhibitors), rate-pressure product during the adenosine
infusion, and individual CHD risk factors in place of the Framingham risk score.

Since few twins met the criteria for current depressive episode, we also analyzed discordance
using a score of 10 in the BDI-II as a proxy for current MDD. In addition, we examined ordinal
levels of increasing BDI-II score severity with cut points at 10, 14, and 20.26,32 Twins were
considered discordant if they fell into different BDI-II categories. All analyses were conducted
using SAS software, version 9.1 (SAS Institute Inc, Chicago, Illinois). Significance level was
set at .05, 2 sided.

RESULTS
STUDY SAMPLE

Of the 360 THS twins, 54 were excluded because PET imaging was not performed owing to
scheduling conflicts or technical problems with the PET equipment or the imaging acquisition.
Because we wanted complete MDD-discordant pairs for analysis, we further excluded 5 twins
whose pairs became incomplete after the same exclusions, leaving 53 complete twin pairs who
were discordant for lifetime history of MDD (25 dizygotic and 28 monozygotic). Of the
remaining non–MDD discordant twins, 6 pairs were excluded because they were concordant
for MDD, leaving 183 twin pairs both free of MDD who served as controls in the analysis (76
dizygotic and 107 monozygotic twin pairs). In most cases, the MDD in twins with the disease
was in remission; only 4 subjects met the Diagnostic and Statistical Manual of Mental Disorders
(Fourth Edition) criteria for a current major depressive episode. Three discordant twin pairs (2
dizygotic and 1 monozygotic), and 3 twins from the control sample, were further excluded
from the analyses of quantitative MBF because of missing flow data.

Compared with their co-twins without MDD, twins with MDD were less educated, less often
married, less often taking statins, and more likely to smoke (Table 1). The medication regimens
within MDD-discordant twin pairs did not otherwise differ substantially except for
antidepressants. Results were similar when twins with MDD were compared with control twins.
There were no substantial differences between MDD-free twins in the discordant pairs and the
control twins. In the MDD-discordant pairs, there was no significant difference by zygosity in
the association between any risk factor and MDD, except that current smokers were somewhat
more represented in the dizygotic twins with MDD. However, the total number of current
smokers was small, and there was no significant difference between monozygotic and dizygotic
twin pairs in the association between MDD and pack-years of smoking.

IMAGING AND HEMODYNAMICS
Few individuals had a summed stress score of 4 or higher, which would indicate a significant
perfusion abnormality (Table 2). There were no statistical differences between MDD-
discordant twins in perfusion defects, either during adenosine stress testing or at baseline.
Hemodynamic responses during adenosine infusion were also similar, including maximum
systolic blood pressure, maximum heart rate, and average and maximum rate-pressure product
(Table 2). These results did not vary substantially after stratification by zygosity. Discordant
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twin pairs did not differ from control pairs in any of these imaging and hemodynamic variables
(data not shown).

MYOCARDIAL BLOOD FLOW
Resting MBF did not differ significantly between depressed twins of either zygosity and their
nondepressed brothers in the MDD-discordant twin pairs (Figure 1). However, dizygotic twins
with MDD had a blunted hyperemic MBF response to adenosine (0.16 mL/mg/g of tissue less
than their brothers without MDD) (P=.03 for the change in MBF with adenosine from baseline).
As a result, CFR was on average 14% lower in dizygotic twins with MDD than in their brothers
without MDD (Table 3). Such a difference was not present in the monozygotic brothers, who
are genetically identical (P=.01 for the MDD × zygosity interaction).

These results were not affected by adjusting for the presence of myocardial perfusion defects,
defined either as a summed stress score of 4 or higher or as a continuous score. Further adjusting
for the Framingham risk score and additional covariables also did not substantially change the
study estimates (Table 3). Nor did adjusting for individual CHD risk factors in place of the
Framingham risk score generally affect the study estimates. When current smoking was added
to the model, the within-pair difference in CFR in the dizygotic twins was somewhat reduced
to −0.26 (9.8%), but the interaction between MDD and zygosity remained significant (P=.04).

Resting MBF was similar in control twins and MDD-discordant twins (Figure 2). Myocardial
blood flow during adenosine-induced hyperemia was also similar in control twins and non-
MDD twins of either zygosity. The CFR in the control twins was 2.68 (95% confidence interval
[CI], 2.55-2.80), which was similar to the CFR in the non-MDD twins of the discordant pairs,
either monozygotic (2.64; 95% CI, 2.35-2.93) or dizygotic (2.74; 95% CI, 2.44-3.05).
However, the CFR of the control twins was significantly higher than the CFR of the MDD
dizygotic twins (P=.04) but not the MDD monozygotic twins (P=.26), after adjusting for CHD
risk factors and statin use.

Results were similar when regional myocardial territories (left anterior descending, left
circumflex, and right coronary artery) were examined. Major depressive disorder was
associated with lower regional CFR in dizygotic but not in monozygotic twin pairs, and the
MDD × zygosity interaction was significant (P<.05) in all 3 regions. These results indicate that
global myocardial perfusion, rather than specific vascular territories, was reduced in dizygotic
brothers with MDD.

ELEVATED DEPRESSIVE SYMPTOMS
There were 35 twin pairs (15 monozygotic and 20 dizygotic) who were discordant for a BDI-
II score of 10 or higher. Analysis of these pairs yielded results similar to those of the MDD-
discordant pairs. The mean CFR was 17.6% lower in the dizygotic twins with a BDI-II score
of 10 or higher than in their brothers with a BDI-II score lower than 10 (2.44 vs 2.96) (P=.02),
while no significant difference was found in the monozygotic twin pairs (2.54 vs 2.53) (P=.
99). When ordinal BDI-II categories of increasing depressive symptom severity were
considered, results were similar. For each increasing category of BDI-II difference between
brothers, the mean CFR was 0.19 units lower in the twin with the higher BDI-II score if the
twins were dizygotic (P=.049). No difference was found in monozygotic pairs (P=.64). On
average, dizygotic twins with a higher BDI-II score than their brothers had a CFR that was
14% lower than their brothers (P=.03).

Vaccarino et al. Page 6

Arch Intern Med. Author manuscript; available in PMC 2010 July 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



COMMENT
Using PET myocardial perfusion imaging to evaluate a genetically informative sample of twin
pairs discordant for MDD, we found that MDD is associated with lower CFR in dizygotic twin
pairs but not in monozygotic twin pairs. Since monozygotic twins are 100% matched on their
segregating genes, and dizygotic twins are only 50% matched, this finding suggests a shared
genetic pathway between MDD and CFR. In addition, we found that the association is
independent of perfusion defects, suggesting that the microvascular circulation is involved.
Our results are consistent with the hypothesis of a common genetic substrate linking MDD and
microvascular dysfunction. These results have substantial implications for our understanding
of the link between MDD and CHD. First, microvascular disease may be an important link
between MDD and CHD risk. Second, genetic susceptibility plays a role. Thus, not all
individuals with MDD may be at increased risk of CHD.

MDD AND MYOCARDIAL PERFUSION
Major depressive disorder is associated with CHD incidence and mortality, but results are
heterogeneous across studies.1,2 Furthermore, in previous research MDD has shown little
relationship with indicators of ischemia or coronary disease severity. For example, a recent
study in patients with stable CHD found little association between MDD and systolic or
diastolic function, inducible ischemia, or wall motion abnormalities.8 Other studies have
similarly reported no relationship between MDD and measures of disease severity, such as left
ventricula rejection fraction and Killip class,4-6,9-11 angiographically determined coronary
stenosis,3-5 and coronary calcification,7,33 with few exceptions.34-37

To our knowledge, this is the first study to examine the relationship between MDD and
inducible ischemia in a predominantly healthy sample. Using PET imaging, we found that
MDD was not associated with myocardial perfusion defects, either at rest or after
pharmacologic stress with adenosine. However, the myocardial vasodilator response to
adenosine was blunted and the CFR lower in the dizygotic twins with MDD than in their
brothers without MDD. A reduction in global hyperemic response despite no difference in
perfusion defects suggests an involvement of the coronary microcirculation.14

An impairment of coronary circulatory function reflects a proatherosclerotic state with
substantial diagnostic and prognostic implications.38,39 Positron emission tomography is
considered the gold standard for the noninvasive assessment of coronary circulatory function
that can be assessed by pharmacologically increasing MBF.40 It is now well established that
abnormalities in coronary perfusion may be altered by pathophysiologic conditions unrelated
to stenosis,41,42 and patients with CHD risk factors such as hypercholesterolemia,
hypertension, and diabetes mellitus have perfusion abnormalities even in the absence of
coronary occlusion, suggesting coronary microcirculatory dysfunction.16,43-46 Our results
suggest that, similar to traditional risk factors, MDD is associated with perfusion abnormalities
compatible with microvascular dysfunction.

The underlying causes of microvascular disease are multifactorial, and adenosine-induced
hyperemic response (and CFR) is a mixture of both endothelial-dependent and independent
pathways.40 Oxidant stress is a modulator of vasomotor tone and likely plays a role.47 Other
active processes may be involved, such as inflammation, smooth muscle cell proliferation,
apoptosis, and the expression of vascular cellular adhesion molecules, creating a state of
endothelial activation that may contribute to atherosclerosis40 and plaque vulnerability.48,49

In addition to playing a role in cardiovascular diseases, oxidant stress, inflammation, and
immune activation are associated with MDD.50-52 Thus, it is reasonable to hypothesize that
these processes may represent the common link between MDD and coronary vascular
dysfunction.
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GENETIC INFLUENCES
Our results suggest that the link between MDD and CFR is, at least in part, due to shared genes:
no difference was found in the monozygotic twin pairs who are fully matched for genetic
factors. Our data substantiate the hypothesis that shared genes underlie the association between
MDD and CHD.20 An earlier study from the VET Registry53 based on survey data collected
in 1990 and 1992 found a significant genetic correlation of 0.42 between MDD, assessed with
the DIS, and self-reported heart disease. Our findings are in line with those of this earlier study,
which was limited by self-reported data. Our results, however, provide important new
information pointing to microvascular disease as a key component of the shared genetic
pathway between MDD and CHD. The fact that adjusting for smoking somewhat weakened
the association in the dizygotic pairs suggests that inherited factors may act in concert with
behavioral factors to increase microvascular disease in subjects with MDD.

In addition to having a lower CFR than their twin brothers, dizygotic, but not monozygotic,
twins with MDD had a lower CFR than unrelated control twins. This finding confirms that
shared genes are implicated in the association rather than familial environment, which is
postulated to be shared to a similar extent in monozygotic and dizygotic twins. In fact, shared
genetic liability between MDD and CFR can only involve cases of MDD that are heritable.
The case mix of MDD in the discordant dizygotic twin pairs is on average more likely to be
linked to genetic factors than the mix in the monozygotic pairs, since by definition any
differences between monozygotic twins are due to the environment.

Although to our knowledge, no studies examining linkage or candidate gene associations have
studied both MDD and CHD, 2 linkage intervals appear to overlap, 2q33 to 35 and 15q25.3 to
26.2. These regions contain candidate genes related to serotonin and inflammation, 2 pathways
that are biologically relevant to both MDD and CHD.20 In addition, genes that encode key
elements of the autonomic nervous system or the hypothalamic-pituitary-adrenal axis may be
related to both MDD and cardiac function.54-59 Additional pathways may include the
methylenetetrahydrofolate reductase (MTHFR) gene and in the apolipoprotein Egene, which
have been associated with both MDD and CHD in separate studies.60-62

Shared genetic pathways may define common etiologic mechanisms across multiple chronic
conditions. For example, genetic liability toward inflammation, oxidative stress, metabolic
abnormalities, or autonomic dysfunction may predispose to cardiovascular diseases, diabetes,
cancer, and psychiatricand/or neurodegenerative diseases.50,63,64 Consistent with this
hypothesis, our research group recently found evidence for shared genetic pathways between
MDD and inflammation22 and between MDD and autonomic function.21 A shared genetic
liability with MDD has even been described for behavioral risk factors such as physical
activity65 and smoking.66

Our results also provide a clue to the inconsistencies in previous literature concerning the
association between MDD and CHD. If genetically predisposed individuals with MDD are
those at highest risk, the genetic admixture of the population may be the reason for the
inconsistent findings.

LIMITATIONS
Our study is cross-sectional and thus limited in its ability to evaluate the temporal relationship
between MDD and CFR. However, the covariation of these 2 phenotypes may mostly depend
on a common genetic precursor rather than be a cause-effect relationship.

Another limitation is that few twins met the criteria for a current major depressive episode,
preventing us from examining the data in relation to current vs past MDD. However, we did
have information on current depressive symptoms, and the analysis of depressive symptoms
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confirmed the MDD results. On the other hand, the fact that a relationship between MDD and
CFR is seen in persons mostly in remission is clinically important because it indicates that such
a relationship persists over time and may be of significance for chronic processes such as CHD.

Residual confounding is always a possible limitation of any observational study. However, we
had information on a variety of potential confounding factors. Furthermore, the analysis of
twin pairs matched for family background represents an effective strategy to control for many
unmeasured confounding factors.

Although our analysis provides evidence for a common genetic substrate between MDD and
CFR, we were not able to quantify the proportion of the phenotypic correlation that is due to
heritable factors. Our research design systematically selected MDD-discordant pairs. This
precluded genetic modeling of heritability for MDD because we did not have a random sample
of the full registry. By design, our study targets the portion of heritability of MDD that might
be shared with CFR, which is likely only a portion of the total heritability.

Finally, because our twins were middle-aged male military veterans, caution should be used
in generalizing our results to different populations. Our study provides the foundation for future
investigations in diverse sociodemographic groups.

In conclusion, our results suggest a link between MDD and microvascular dysfunction that is
largely due to a shared genetic substrate. Thus, common pathophysiologic processes may link
MDD and early atherosclerosis. Our data indicate that the influence of MDD on CHD risk is
at least in part heritable and that genetically predisposed individuals could be at risk for both
MDD and CHD.
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Figure 1.
Within-pair major depressive disorder (MDD)-discordant twin comparisons of myocardial
blood flow (MBF), averaged over the entire left ventricle. A, Dizygotic hyperemia (after
adenosine infusion); B, dizygotic at rest; C, monozygotic hyperemia; and D, monozygotic at
rest. Each colored line represents a twin pair. The mean (SEM) within-pair differences are
reported for each condition.
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Figure 2.
Myocardial blood flow (MBF), averaged over the entire left ventricle, at rest (basal) and after
adenosine infusion in major depressive disorder (MDD)-discordant and control twin pairs.
Each colored line represents a twin pair. The mean (SD) within-pair differences are reported
for each condition.
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Table 1

Distribution of Demographic, Behavioral, and Coronary Risk Factors in Dizygotic and Monozygotic Twinsa

Risk Factor

Discordant Twin Pairs (n=53 Pairs)
Control Twin Pairs
(n=183 Pairs)Twin Without MDD Twin With MDD

Demographic Factors

Age, y 53.7 (2.9) 53.7 (2.9) 54.8 (2.8)

Greater than high school education 35.8 20.7 33.3

Married 83.0 66.0 82.5

Medical History and Risk Factors

Systolic blood pressure, mm Hg 127 (17) 126 (14) 132 (15)

Diastolic blood pressure, mm Hg 79.9 (10.3) 79.3 (9.0) 81.9 (11.1)

LDL-C, mg/dL 123 (33) 126 (33) 123 (32)

HDL-C, mg/dL 38.5 (8.2) 36.8 (9.5) 38.6 (9.2)

Diabetes 11.5 13.2 6.0

BMI 29.3 (4.4) 28.9 (4.5) 29.2 (4.6)

Current smoker 17.0 34.0 17.5

Framingham risk score 5.3 (2.5) 5.8 (2.1) 5.9 (2.1)

Baecke physical activity score30 7.5 (1.8) 7.3 (2.2) 7.4 (1.6)

Alcoholic beverages consumed in a typical week 4.0 (6.0) 5.1 (8.3) 4.8 (8.0)

Prior coronary heart disease 9.4 9.4 8.2

Lifetime history of PTSD 5.7 11.3 4.9

Lifetime history of alcohol abuse or dependence 41.5 49.1 41.0

Lifetime history of drug abuse or dependence 15.1 20.7 16.4

BDI-II score26 3.8 (4.4) 8.2 (9.2) 3.9 (5.2)

Medications Taken

Antidepressants 7.5 34.0 9.8

ACE inhibitors 18.9 9.4 10.9

Statins 37.7 28.3 20.2

β-Blockers 9.4 13.2 6.0

Aspirin 20.7 18.9 25.1

Abbreviations: ACE, angiotensin-converting enzyme; BDI, Beck Depression Inventory; BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MDD, major
depressive disorder; PTSD, posttraumatic stress disorder.

SI conversion factor: To convert HDL-C and LDL-C to millimoles per liter, multiply by 0.0259.

a
All data are reported as either mean (SD) values or percentages of subjects.
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