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Abstract
Objective—To examine and describe vascular depression epidemiology in the United States.

Methods—Cross-sectional data from a national probability sample of household resident adults
(18-years and older; N = 16,423) living in the 48 coterminous United States were analyzed to
calculate prevalence estimates of vascular depression, associated disability and treatment rates. In
this study, vascular depression was defined as the presence of cardiovascular and cerebrovascular
disease (CVD) and CVD major risk factors (e.g., diabetes, hypertension, heart disease, and
obesity) among adults 50-years and older who also met 12-month DSM-IV major depression
criteria.

Results—We estimated that about 3.4% or approximately 2.64 million American adults 50-years
and older met our criteria for vascular depression. Among adults who met criteria for lifetime
major depression, over one-in-five (22.1%) were considered to have the vascular depression
subtype. Secondly, vascular depression was associated with significantly increased functional
impairment relative to the non-depressed population and adults meeting criteria for major
depression alone. Although depression care use was significantly higher among vascular
depression respondents relative to those with major depression alone, practice guideline
concordant therapy use was not.

Conclusions—Vascular depression appears to be an important public health problem that
affects a large portion of the U.S. adult population with major depression, and that it is associated
with excess functional impairment without concomitant better depression care.
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1. Introduction
In the coming decades, unipolar depression has been projected to become the second leading
cause of disability worldwide and the leading cause of disability in high-income nations,
including the United States (Mathers and Loncar, 2006). Major depression is known to co-
exist with multiple chronic health problems associated with vascular disease (Krishnan,
2000). The vascular depression hypothesis suggests that a large subgroup of people with
major depression have concomitant occult neurologic disorders with vascular etiologies (i.e.,
stroke and/or vascular disease risk factors) (Alexopoulos et al., 1997). Neuroradiological
and neuropsychological reports have implicated subcortical structures and related
projections as responsible for the executive cognitive problems and psychomotor retardation
observed in patients with vascular depression (Sheline et al., 2010). Among adults ages 50-
years and older, about half of individuals with major depression evinced subclinical or so-
called silent brain infarcts in the form of subcortical lacunes (Vermeer et al., 2007). Such
findings hint that a large subgroup of patients with vascular depression may experience
excess disease burden relative to non-depressed adults and those with major depression
alone.

In this study, we examined the prevalence and epidemiology of vascular depression in the
United States. The vascular depression hypothesis suggests that a “large subpopulation” of
persons with major depression would be considered to have this subtype of major depression
(Alexopoulos et al., 1997, p.915). Secondly, excess vascular depression disease burden
would be expected in comparison to non-depressed adults and adults with major depression
alone. Thirdly, if vascular depression was associated with higher disease burden as the
hypothesis suggests, then increased rates of depression care would be expected relative to
persons with major depression alone. To achieve these study goals, we use available data
from a nationally representative psychiatric survey.

2. Methods
2.1. Data

The National Institute of Mental Health Collaborative Psychiatric Epidemiology Surveys
(CPES) data were collected between February 2001 and November 2003. Interviewers used
face-to-face computer-assisted technology to collect data from national household
probability samples of non-institutionalized adults. The CPES sample combines data from
three national surveys including the National Comorbidity Survey Replication (NCS-R), the
National Study of American Life (NSAL) and the National Latino and Asian American
Study of Mental Health (NLAAS). The three studies shared a common objective of
collecting information about the prevalence of psychiatric disorders, associated impairments,
and treatment patterns of adult populations in the United States, and were based on common
sampling methods and procedures originating at the University of Michigan’s Survey
Research Center. CPES statisticians reconfigured the initial individual sampling methods to
generate a common sample design with over 20,000 observations allowing investigators to
conduct nationally representative analysis, with sufficient sample sizes and power, for
multiple diagnostic subpopulations. The resulting CPES sample is based on a complex
multi-stage area probability design and includes sampling weights to correct for unequal
probability of selection and non-response bias. The methods used to integrate the individual
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CPES studies are discussed at length in Heeringa et al. (2004), and a detailed treatment of
the development and implementation of the CEPS and its component studies is provided by
Pennell et al. (2004) (Hartley, 1974; Heeringa et al., 2004). The overall CPES response rate
was 72.3%.

2.2. Analysis of subpopulations
We examined the distribution and correlates of vascular depression in the US population age
50-years and older. Appropriate methods for subpopulation analyses of complex sample
survey data were used for estimating descriptive parameters and in analytic models.
Analysis of this de-identified, publicly available dataset was reviewed and approved by the
Wayne State University institutional review board.

2.3. Measures
2.3.1. Vascular depression—Vascular depression was operationalized using Diagnostic
and Statistical Manual of Mental Disorders IV (DSM-IV), World Mental Health (WMH)
Composite International Diagnostic Interview (CIDI) criteria for a lifetime major depressive
episode and the absence or presence of vascular disease or multiple cerebrovascular risk
factors (CVRF) or stroke, conditional on the depressive episode occurring at or after the age
of 49-years. Conditioning depression recency on age 49-years allows us to capture sample
respondents aged 50-years with an ongoing or recent (i.e. within the past 12-month)
depressive episode. The risk factors for cerebrovascular disease included self-reported
medical diagnoses of diabetes, hypertension, heart disease, and obesity. In each case, except
for obesity, respondents were asked to indicate whether a doctor or health professional has
ever told them that they have the condition. Obesity was measured using a recode of the
Body Mass Index based on respondents’ reported height (in inches) and weight (in pounds).
A BMI value of 30 or more was considered obese. Respondents were classified as having a
vascular depression if they met criteria for a depressive episode occurring after the age of
49-years and reported 1) more than one CVRF or 2) a medical diagnosis of stroke.
Respondents that met criteria for lifetime depression with a reported depression occurring
before the age of 49-years, or a report of no medical diagnosis of stroke and no more than
one risk factor for cerebrovascular disease were grouped into a second, other depression,
category. Finally, respondents that did not meet DSM-IV, WHM-CIDI criteria for lifetime
depression were grouped into a third, non-depressed, category.

2.3.2. Days of functional impairment—We used the World Health Organization
Disability Assessment Scale (WHODAS-II) to measure 30-days impairment in five domains
of functioning: 1) overall role impairment; 2) cognition; 3) mobility; 4) self-care; and 5)
social impairment (WHO, 2001). Individuals indicating that they had no such problems in
the 30-days, preceding the interview, were assigned the value zero on the respective
indicator. All other respondents were assigned their self-reported number of days outof-role
for the specific WHODAS-II functional domains. The common metric for the WHODAS-II
outcomes is the total number of the past 30-days of functional impairment in the
aforementioned domains.

2.3.3. Depression care—A three category indicator based on respondents’ use of either
pharmacotherapy or psychotherapy was generated to distinguish between 1) non-users, 2)
users, and 3) adequate depression care users. Assessment of pharmacotherapy use was based
on 1) interview records of pill bottles of respondents’ antidepressant (generic and trade
name) prescriptions, and 2) self-reports of prescription source and duration of use. Drug
coding was done consequent to prescription names review and verification by two board
certified psychiatrists and a psychiatric nurse specialist. To assess psychotherapy, we used
respondents’ self-reports of 1) past-year number of visits made to mental health
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professionals, including psychiatrists, psychologists, counselors, and social workers, and 2)
the duration of these visits in minutes.

We distinguished between depression care users and adequate users by following Practice
Guidelines for the Treatment of Patients with Major Depressive Disorder. Respondents with
supervised anti-depressant use, by a psychiatrist or other prescribing clinician for at least
four visits in the past year, lasting for 45 days or more were coded as meeting criteria for
adequate pharmacotherapy. Respondents with at least 4 visits to a mental health professional
each lasting on average at least 30-min were classified as meeting criteria for adequate
psychotherapy.

2.3.4. Other variables—When appropriate, we account for age and sex as covariates. Age
was included as a continuous indicator. Sex was a dichotomous indicator (0 = Female; 1 =
Male).

2.3.5. Statistical approach—Procedures designed for the analysis of complex sample
survey data in the Stata software package (Version 11.1) were used to perform all study
analyses. More specifically, all estimates accounted for CPES sampling weights that
adjusted for unequal probabilities of selection, non-response, and additional post-
stratification to ensure adequate representation of the U.S. population. In addition, design-
based analyses, accounting for the complex multistage clustered structure of the CPES
samples, specifically a Taylor Series Linearization approach to variance estimation, were
used to estimate correct standard errors.

Our analyses were conducted in four steps. First, we provided sample estimates describing
demographic characteristics. Second, we calculated the prevalence rates for vascular
depression. Third, we estimated the prevalence of depression treatment by type for the two
depression groups of interest. To test for statistically significant differences we calculated
design adjusted tests of differences in proportions, and computed a design corrected chi-
squared test of overall independence between treatment type and depression grouping.
Fourth, we modeled impairment rates as a function of depression grouping controlling for
age and sex. Considering the count nature of the outcomes of interest and to guard against
the stringent assumption of equality between conditional variance and conditional mean
imposed by a Poisson distribution, and account for the skewed nature of our impairment
indicators, (Cameron and Trivedi, 2010) negative binomial regression models were fitted to
estimate impairment days, adjusting for sex and age, in the five impairment domains. The
negative binomial distribution presents a more general fit in applied work where indicators
commonly violate the equidispersion condition characteristic of the Poisson distribution
(Cameron and Trivedi, 2010). Considering the difficulty of model interpretation based on
the coefficients resulting from a negative binomial regression, where incremental change in
the outcome is not constant but rather depends on the values of the model covariates, we
generated incidence rate ratios, which can be roughly interpreted as odds ratios, to facilitate
interpretation.

Incidence rate ratios focus on the ratio of the change in the outcome of interest as a function
of a unit increase in an associated predictor or covariate. Unlike negative binomial
coefficients, incidence rate ratios are constant and independent of the particular values of the
covariates. For instance, an incidence rate ratio of 1.5 implies that the prevalence of the
outcome increases by a factor of 1.5 with a unit increase in an associated covariate (Hardin
and Hilbe, 2007).
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3. Results
3.1. Prevalence

CPES sample characteristics are provided in Table 1. We estimate that about 15.6% (SE =
0.8) of U.S adults ages 50-years and older met criteria for DSM-IV lifetime major
depression. Of the vascular diseases and risk factors we examined, we found that 15.4% (SE
= 1.3) of respondents reported a diagnosis of heart disease, 44.4% (SE = 0.9) reported
hypertension, 14.3% (SE = 0.8) reported diabetes, and 26.5% (SE = 1.0) had a BMI of 30 or
more. Finally, 5.2% (SE = 0.6) of respondents reported a medical diagnosis of stroke.

3.2. Depression groups
In the adult population 50-years and older, 12.2% of respondents were classified as having a
non-vascular depression, and 3.4% met criteria for vascular depression (Table 2). Over one-
fifth (22.1%; SE = 1.8) of respondents who met criteria for DSM-IV lifetime major
depression also met our criteria for vascular depression. Vascular depression was more
common among men (25.5%; SE = 3.9) than women (20.5%; SE = 1.8); however, the
difference did not reach statistical significance (P = 0.22).

3.3. Depression care
About two-fifths of respondents meeting criteria for vascular depression (40.1%) were
treated for depression (Table 3). The non-vascular depression group presented a similar
overall treatment rate. Overall, treatment type was statistically independent from depression
grouping.

3.4. Days of functional impairment
Our negative binomial regression model results indicated that across the five impairment
domains, and controlling for age and sex, both major depression, but especially, vascular
depression had significantly higher incidence rate ratios (IRR) of impairment relative to the
non-depressed group (Table 4). More specifically, the IRR among respondents meeting
criteria for vascular depression compared to respondents with no depression was more than
18 times higher for days out of role, 6.4 times higher for cognition, 3.7 times higher for
mobility, 4.7 times higher for self-care and 7.1 times higher for social interaction. Moreover,
the IRRs for vascular depression were significantly higher than the non-vascular depression
group in impairment days out of role, cognition, mobility and social interactions. The IRRs
for vascular depression were not statistically distinguishable from the non-vascular
depression group for self-care (P = 0.133).

To further facilitate the interpretability of the incidence rates ratios, and quantify the burden
of disease in each of the considered depression groups, we estimate the number of
impairment days in each WHODAS II domain and graph these predicted values in Fig. 1.
Compared to respondents with no major depression each of the considered depression
groups presented a higher predicted impairment average. Impairment differentials were most
evident with the cognition and mobility domains.

The average predicted cognition impairment days were 2.98 (SE = 0.66; P < 0.01) for the
non-vascular depression group, and 4.63 (SE = 1.34; P < 0.01) for those meeting criteria for
vascular depression, compared to 0.72 (SE = 0.16; P < 0.01) days for individuals not
meeting criteria for major depression. When mobility was considered, the predicted averages
for the non-vascular depression group and for those meeting criteria for vascular depression
were 6.71 (SE = 1.41; P < 0.01) and 13.37 (SE = 2.89; P < 0.01) days, respectively,
compared to 3.58 (SE = 0.42; P < 0.01) days for non-depressed individuals.
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4. Discussion
In this study, we reported the first national prevalence estimates of vascular depression in
the United States. We estimated that about 3.4% of the U.S. population or approximately 2.6
million American adults ages 50-years and older met our criteria for vascular depression.
Among middle-aged and older American adults who met criteria for major depression, over
one in five (22.1%) also reported cardiovascular disease comorbidity, which suggests a
vascular basis for their depression (i.e., vascular depression). Secondly, we found that
vascular depression was associated with increased disease burden relative to the non-
depressed and major depression alone populations. Our findings provide population-level
information that vascular depression (i.e., major depression and comorbid CVD) is a
relatively common and disabling condition (Alexopoulos et al., 1997; Sheline et al., 2010).
Clinical and self-management of vascular disease (e.g., smoking cessation) in the presence
of major depression may present extra challenges to care providers and patients.

We found the highest disease burden and functional impairment among respondents meeting
criteria for the vascular depression. While cognitive and psychomotor problems are
considered symptomatic of major depression it is reasonable to infer that this excess
morbidity may be associated with some biological etiology. For vascular depression, it may
be that the microvascular insults and frank strokes are likely contributory factors to the
impairment problems reported by respondents in this study. For example, about 10% of
healthy adults in their 40’s evince so-called silent strokes on MRI studies (Vermeer et al.,
2007). Furthermore, the proportion of silent strokes jumps to over 40% among persons with
one or more vascular disease risk factors and notably 46% among persons with major
depression (Vermeer et al., 2007; Bokura et al., 2008). The association we observed may
simply be related to the additional burden of having comorbid CVD, however, other
problems could explain this additional morbidity. The etiology of mobility and cognitive
impairments in vascular depression could be understood to be sequelae of the subcortical
insults commonly reported in silent stroke studies (Yakushiji et al., 2008; Putaala et al.,
2009). Specifically, apathy and slower information processing, which may have been
interpreted and reported by study respondents as disinterest and psychomotor slowing, and
may play an important role in the excess disease burden we observed among respondents
meeting our criteria for the vascular depression subtype (Butters et al., 2004; Levy et al.,
1998). Thus, the vascular depression hypothesis used to explain the clinical manifestations
among patients with major depression and comorbid CVD may be demonstrable at the
population-level and indicative of increased disease burden. Additional research from non-
human models and epidemiologic work examining neuropsychological performance, brain
structure and functioning may address important remaining questions about the vascular
depression hypothesis and the extent to which it contributes to burden of disability.

The findings herein indicate that CVD and risk factors may commonly occur among persons
meeting major depression criteria. For clinicians, our findings suggest that one of every five
patients with major depression would also have comorbid CVD. While several studies have
examined depression therapies for patients with vascular depression, consensus and
treatment guideline do not exist specifically for this depression subtype (Sheline et al., 2010;
Lichtman et al., 2009; Jorge et al., 2008). We found that depression therapy use and
guideline concordant use was similar between vascular depression and major depression
alone (APA, 2000). We anticipated that depression care would be higher among persons
meeting our criteria of vascular depression owing to its increased disease burden; however,
this was not the case. Secondly, previous work has demonstrated that depression care use is
higher among people with major depression and comorbid medical conditions (e.g.,
diabetes) (González et al., 2008, 2009). While it is not clear from this study why depression
care was not higher among respondents with comorbid CVD, it is clear that monitoring
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depression in the context of comorbid CVD and risk factors presents a more complicated
clinical scenario.

There are several caveats that should be considered when evaluating our findings. First, we
relied on survey data for our national estimates. In-depth clinical and medical information,
such as neuroimaging, were not available. Thus, we can only infer that survey respondents
provided accurate information for medical conditions (e.g., stroke). Nevertheless, with
nearly half of persons 50-years and older with depression evincing silent strokes on MRI
and similarly high rates of subacute infarctions among persons with diabetes and
hypertension, it is highly probable that persons meeting criteria for vascular depression in
this study would also have some brain changes. Secondly, the CPES excluded homeless or
institutionalized persons, which could produce prevalence underestimations. Thirdly, the
WMH-CIDI has a modest sensitivity and high specificity for accurately detecting “true”
psychiatric disorders (e.g., major depression) among respondents (Williams et al., 2007;
Kessler et al., 2003). Thus, it is possible that some cases with “true” psychiatric disorders
were missed, which could artificially inflate the proportion of respondents not meeting
major depression criteria. WMH-CIDI major depression diagnostic test performance could
be biased when comorbid CVD was present. If persons with CVD were less likely to meet
criteria for MDD, our estimates of association of vascular depression with disability would
have been biased toward the null because the reference group would include some persons
with major depression. Fourthly, survey respondents reported impairment days in global
domains. It is not clear from this study whether self-reported impairment measures are
consistent with performance-based measures, such as standardized neuropsychological
testing. Finally, we defined vascular depression as the major depression co-occurring with
CVD and risk factors associated with stroke, and it is possible that we have merely reported
the excess disease burden associated with the co-occurrence of major depression and CVD
and risks.

From a public health perspective, our findings are particularly significant given current U.S.
population trends. The U.S. and world population is growing older and prevalence of
vascular disease is increasing at alarming rates and at earlier ages (Census, 2008; Danaei et
al., 2011; Finucane et al., 2011). Furthermore, few Ameri-cans are treated adequately for
major depression (González et al., 2010). Under an unabated scenario, vascular disease
risks, and by extension vascular depression, would be expected to increase in coming
decades. Furthermore, ethnic/racial minorities who are at higher risk for vascular disease
and depression undertreatment would be at increased risk compared to non-Latino Whites
(Flegal et al., 2010). Assuming mid-century U.S. population projections are reasonably
accurate and stable, current U.S. figures may underestimate the future impact of major
depression disease burden by not considering the intimate interaction between vascular
disease and depression (Mathers and Loncar, 2006).

5. Conclusions
Our findings indicate that vascular depression is a relatively common and disabling
condition among U.S. adults with major depression. The findings reported herein may
instruct future clinical and epidemiologic psychiatric research aimed at reducing disease
burden associated with major depression and comorbid CVD.
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Fig. 1.
Average predicted counts of functional impairment using World Health Organization
Disability Assessment Scales-II past 30-day (WHODAS-II) ratings among respondents 50-
years and older by depression subtype. Results are from the Collaborative Psychiatric
Epidemiology Surveys.
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Table 1

Demographic characteristics of respondents 50-years and older. Results are from the collaborative psychiatric
epidemiology study.

Na %b SEc

Ethnicity/race

 Asians 594 3.3 0.4

 Latinos 825 6.7 0.6

 Blacks 1721 9.1 0.7

 Non-Latino Whites and All others 1997 80.9 1.3

Age (years)

 50–64 3263 56.6 1.9

 65+ 1874 43.4 1.9

Sex

 Female 3059 55.0 1.8

 Male 2078 45.0 1.8

Education (years)

 Less than high school 1524 22.9 1.2

 High school 1438 31.6 1.2

 Some college 1088 23.3 1.2

 College or more 1087 22.2 1.3

Annual household income (US Dollars)

 $0–$17,999 1632 23.3 1.2

 $18,000–$31,999 993 18.0 0.9

 $32,000–$54,999 1010 21.7 1.1

 $55,000 and over 1502 37.1 1.6

a
Unweighted sample numbers.

b
Weighted percentages.

c
Survey design adjusted standard errors.
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Table 2

Prevalence of vascular depression among respondents 50-years and older in the U.S. Results are from the
collaborative psychiatric epidemiology surveys.

Total population Major depression

%c SEd %c SEd

Major depression alonea 12.2 0.7 77.9 1.8

Vascular depressionb 3.4 0.4 22.1 1.8

a
Meeting criteria for lifetime major depression based on World Mental Health Composite International Diagnostic Interviews.

b
Meeting criteria for lifetime major depression based on World Mental Health Composite International Diagnostic Interviews with two or more

reported cerebrovascular risk factors or a report of a medical diagnosis of stroke and a depressive episode occurring after the age of 49-years.

c
Weighted prevalence rates.

d
Survey design adjusted standard errors.
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