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Abstract
Background—The goal of this study was to investigate the concurrent and prospective
relationships between a history of single and recurrent Major Depression Disorder (MDD) and the
medical conditions of cardiovascular disease (CVD) and diabetes using a community sample of
middle- and older-aged women.

Methods—Data from women (n=557 at baseline; mean age=55.7 yrs.) participating in a two-
wave longitudinal study (5-year interval) were used to examine associations between single and
recurrent MDD, assessed with a structured clinical interview, and three self-report indicators of
CVD (heart attack or myocardial infarction, stroke, angina), major CVD risk markers
(hypertension, high cholesterol), and diabetes. Analyses were conducted to evaluate hypotheses
which proposed that recurrent depression would be significantly associated with the three medical
outcomes, but not single episode MDD.

Results—After controlling for a range of important covariates (e.g., BMI, smoking, alcohol use),
cross-sectional analyses indicated that recurrent MDD, but not single episode MDD, significantly
predicted CVD risk and diabetes. Prospective analyses indicated that recurrent MDD, but not
single episode MDD, increased the risk for CVD and diabetes.

Limitations—The sample was a predominantly white, middle-class sample so generalizability of
findings may be limited for minorities and men. Reliance on self-report data may have biased the
findings.

Conclusions—These findings suggest the benefits of measuring single versus recurrent MDD
when investigating the risk of depression on chronic diseases. Findings also suggest the
importance of identifying individuals suffering from recurrent MDD early in their lifespan with
the goal of preventing future depressive episodes.
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Introduction
As the US population is disproportionately “graying”, it becomes increasingly important to
understand the complex interrelationships among mental disorders and medical conditions.
A specific research area that has garnered increasing attention is the link between depression
and cardiovascular disease (CVD) and other medical conditions (e.g., diabetes) (Chapman et
al., 2005; Duivis et al., 2011; Mezuk et al., 2008). Depression, CVD, and diabetes are highly
prevalent conditions and are also highly comorbid. Studies investigating the prevalence of
Major Depressive Disorder (MDD) among representative samples in the US have found
lifetime rates on the order of 15%, with women having a significantly higher prevalence of
lifetime MDD relative to men (Hassin et al., 2005; Kessler et al., 2005). Wassertheil-
Smoller et al. (2004) reported data from the Women’s Health Initiative indicating that 15.8%
of the women in this sample reported high levels of current depressive symptoms and 12.3%
reported a history of depressed mood. Diabetes has a similarly high prevalence among
adults. The Centers for Disease Control and Prevention (CDC, 2011) estimated a prevalence
rate among adults 20 years and older at 11.3% for diagnosed and undiagnosed diabetes. The
rate in men was 11.8% and in women it was 10.8%. Type 2 diabetes accounted for 90–95%
of all cases in adults. Finally, heart disease is the leading cause of death among both males
(25.4%) and females (24.5%) in the US (CDC, 2008a; 2008b). Thus, as would be expected,
coronary diseases and coronary risk factors are quite high in the general population. For
example, data from the 2011 National Health Interview Survey (CDC, 2012) indicated that
6.3% of respondents reported coronary disease (i.e., coronary heart disease, angina pectoris,
and/or heart attack), 24.3% reported hypertension, and 2.6% reported a stroke. These
percentages increased with increasing age of the participants.

While each of these conditions independently account for high levels of morbidity, there are
also high rates of co-occurrence among them. For example, individuals with Type 2 diabetes
have almost twice the rate of depression relative to those without diabetes (19.1% versus
10.7%, respectively) (Roy and Lloyd, 2012), and depression is associated with a 60%
increased risk of Type 2 diabetes (Mezuk et al., 2008). Current depression, along with a
history of depression, have been linked to cardiac events and subclinical coronary disease
both concurrently and longitudinally (Jones et al., 2003; Rowan et al., 2005; Rozanski et al.,
1999; Wagner et al., 2006). Cardiovascular disease is a frequent complication of Type 2
diabetes (Howard and Magee, 2000). Adults with diabetes are 2–4 times more likely to have
heart disease or a stroke than people without diabetes (Gregg et al., 2012). Furthermore,
women with diabetes have a significantly higher relative risk of fatal coronary heart disease
than do men with diabetes (Huxley et al., 2006). However, while CVD and diabetes often
co-occur, the majority of people (approximately 75%) in the national population who have
diabetes do not have current CVD (Gregg et al., 2012). Furthermore, research suggests the
potential important link between depression and diabetes independent of CVD (Mazuk et al.,
2008; Roy and Lloyd, 2012).

Although meta-analyses and systematic reviews have demonstrated significant associations
between depression and manifestations of CVD (Pan et al., 2011; Rugulies, 2002; Wuslin,
2004) and diabetes (Anderson et al., 2001; de Groot et al., 2001; Mezuk et al., 2008),
respectively, only a limited number of studies have focused on the different effects single
episode MDD versus recurrent MDD may have on CVD and diabetes. For instance, with a
sample of 336 middle-aged women, Jones et al. (2003) reported that recurrent MDD was
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associated with a two-fold increase in plaque, a biomarker for carotid atherosclerosis. In
contrast, single episode MDD did not significantly predict increases in plaque. The findings
of Wagner et al. (2009) indicated that recurrent depression among postmenopausal women
with Type 2 diabetes was associated with vasoconstriction and endothelial dysfunction, but
not among those with a history of single episode MDD. In a prospective study with a
younger-aged sample, Copeland et al. (2012) reported that recurrent MDD was associated
prospectively with higher levels of C-reactive protein, an immune system marker for
cardiovascular and metabolic diseases in middle and older adulthood (Duivis et al., 2011).
Limitations of the current literature on single episode versus recurrent MDD include
restrictions on comparisons between these two MDD groups versus comparisons to a control
group (Monroe and Harkness, 2011), and mostly cross-sectional (versus longitudinal)
research designs (Holzel et al., 2011).

One of the challenges of investigating the associations between depression and CVD and
diabetes is the potential confounding or “third” variable influences that may attenuate or
eliminate the bivariate associations. Review articles and meta-analyses have catalogued a
number of these factors, including sociodemographic variables (e.g., socioeconomic status),
co-occurring conditions (e.g., overweight or obesity), lifestyle factors (e.g., tobacco and
alcohol use), and stressful life events (Chapman et al., 2005; Rugulies, 2002; Wuslin, 2004).
Mixed evidence has also been indicated for the role of anxiety disorders as possibly
influential in relation to CVD. Some studies have supported this association (Frasure-Smith
and Lesperance, 2008; Martens et al., 2010; Goodwin et al., 2009) whereas others have not
(Jones et al., 2003). Given the high co-occurrence rate of depression and anxiety disorders, it
is beneficial to evaluate the independent contributions of these mental health disorders to
CVD and diabetes.

A second challenge to the study of associations between MDD and CVD and diabetes
pertains to the direction of effects (Keyes, 2004; Ren et al., 2011). That is, the causal status
of the relationship between depression and CVD (and other chronic diseases) could be
bidirectional, contingent on when one is conducting assessments on respondents (e.g., prior
to or after a cardiac event). For example, depression could be a consequence of CVD or
other chronic disorders as individuals attempt to cope with potentially debilitating conditions
and functional limitations. Alternatively, depression may contribute to a set of mediating
conditions such as increased platelets and inflammation that may directly (e.g., by impacting
plaque build-up) or indirectly (e.g., by reducing sleep or level of social support due to
unpleasant depressive symptom expression) contribute to the occurrence of a cardiac event.
It is also possible that common factors contribute to depression and CVD and diabetes (e.g.,
obesity). In the current study, due to the sample characteristics (i.e., a community [vs.
clinical] sample of women) and the few new MDD onset cases that occurred between waves
of measurement, the primary focus was on MDD as a predictor of chronic medical
conditions rather than the reverse, or the study of bidirectional influences.

In the current study, we used two-wave panel data with a community sample of women to
investigate both concurrent and prospective associations between single-episode and
recurrent MDD and indicators of CVD (heart attack, stroke, angina), CVD-risk factors
(hypertension, high cholesterol), and diabetes. In doing so, we controlled for a range of
potential confounding factors (e.g., BMI, alcohol use, cigarette use, and stressful life events)
that have been associated with CVD, diabetes, and depression, so as to rule out these third
variable causes as explanations for any significant relationships between depression and
CVD and diabetes. Likewise, because some studies have suggested that anxiety disorders
are associated with coronary heart disease (Martens et al., 2010), we also controlled for
lifetime anxiety disorders. On the basis of the literature reviewed previously, we
hypothesized that after controlling for significant covariates, recurrent depression would
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significantly predict CVD, CVD risk, and diabetes both in the cross-sectional and
longitudinal analyses, but that single episode MDD would not significantly predict these
outcomes.

METHOD
Participants

The data used in this study were collected as part of a larger, multi-wave panel design
initially focused on risk factors for adolescent and young adult substance use and mental
health (see Windle et al., 2005). The first four waves of the study, conducted at six-month
intervals during adolescence for the initial target sample, involved primary caregivers
(principally mothers) as reporters on child behaviors (e.g., behavior problems) and family
variables (e.g., family income, family history of alcoholism) that the participating child may
not know. The Waves 5–7 assessments occurred at three, five-year intervals and the primary
targets for study were expanded to include not only the adolescents as they transitioned to
young and middle adulthood, but also the parents of these adult children. This paper focuses
on the women’s (mothers’) data collected at Waves 6 and 7 because data on medical
conditions were collected only at these waves. The sample included 557 women at Wave 6
and 506 women at Wave 7. Descriptive statistics for the sample are provided in Table 1.

Procedure
During the adolescent phase (i.e., Waves 1–4), target adolescents were recruited and
surveyed in their high school settings and the participation rate was 76%; primary caregivers
participated via a brief mail survey. One-on-one interviews were conducted at Waves 5 and
6 either in the subjects’ homes or at the host institute of the investigators. Subjects were paid
$40 to complete an interview that lasted approximately two hours. Computer-assisted
personal interviews were used to collect data. At Wave 7, due to budgetary cuts, mail
surveys were completed by parents and returned in self-addressed, stamped envelopes.

This longitudinal study was reviewed and approved by the Institutional Review Board of the
University at Buffalo. Signed informed consent was obtained from participants prior to each
wave of assessment.

Measures
Parental sociodemographic variables—In their individual interviews and the
completion of mail surveys, participants were asked about their age, number of years of
education completed, family income, and other status indicators (e.g., marital and
occupational status).

CVD, CVD-Risk, and Diabetes—Six items regarding medical conditions were used from
the Behavioral Risk Factor Surveillance System Survey Questionnaire developed by the
Centers for Disease Control and Prevention (CDC, 2004). At Waves 6 and 7, participants
were asked if a doctor ever told them that they had each of the following medical conditions:
heart attack (or myocardial infarction), angina, stroke, hypertension, high cholesterol, and
diabetes. Three different indexes were used in the analyses: cardiovascular disease (CVD)
with indicators of heart attack, angina, or stroke; CVD risk for hypertension or high
cholesterol; and the single item of diabetes. For CVD and CVD risk, scores greater than one
were recoded to 1; therefore there were three binary outcomes.

Psychiatric Disorders—DSM-IV disorders were derived via personal interviews at
Waves 5 and 6 using the World Health Organization Composite International Diagnostic
Interview (WHO-CIDI; WHO, 1997). Reliability data for the WHO-CIDI have been
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reported (WHO, 1997) and the disorders used in this study included major depressive
disorders, both single and recurrent, and the summation of the following anxiety disorders:
social anxiety disorder, generalized anxiety disorder, panic disorder, and simple phobias.
The WHO-CIDI interview, or interviews with minor modifications that are similar to it,
have been used extensively in epidemiologic studies in the United States (Kessler et al.,
2005) and internationally (Andrade et al., 2003).

Body Mass Index—Self-reports of current height and weight were requested from each
participant and these indicators were then used to calculate a body-mass index (BMI) via
standard conversion formulas (weight in kilograms was divided by height in meters
squared). Self-reported BMI correlates highly with more finely calibrated instruments
(Cronk and Roche, 1982).

Alcohol use—Alcohol use was measured with a standard quantity frequency index (QFI)
that assessed beer, wine, and hard liquor consumption in the past 6 months (Armor and
Polich, 1982). Respondents were asked how often they usually had each beverage in the last
6 months (1 = never to 7 = every day) and, when they had the beverage, on average how
much they usually drank (10-point scale from 1 = none to 10 = more than 8 cans, bottles, or
glasses, depending on the beverage). A QFI of 0.5 ounces of ethanol is equal to 1 drink. In
order to conform more closely to the assumption of distributional normality, we applied a
logarithmic transformation to the resulting consumption values. (The specific transformation
for the quantity-frequency measure of alcohol consumption involved adding 10 to the
original value and then taking the natural logarithm of the summed value.)

Cigarette use—Participants were requested to rate the frequency of last 30-days cigarette
use using a seven-point Likert scale that ranged from never used to used every day. The
validity of self-reports of tobacco and other substance use has been supported in numerous
research studies (Oetting and Beauvais, 1990; Winters et al., 1991) and the correlation
between last 30 day cigarette use and last six-month cigarette use was Pearson r=0.98, p < .
001.

Stressful Life Events—At each wave of measurement participants completed an
adaptation of the Holmes and Rahe scale (1967) to assess stressful life events using two
timeframes—last year and the three years preceding the last year. There were a total of 46
events that can be scored as an aggregate measure of stressors with events covering domains
of work stressors, interpersonal stressors, health concerns-self, health concerns-others,
financial stressors, and criminal/legal stressors.

Statistical Analyses Plan
For the primary analyses, logistic regression analyses were conducted for the binary
outcomes of CVD, CVD risk, and diabetes. For each cross-sectional logistic regression
equation, eight variables were initially entered in a first step of the equation, and then the
hypothesis-driven variables of single-episode or recurrent MDD were entered as a second
step. The initial eight variables were selected to control for possible covariates that may
confound the interpretation of the depression–outcome relationships (i.e., they could provide
alternative explanations for the findings). Two dummy variables were created for the
depressive disorder variables—one was coded “1” for MDD single episode and otherwise
“0”; the second variable was coded “1” for MDD recurrent episodes and otherwise “0”. The
dummy variable coding incorporated the “control” group (i.e., the non-depressive disorder
group) in the “0” category for both variables. Similar to the cross-sectional analyses, eight
covariates were included in the longitudinal (prospective) logistic regression models to
predict Wave 7 outcomes, plus Wave 6 scores of the respective dependent variables were
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entered as control variables (e.g., Wave 6 CVD was controlled in the prediction of Wave 7
CVD). These longitudinal models provided robust tests of the longitudinal associations
between depression and medical outcomes because control was provided for Wave 6
conditions; hence, the predictors were required to significantly predict change across time in
CVD, CVD risk, and diabetes. Note that change in these models reflects the occurrence of
new cases between Wave 6 and Wave 7. The findings for the cross-sectional and
longitudinal models were reported as adjusted odds ratios (AORs) to facilitate interpretation
of individual effect sizes while controlling for all other variables in the regression model.

RESULTS
As shown in Table 1, approximately 19% of the sample reported a single episode of MDD
and 20.3% reported recurrent MDD. The prevalence of chronic medical conditions at Waves
6 and 7 are provided in Table 2 and indicated a moderate increase in conditions across the
approximately five-year interval. The retention rate from Wave 6 (n=557) to Wave 7
(n=506) was 90.8%. Attrition analyses were conducted by comparing those who participated
at both waves of assessment with those who participated only at Wave 6. These comparisons
on Wave 6 variables indicated no statistically significant differences in the prevalence of any
of the medical conditions, on lifetime anxiety or major depressive disorders (whether single
or recurrent MDD), on age, education level, BMI, or level of alcohol use. Those who did not
participate at Wave 7 reported a somewhat lower family income and smoked more cigarettes
per day than the participant group. Collectively, there was scant evidence of selective drop-
out that may have biased parameter estimates in the longitudinal analyses.

Cross-sectional analyses
Table 3 summarizes the findings for the full model equations (i.e., the step 2 model).
Pertinent specifically to the proposed hypotheses, single episode MDD was not significantly
related to any of the three health outcomes while controlling for the eight covariates. By
contrast, recurrent MDD was significantly related both to CVD risk and diabetes, but not to
CVD. The AOR for recurrent MDD indicated that while controlling for the influences of the
other eight covariates, CVD risk was increased approximately one-and-one-half times
(AOR=1.63) and diabetes was increased approximately two-and-one-half times (AOR=2.66)
by recurrent MDD. Other prominent risk factors for these health outcomes were also
statistically significant (e.g., BMI), but the largest AOR for CVD risk and diabetes was for
recurrent MDD.

Longitudinal analyses
Table 4 summarizes the prospective, five year interval findings and indicated that while
controlling for Wave 6 conditions and the eight covariates, single episode MDD did not
significantly predict any of the three outcomes. However, recurrent MDD significantly
predicted increases in CVD and diabetes. The AOR for recurrent MDD indicated that while
controlling for the influences of the other eight covariates, CVD was increased
approximately three-and-one-half times (AOR=3.59) and diabetes was increased
approximately three times (AOR=3.20) by recurrent MDD. Note that the largest AORs (and
confidence intervals) in the prospective analyses were for the Wave 6 health control variable
(e.g., Wave 6 CVD) and this is not surprising given that the Wave 7 health outcomes
included all of the Wave 6 cases plus new cases that occurred between Wave 6 and Wave 7.
This is analogous to a very high correlation between continuous variables at two occasions
of measurement. The inclusion of the Wave 6 control variables for each health outcome was
to provide a stringent test for the substantive hypotheses investigated in this study.
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Ancillary sensitivity analyses
Because the proposed CVD risk factors (hypertension, high cholesterol) and diabetes are
often viewed as risk factors for CVD, we conducted an additional analysis that included
these two Wave 6 variables as predictors in the prospective logistic regression model of
CVD at Wave 7. This analysis was completed to determine if the AOR for recurrent MDD
remained statistically significant and of a similar magnitude following the inclusion of these
additional predictors (i.e., was the AOR sensitive to the exclusion of these two risk factors
for CVD). Hence, this model included the eight covariates reported in Table 4, and Wave 6
CVD, CVD Risk, and Diabetes. Similar to the findings reported in Table 4, recurrent MDD
remained statistically significant and the magnitude of the AOR was unchanged (AOR=3.58,
CI=1.36–9.45).

DISCUSSION
Our findings with a community sample of women were supportive of the hypothesized
relationships between single versus recurrent MDD on CVD, CVD risk, and diabetes. The
cross-sectional findings indicated that, consistent with prior research, older age, lower
education level, and BMI were related to the medical conditions assessed. However, after
controlling for these, and other covariates, recurrent MDD still significantly predicted CVD
Risk (hypertension and high cholesterol) and diabetes. Single episode MDD was not a
significant predictor of any of the three medical outcomes once other predictors were
included in the regression equations. Similarly, in the prospective analyses with a five-year
interval between waves of measurement, recurrent MDD significantly predicted CVD and
diabetes, but single episode MDD did not significantly predict any of the three medical
outcomes. These findings are bolstered by having controlled for a number of major potential
third variable causes (e.g., BMI, tobacco use, alcohol use), and in the longitudinal analyses
controlling for prior health outcomes (e.g., controlling for previous CVD). Thus, recurrent
depression was a significant predictor of increases in the occurrence of CVD and diabetes
across this five-year window. These findings regarding the importance of recurrent
depression are consistent with prior research that has indicated that recurrence or persistence
of depression is more strongly associated with CVD and diabetes than single episode or less
persistent depression (Jones et al., 2003; Wagner et al., 2009). The findings also advance the
literature both with regard to including comparisons among important sub-groups (single
episode versus recurrent MDD) (Monroe and Harkness, 2011), and with using a prospective
versus cross-sectional research design (Holzel et al., 2011).

Because of the constraints of our data, we were unable to address the issue of directionality
in the depression—CVD and depression—diabetes relationships. However, illuminating to
this issue, three recent studies investigated the directionality between depression and
coronary heart disease indicators and risk factors employing longitudinal methodologies
(Duivis et al., 2011; Rowan et al., 2005; Wassertheil-Smoller et al., 2004). Using data from
the Women’s Health Initiative, Wassertheil-Smoller et al. investigated the ability of baseline
depressive symptoms to predict CVD events across a four year period. Their results
indicated that, among women with no history of CVD, depressive symptoms independently
predicted CVD death and all-cause mortality after adjusting for a range of CVD risk factors.
Likewise, Rowan et al. found that, among a sample of adults with no overt CHD at baseline,
baseline depressive symptoms were significant predictors of MI-related hospitalizations and
CHD-related deaths four years later after controlling for a range of CVD risk factors. They
also reported a gradient effect of depressive symptoms such that the higher the symptoms
the greater the risk for a CHD event. A recent longitudinal study of outpatients with
coronary heart disease by Duivis et al. (2011) indicated that depressive symptoms were
significant prospective predictors of inflammation markers, specifically IL6 and hsCRP
levels, but that initial higher inflammation levels were not significant prospective predictors
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of depression. Finally, Mezuk et al. (2008) conducted a meta-analysis and concluded that
depression represented a robust risk factor for the development of Type 2 diabetes, but that
the relationship of Type 2 diabetes to depression was much less strong. Our findings are
congruent with those described above in that a lifetime diagnosis of recurrent MDD was a
prospective predictor of increased risk for CVD and diabetes.

Our finding that recurrent MDD, but not single-episode MDD, was significantly associated
with CVD risk factors and diabetes cross-sectionally and CVD and diabetes longitudinally is
potentially quite important given that the chronic nature of recurrent MDD, and the
subclinical depressive symptoms that sometimes continue during periods of remission,
provide a plausible explanation for MDD’s long-term impact on biological (e.g., levels of
inflammation, plaque build-up, platelet levels), psychological (sadness, hopelessness),
behavioral (smoking, poor dietary habits, sedentary life style, alcohol and substance abuse),
and social (isolation, poor interpersonal relationships) domains that are associated with
higher rates of CVD and diabetes (Rozanski et al., 1999). With regard to the chronic and
progressive nature of recurrent MDD, Solomon et al. (2000) found that the risk of MDD
recurrence increased by 16% with each recurring episode. Kennedy and Paykel (2004)
followed-up a group of severe recurrent depressives 8–10 years after they had remitted from
an index episode. They found that patients who had remitted from the depressive episode
with residual sub-clinical symptoms continued to manifest depressive symptoms across the
years and to report greater social impairment.

Population estimates of the number of acute, single-episode forms of depression are about
60% and the remaining 40% are recurrent cases (Moffitt et al., 2010). Studies focused on
distinguishing single episode versus recurrent MDD have indicated that the latter are
characterized by a younger age of onset, longer duration of depressive episode, family
history of mood disorders, psychiatric co-morbidity, and more negative social interactions
(Burcusa and Iacono, 2007; Holzel et al., 2011; Monroe and Harkness, 2011). Burcusa and
Iacono (2007) also reviewed findings on risk recurrence and concluded that genetic and
biological factors may be more prominent among recurrent cases via increased vulnerability
to stressors. Jindal et al. (2002) compared the electroencephalographic sleep profiles of
remitted patients who had been diagnosed with a single MDD episode versus patients with
recurrent MDD. They found that patients with recurrent MDD continued to manifest greater
sleep disturbances during early remission relative to the single-episode patients. They
concluded that their findings were supportive of a more severe neurophysiological substrate
of MDD among recurrent patients than among single-episode patients. Kendler et al. (1999)
suggested that the clinical features of MDD recurrence, long duration of episodes, high
levels of impairment, and recurrent thoughts of death or suicide likely reflected a high
genetic liability to depressive illness.

Investigation of the mechanisms by which depression may facilitate the development of
CVD and diabetes has focused on the role of immune system functioning and how persistent
or chronic depression suppresses immune system responses which, in turn, yield the body
and associated organ systems (e.g., the heart) more vulnerable to disruption and disease. For
example, Howren et al. (2009) have suggested that inflammatory markers, including C-
reactive protein, interleukin (IL)-1 and IL6 are associated with depression that may, in turn,
be associated with greater cardiac risk. Others have proposed additional neurotransmitter,
neuroendocrine, and autonomic nervous system factors that may serve as mechanisms to
account for the relationships between depression and CVD and diabetes (Gehi et al., 2005;
Nakatani et al., 2005). The role of the hypothalamic-adrenal-cortical system as a central
mechanism whereby stress and depression may overload stress-response circuits and yield
the body more susceptible to disease, including CVD, has also been proposed (Kent and
Shapiro, 2009; Danese et al., 2008). Recurrent depression versus single episode depression
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may reflect both initial greater genetic and biological vulnerability to stressful events and
precipitants of depression, as well as neuroadaptations and bio-regulatory processes that are
non-salubrious with regard to CVD and diabetes. That is, ongoing stress-generation
processes and cognitive, affective, social, and behavioral dysregulation may be more
common among those with recurrent MDD than among those with a time-limited, discrete
episode. Such dysregulated systems may elicit ongoing demands on cellular and organ
systems and not be adaptive with regard to new stress.

Because large epidemiologic studies have indicated an association between depression and
anxiety disorders and cardiovascular disease (Goodwin et al., 2009; Ormel et al., 2007),
because of the high comorbidity between MDD and anxiety disorders, and because anxiety
disorders are more prevalent among women than men, we included a binary (absent/present)
indicator of anxiety disorders in our regression analyses. Within the context of our multi-
variable models, both our cross-sectional and longitudinal analyses indicated no significant
relationships between anxiety disorders and CVD, CVD risk factors, and diabetes. This
finding is similar to that of Jones et al. (2003). In their review of the literature, Rozanski et
al. (1999) found that anxiety disorders were indeed linked to the incidence of acute, cardiac
events (e.g., sudden cardiac death) but not to myocardial infarction. They suggested that
ventricular arrhythmias may be the mechanism by which sudden cardic death (but not MI)
occurs among individuals with anxiety disorders. Because sudden cardiac death was not an
outcome in this study, we were unable to test this hypothesized relationship. Furthermore,
the limited prevalence of some of the specific anxiety disorders precluded the disaggregation
of these disorders.

Recurrent MDD is characterized by an earlier age of onset, longer and more severe episodes,
and a family history of depression (Burcusa and Iacono, 2007; Holzel et al., 2011; Kendler
et al., 1999; Monroe and Harkness, 2011); as such, identification of individuals at-risk for
recurrent MDD earlier in their lifespan and successful treatment of MDD may ameliorate or
prevent the development of cardiovascular disease and diabetes. As we suggested earlier,
individuals with recurrent MDD may get “caught-up” in cycles of non-adaptive functioning,
such as higher levels of stress (e.g., interpersonal, financial), feelings of hopelessness,
tobacco, alcohol, and drug use, poor dietary habits, and low physical activity.
Psychotherapeutic, pharmacological, and behavioral interventions that disrupt these
dysfunctional behaviors and redirect them toward pro-health trajectories would promote
more positive cardiovascular and endocrine functioning.

This study has limitations that need to be considered in interpreting the findings. First, the
sample was primarily non-Hispanic white and female; therefore, findings may not generalize
to other ethnic groups or to men. Second, the medical conditions were self-reported without
verification from other sources (e.g., medical records or physical exam)—faulty memory or
intentional misrepresentation (e.g., social desirability) could have impacted the validity of
these self-reports of medical conditions, though other data suggest the general reliability and
validity of self-report measures of medical conditions (Yoon et al., 2012). Third, while the
longitudinal findings help support that recurrent MDD was a prospective predictor of CVD
and diabetes, the data did not enable the evaluation of bidirectional influences; furthermore,
potential biomarkers and mechanisms that may account for this relationship were not
examined in this study.

Despite these limitations, the study advances knowledge in this area of investigation in three
ways. First, it used both cross-sectional and longitudinal data to examine the associations
between depression and CVD and diabetes while controlling for important covariates.
Second, it specifically compared single versus recurrent MDD while controlling for anxiety
disorders—this facilitated the testing of the specificity of recurrent depression that could not
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be explained by co-occurring anxiety disorders (or other covariates). Third, the study
included middle-aged and older adult women, an age group at increasingly high risk for
cardiac events and diabetes, and the findings support the potential value of supporting
research and targeted interventions that address the relationships between recurrent
depression and CVD and diabetes. Future research would benefit from a focus on the
specific genetic, biological, and psychosocial mechanisms that account for the relationship
between recurrent MDD and CVD and diabetes, and the evaluation of interventions
designed to reduce recurrent MDD and its impact on CVD and diabetes.

Acknowledgments
Role of the funding source

This study was supported by the National Institute on Alcohol Abuse and Alcoholism Grant Nos.R21AA020047
and K05AA021143 awarded to Michael Windle.

The authors thank the National Institute on Alcohol Abuse and Alcoholism for funding this research study.

References
Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. The prevalence of comorbid depression in adults

with diabetes: a meta-analysis. Diabetes Care. 2001; 24:1069–1078. [PubMed: 11375373]

Andrade L, Caraveo-Anduaga JJ, Berglund P, Bijl RV, Graaf RD, Vollebergh W, Dragomirecka E,
Kohn R, Keller M, Kessler RC, Kawakami N, Kilic C, Offord D, Ustun TB, Wittchen HU. The
epidemiology of major depressive episodes: results from the International Consortium of
Psychiatric Epidemiology (ICPE) Surveys. Int J Methods Psychiatr Res. 2003; 12:3–21. [PubMed:
12830306]

Armor, DJ.; Polich, MJ. Measurement of alcohol consumption. In: Pattison, EM.; Kaufman, E.,
editors. Encyclopedic Handbook of Alcoholism. Gardner Press; NY: 1982. p. 72-80.

Burcusa SL, Iacono WG. Risk for recurrence in depression. Clin Psychol Rev. 2007; 27:959–985.
[PubMed: 17448579]

Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System
Survey Questionnaire. U.S. Department of Health and Human Services, Centers for Disease Control
and Prevention; Atlanta, Georgia: 2004.

Centers for Disease Control and Prevention (CDC). Leading causes of death by age group, all males—
United States, 2008. 2008a. Available from: http://www.cdc.gov/men/lcod/2008/
LCOD_menallages2008.pdf

Centers for Disease Control and Prevention (CDC). Leading causes of death by age group, all females
—United States, 2008. 2008b. Available from: http://www.cdc.gov/women/lcod/
2008/08_all_women.pdf

Centers for Disease Control and Prevention (CDC). National diabetes fact sheet: National estimates
and general information on diabetes and prediabetes in the United States, 2011. U.S. Department of
Health and Human Services, Centers for Disease Control and Prevention; Atlanta, GA: 2011.

Centers for Disease Control and Prevention (CDC). Summary health statistics for US adults: National
Health Interview Survey, 2011. 2012. Available from: http://www.cdc.gov/nchs/data/series/sr_10/
sr10_256.pdf

Chapman DP, Perry GS, Strine TW. The vital link between chronic disease and depressive disorders.
Prev Chronic Dis. 2005; 2:1–10.

Copeland WE, Shanahan L, Worthman C, Angold A, Costello EJ. Cumulative depression episodes
predict later C-reactive protein levels: A prospective study. Biol Psychiatry. 2012; 71:15–21.
[PubMed: 22047718]

Cronk C, Roche A. Race and sex-specific tables of BMI. Am J Clin Nutr. 1982; 35:347–354.
[PubMed: 7064895]

Windle and Windle Page 10

J Affect Disord. Author manuscript; available in PMC 2014 September 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.cdc.gov/men/lcod/2008/LCOD_menallages2008.pdf
http://www.cdc.gov/men/lcod/2008/LCOD_menallages2008.pdf
http://www.cdc.gov/women/lcod/2008/08_all_women.pdf
http://www.cdc.gov/women/lcod/2008/08_all_women.pdf
http://www.cdc.gov/nchs/data/series/sr_10/sr10_256.pdf
http://www.cdc.gov/nchs/data/series/sr_10/sr10_256.pdf


Danese A, Moffitt TE, Pariante CM, Ambler A, Poulton R, Caspi A. Elevated inflammation levels in
depressed adults with a history of childhood maltreatment. Arch Gen Psychiatry. 2008; 65:409–
416. [PubMed: 18391129]

de Groot M, Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. Association of depression and
diabetes complications: a meta-analysis. Psychosom Med. 2001; 63:619–630. [PubMed:
11485116]

Duivis HE, de Jonge P, Penninx BW, Na BY, Cohen BE, Whooley MA. Depressive symptoms, health
behaviors, and subsequent inflammation in patients with coronary heart disease: Prospective
findings from the Heart and Soul Study. Am J Psychiatry. 2011; 168:913–920. [PubMed:
21724664]

Frasure-Smith N, Lesperance F. Depression and anxiety as predictors of 2-year cardiac events in
patients with stable coronary artery disease. Arch Gen Psychiatry. 2008; 65:62–71. [PubMed:
18180430]

Gehi A, Mangano D, Pipkin S, Browner WS, Whooley MA. Depression and heart rate variability in
patients with stable coronary heart disease: Findings from the Heart and Soul Study. Arch Gen
Psychiatry. 2005; 62:661–666. [PubMed: 15939843]

Goodwin RD, Davidson KW, Keyes K. Mental disorders and cardiovascular disease among adults in
the United States. J Psychiatr Res. 2009; 43:239–246. [PubMed: 18614179]

Gregg EW, Garfield S, Cheng YJ, Geiss L, Saydah S, Barker L, Cowie C. Trends in death rates among
U.S. adults with and without diabetes between 1997 and 2006: Findings from the National Health
Interview Survey. Diabetes Care. 2012; 35:1252–1257. [PubMed: 22619288]

Hassin DS, Goodwin RD, Stinson F, Grant BF. Epidemiology of major depressive disorder: Results
from the National Epidemiologic Survey on Alcoholism and Related Conditions. Arch Gen
Psychiatry. 2005; 62:1097–1106. [PubMed: 16203955]

Holmes TH, Rahe RH. The Social Readjustment Rating Scale. J Psychosom Res. 1967; 11:213–218.
[PubMed: 6059863]

Howard BV, Magee MF. Diabetes and cardiovascular disease. Curr Atheroscler Rep. 2000; 2:476–
481. [PubMed: 11122781]

Holzel L, Harter M, Reese C, Kriston L. Risk factors of chronic depression-A systematic review. J
Affect Disord. 2011; 129:1–13. [PubMed: 20488546]

Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive protein, IL-1, and IL-6:
A meta-analysis. Psychosom Med. 2009; 71:171–186. [PubMed: 19188531]

Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart disease associated with diabetes
in men and women: Meta-analysis of 37 prospective cohort studies. BMJ. 2006; 332:73–78.
[PubMed: 16371403]

Jindal RD, Thase ME, Fasiczka AL, Friedman ES, Buysse DJ, Frank E, Kupfer DJ.
Electroencephalographic sleep profiles in single-episode and recurrent unipolar forms of major
depression: II. Comparison during remission. Biol Psychiatry. 2002; 51:230–236. [PubMed:
11839366]

Jones DJ, Bromberger JT, Sutton-Tyrrell K, Matthews KA. Lifetime history of depression and carotid
atherosclerosis in middle-aged women. Arch Gen Psychiatry. 2003; 60:153–160. [PubMed:
12578432]

Kendler KS, Gardner CO, Prescott CA. Clinical characteristics of major depression that predict risk of
depression in relatives. Arch Gen Psychiatry. 1999; 56:322–327. [PubMed: 10197826]

Kennedy N, Paykel ES. Residual symptoms of remission from depression: Impact on long-term
outcome. J Affect Disord. 2004; 80:135–144. [PubMed: 15207926]

Kent LK, Shapiro PA. Depression and related psychological factors in heart disease. Harv Rev
Psychiatry. 2009; 17:377–388. [PubMed: 19968452]

Kessler RC, Berglund P, Demler O, Jin RA, Merikangas KR, Walters EE. Lifetime prevalence and
age-of-onset distributions of DSM-IV disorders in the National Comorbidity Survey Replication.
Arch Gen Psychiatry. 2005; 62:593–602. [PubMed: 15939837]

Keyes CLM. The nexus of cardiovascular disease and depression revisited: the complete mental health
perspective and the moderating role of age and gender. Aging Ment Health. 2004; 8:266–274.
[PubMed: 15203408]

Windle and Windle Page 11

J Affect Disord. Author manuscript; available in PMC 2014 September 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Martens EJ, de Jonge P, Na B, Cohen BE, Lett H, Whooley MA. Scared to death? Generalized anxiety
disorder and cardiovascular events in patients with stable coronary heart disease. Arch Gen
Psychiatry. 2010; 67:750–758. [PubMed: 20603456]

Mezuk B, Eaton WW, Albrecht S, Golden SH. Depression and type-2 diabetes over the lifespan: A
meta-analysis. Diabetes Care. 2008; 31:2383–2390. [PubMed: 19033418]

Moffitt TE, Caspi A, Taylor A, Kokaua J, Miline BJ, Polanczyk G, Poulton R. How common are
common mental disorders? Evidence that lifetime prevalence rates are doubled by prospective
versus retrospective ascertainment. Psychol Med. 2010; 40:899–909. [PubMed: 19719899]

Monroe SM, Harkness KL. Recurrence in major depression: A conceptual analysis. Psychol Rev.
2011; 188:655–674. [PubMed: 21895384]

Nakatani D, Sato H, Shiotani I, Kinjo K, Mizuno H, Shimzu M, et al. Influence of serotonin
transporter gene polymorphism on depressive symptoms and new cardiac events after acute
myocardial infarction. Am Heart J. 2005; 150:652–658. [need full ref]. [PubMed: 16209960]

Oetting ER, Beauvais F. Adolescent drug rise: Findings of national and local surveys. J Consult Clin
Psychol. 1990; 58:385–394. [PubMed: 2212174]

Ormel J, Von Korff M, Burger H, Scott K, Demyttenaere K, Huang Y-q, Posada-Villa J, Lepine JP,
Angermeyer MC, Levinson D, de Girolamo G, Kawakami N, Karam E, Medina-Mora ME, Gureje
O, Williams D, Haro JM, Bromet EJ, Alonso Jl, Kessler R. Mental disorders among persons with
heart disease—results from World Mental Health surveys. Gen Hosp Psychiatry. 2007; 29:325–
334. [PubMed: 17591509]

Pan A, Sun Q, Okereke OI, Rexrode KM, Hu FB. Depression and risk of stroke morbidity and
mortality: A meta-analysis and systematic review. JAMA. 2011; 306:1241–1249. [PubMed:
21934057]

Ren BN, Feliciano L, Segal DL. The bidirectional relationship of depression and diabetes: A
systematic review. Clin Psychol Rev. 2011; 31:1239–1246. [PubMed: 21963669]

Rowan PJ, Haas D, Campbell JA, Maclean DR, Davidson KW. Depressive symptoms have an
independent, gradient risk for coronary heart disease incidence in a random population-based
sample. Ann Epidemiol. 2005; 15:316–320. [PubMed: 15780780]

Roy T, Lloyd CE. Epidemiology of depression and diabetes: A systematic review. J Affect Disord.
2012; 142(S1):S8–S21. [PubMed: 23062861]

Rozanski A, Blumenthal JA, Kaplan J. Impact of psychological factors on the pathogenesis of
cardiovascular disease and implications for therapy. Circulation. 1999; 99:2192–2217. [PubMed:
10217662]

Rugulies R. Depression as a predictor for coronary heart disease. A review and meta-analysis. Am J
Prev Med. 2002; 23:51–61. [PubMed: 12093424]

Solomon DA, Keller MB, Leon AC, Mueller TI, Lavori PW, Shea T, Coryell W, Warshaw M, Turvey
C, Maser JD, Endicott J. Multiple recurrences of major depressive disorder. Am J Psychiatry.
2000; 157:229–233. [PubMed: 10671391]

Wagner JA, Tennen H, Mansoor GA, Abbott G. History of major depressive disorder and endothelial
function in postmenopausal women. Psychosom Med. 2006; 68:80–86. [PubMed: 16449415]

Wagner J, Tennen H, Mansoor G, Abbott G. Endothelial dysfunction and history of recurrent
depression in postmenopausal women with Type 2 diabetes: A case control study. J Diabetes
Complications. 2009; 23:18–24. [PubMed: 18413177]

Wassertheil-Smoller S, Shumaker S, Ockene J, Talavera GA, Greenland P, Cochrane B, Robbins J,
Aragaki A, Dunbar-Jacob J. Depression and cardiovascular sequelae in postmenopausal women:
The Women’s Health Initiative (WHI). Arch Intern Med. 2004; 164:289–298. [PubMed:
14769624]

Windle M, Mun EY, Windle RC. Adolescent-to-young adulthood heavy drinking trajectories and their
prospective predictors. J Stud Alcohol. 2005; 66:313–322. [PubMed: 16047520]

Winters KC, Stinchfield RD, Henly GA, Schwartz RH. Validity of adolescent self-reports of alcohol
and drug involvement. Int J Addictions. 1991; 25:1379–1395.

World Health Organization (WHO). Composite International Diagnostic Interview, Version 2.0. World
Health Organization; Geneva: 1997.

Windle and Windle Page 12

J Affect Disord. Author manuscript; available in PMC 2014 September 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Wuslin LR. Is depression a major risk factor for coronary disease? A systematic review of the
epidemiologic evidence. Harv Rev Psychiatry. 2004; 12:79–93. [PubMed: 15204803]

Yoon, SS.; Burt, V.; Louis, T.; Carroll, MD. Hypertension among adults in the United States, 2009–
2010. NCHS data brief, no 107. National Center for Health Statistics; Hyattsville, MD: 2012.
Available from: http://www.cdc.gov/nchs/data/databriefs/db107.pdf

Windle and Windle Page 13

J Affect Disord. Author manuscript; available in PMC 2014 September 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.cdc.gov/nchs/data/databriefs/db107.pdf


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Windle and Windle Page 14

Table 1

Wave 6 Sample Characteristics (N=557)

Variables

Ethnicity

 Non-Hispanic White 99.5%

 Other 0.5%

Age Wave 6: 55.66 (SD=4.71)

Wave 7: 59.98 (SD=4.60)

Current Marital Status

 Married 458 (78.6%)

 Cohabitation 15 (2.6%)

 Divorced 77 (13.2%)

 Widowed 32 (5.5%)

 Never married 1 (0.2%)

Average Number Years of Education 13.84 (SD=2.33)

 Employment Status

 Employed full-time 47.7%

 Employed part-time 16.8%

 Full-time homemaker 10.1%

 Unemployed looking for work 2.0%

 Unemployed not looking for work 6.1%

 Retired 17.2%

Median Family Income (past year) $40,000–$54,999

Lifetime DSM-IV Disorders (%)

 Anxiety Disorder 42.8%

 MDD-Single Episode 19.1%

 MDD-Recurrent Episodes 20.3%
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Table 2

Percentage of Chronic Medical Conditions at Wave 6 (N=557) and Wave 7 (N=506) for Adult Women

Medical Condition Wave 6 (%) Wave 7 (%)

Heart attack 4.3 4.7

Angina 3.9 6.3

Stroke 1.8 2.4

Hypertension 32.4 41.5

High Cholesterol 39.7 49.2

Diabetes 7.2 11.3
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