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Abstract: Addressing subsyndromal depression in cerebrovascular conditions, diabetes, and 

obesity reduces morbidity and risk of major depression. However, depression may be masked 

because self-reported symptoms may not reveal dysphoric (sad) mood. In this study, the first 

wave (2,812 elders) from the New Haven Epidemiological Study of the Elderly (EPESE) was 

used. These population-weighted data combined a stratified, systematic, clustered random sample 

from independent residences and a census of senior housing. Physical conditions included 

progressive cerebrovascular disease (CVD; hypertension, silent CVD, stroke, and vascular 

cognitive impairment [VCI]) and co-occurring excess weight and/or diabetes. These conditions 

and interactions (clusters) simultaneously predicted 20 depression items and a latent trait of 

depression in participants with subsyndromal (including subthreshold) depression (11≤ Center 

for Epidemiologic Studies Depression Scale [CES-D] score ≤27). The option for maximum likeli-

hood estimation with standard errors that are robust to non-normality and non-independence in 

complex random samples (MLR) in Mplus and an innovation created by the author were used 

for estimating unbiased effects from latent trait models with exhaustive specification. Symptom 

profiles reveal masked depression in 1) older males, related to the metabolic syndrome (hyper-

tension–overweight–diabetes; silent CVD–overweight; and silent CVD–diabetes) and 2) older 

females or the full sample, related to several diabetes and/or overweight clusters that involve 

stroke or VCI. Several other disease clusters are equivocal regarding masked depression; a couple 

do emphasize dysphoric mood. Replicating findings could identify subgroups for cost-effective 

screening of subsyndromal depression.

Keywords: depression, diabetes, overweight, cerebrovascular disease, hypertension, metabolic 

syndrome, stroke, vascular cognitive impairment

Introduction
Physicians and other health providers in primary care are more likely to suspect and 

detect depression in older adults when symptoms of depressed mood are prominent 

(especially feeling sad or blue or reporting crying spells) as part of a diagnosis of 
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major depression.1 However, 20% of adults with clinically 

diagnosed depression do not endorse symptoms of depressed 

mood; this finding has shaped the Diagnostic and Statisti-

cal Manual of Mental Disorders, fourth edition (DSM-IV 

and now DSM-V) diagnostic criteria for major depression to 

require the presence of either depressed mood or anhedonia 

(loss of interest or inability to derive pleasure from normal 

activities).2,3 Furthermore, dysthymic disorder without con-

current or prior major depression and subsyndromal depres-

sive symptoms rival the prevalence of major depression in 

older adults,4–7 have similar risk factors as major depression, 

indicate older patients at risk of developing major depression, 

and worsen medical outcomes.8,9 As with major depression, 

these depressive conditions often are not recognized by health 

providers, or may be dismissed as a normal part of aging, 

unless dysphoric mood is prominent.

In their comprehensive review of depression in the context 

of medical illness, Gastelum et al10 conclude that although 

co-morbid major depression creates additional debilitation in 

many disease conditions, its treatment does not have a major 

impact on medical outcomes. These researchers acknowledge 

that treating depression only once it has developed into an 

episode of major depression may be “…too late in the game 

to meaningfully reverse course”. Instead, they suggest that 

there should be greater preventive efforts to screen and 

address psychosocial stressors in patients who are most at risk 

of developing major depression. However, other research-

ers challenge the pre-occupation with co-morbid major 

depression in diabetes, maintaining that in many situations, 

subsyndromal depressive symptoms, and even subthreshold 

symptoms that are approaching clinical significance, are 

non-pathological manifestations of distress in coping with 

illness-specific stressors and other life stressors that impinge 

on an individual’s capacity to manage their illness.11–14 Dif-

ficulties with glycemic control, for instance, occur at all 

levels of depressive symptoms, even at low levels, suggesting 

that they tap distress rather than depression in this context.15 

On the other hand, clinically significant depression is more 

common when diabetes occurs with co-morbid disease.16

Co-morbid conditions of diabetes, such as cerebrovas-

cular disease (CVD), may suggest illness contexts where 

a pathological process of depression, as well as distress, 

may coexist. Late-life depression (dysthymic, subthreshold, 

subsyndromal, and major depression) may present in atypi-

cal ways, involving low levels of dysphoric mood, such as 

sadness,17 masking the depression from detection. Although 

distress might be experienced, vascular depression may be 

the primary mental health condition. Vascular depression, a 

major category of “masked depression,” is characterized by 

anhedonia and social withdrawal and, in more progressed 

phases, by cognitive impairment and psychomotor retarda-

tion. The literature reveals that etiology is linked to CVD 

and magnetic resonance imaging evidence of lesions in 

frontal caudate circuits, which are associated with advancing 

age,18–20 and may be more prevalent in contexts of life stress 

and inadequate social support.21 In concert with this vascular 

dysregulation, chronic inflammation due to co-occurring 

obesity, diabetes, the metabolic syndrome, and vascular dis-

ease creates pernicious feedback effects involving sustained 

generation of proinflammatory cytokines that contribute to 

the vascular depression.22 Although proinflammatory cyto-

kines such as interleukin (IL)-1 are known to generate sad-

ness, alexithymia (low emotional self-awareness, discussed 

subsequently) in the context of vascular dysregulation may 

mean that dysphoric effects remain attenuated.

There is evidence that diabetes may be a significant risk 

factor for white matter lesions.23,24 Depressive symptoms 

were predicted by small basal ganglia lesions, but not by 

larger basal ganglia infarcts, suggesting an association with 

correlates of small-vessel vascular atherosclerosis, such 

as diabetes and hypertension.19,25 Indeed, advancing age 

and diabetes were among the independent risk factors for 

new silent atherothrombotic brain infarction among older 

Hispanic men and women.26 Diabetes can trigger episodes 

of hyperglycemia, which precipitates endothelial, vascular 

smooth muscle cell, and platelet dysfunction, and increase 

free fatty acids, insulin resistance,27 and cognitive impair-

ment.28 After adjustment for effects from vascular disease, 

diabetes was found to increase risks especially for developing 

vascular dementia, as well as Alzheimer’s disease (which may 

be influenced by vascular factors).28

Similarly, obesity also magnifies the risk of developing 

late-life dementia, after adjusting for effects from diabetes 

and vascular disease.29 Obesity and diabetes may share similar 

pathways in contributing to late-life dementia since both con-

ditions are associated with atrial fibrillation, in part through 

their role in precipitating obstructive sleep apnea.28,30 Thus, 

disease-specific effects of obesity and diabetes may aggravate 

existing vascular conditions that lead to small-vessel vascular 

atherosclerosis, such as hypertension, while precipitating 

other vascular effects. On the other hand, vascular condi-

tions may aggravate pre-diabetes and diabetes progression 

through the metabolic syndrome (a condition of co-occurring 

excess weight, hypertension, and dyslipidemia) since it is a 

risk factor for pre-diabetes, insulin resistance, and glycemic 

dysregulation (hyperglycemia and hypoglycemia).31

These diverse pathways that aggravate pre-diabetes, 

diabetes, and vascular conditions lead us to ask whether 
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certain depressive symptoms, or the overall level of vascular 

depression, may be more prominent when excess weight and/

or diabetes are co-occurring conditions. This issue is criti-

cal because the incidence of age-related atherosclerosis is 

accelerated for individuals with diabetes,32 and co-occurring 

combinations of excess weight, diabetes, and hypertension 

are common in older adults.33 Indeed, different sources of 

evidence converge in implicating inflammatory processes 

in the interrelationships among excess weight, the metabolic 

syndrome, and type 2 diabetes.34

Although there has been little research to identify corre-

lates or co-factors for symptom profiles of masked presenta-

tion of vascular depression, the neuropsychiatric literature 

reveals an interesting vein of empirical work on alexithymia 

(ie, inability to describe and identify one’s emotions related 

to reduced inner awareness of the physiological condition of 

the body). There is evidence, including that from several brain 

neuroimaging studies,35 that alexithymia reduces awareness 

of bodily sensation in autonomic nervous activity, particularly 

in the gut, which may lead to hypertension.36–38 The impaired 

ability to monitor bodily homeostasis in terms of perceptions 

of satiety may undermine glycemic control and precipitate 

hypoglycemia39–43 and increase risks for obesity and dia-

betes,44–46 including diabetes in the metabolic syndrome, a 

cluster condition of metabolic abnormalities, hypertension, 

and obesity.47 In more progressed CVD, alexithymia was 

detected in men and women with a right-hemisphere stroke, 

in addition to women with a left-hemisphere stroke.48 Fur-

thermore, alexithymia was related to serum IL-18 levels in 

patients with right-hemisphere lesions but not to their stroke 

severity.49 The literature does not confirm that when obesity 

and/or diabetes is present, the characteristically low levels of 

sadness and dysphoria in vascular depression remain consis-

tent in more progressed vascular diseases (stroke, post-stroke 

cognitive impairment, and vascular cognitive impairment 

[VCI]). Finally, the very definition of alexithymia suggests 

that it is likely to overlap masked depression characterized 

by low endorsed dysphoric mood since the concepts have 

in common a lack of endorsed emotions. Depression scale 

scores (not deliberately limited to masked depression) in 

patients with diabetes were positively correlated with scores 

on the Toronto Alexithymia Scale;45 however, much remains 

unknown about the relationship between alexithymia and 

depression in vascular-related conditions.

The propensity for masked depression is suggested by 

findings from a meta-analytic review of 19 laboratory stud-

ies of reduced emotional reactivity in persons with major 

depression, compared to non-depressed persons, to both 

positive stimuli (d=-0.53) and negative stimuli (d=-0.25).50 

Persons with major depression report fewer positive life 

events,51,52 and moreover, low sadness reactivity is related 

to lower global assessment of functioning scores.53 The 

findings regarding reduced emotional reactivity to posi-

tive stimuli in individuals with major depression might be 

considered to imply that individuals with major depression 

who do not endorse items of dysphoric mood might still be 

detected based on their responses to items of low positive 

affect because they are likely to be less emotionally reactive 

to the positive emotional stimuli in their lives (ie, they report 

low positive affect regardless of whether the level of positive 

emotional stimuli is normal or deficient). Since older adults 

with cerebrovascular-related conditions often present with 

co-occurring subsyndromal, subthreshold, or dysthymic 

depression, the pattern of low-endorsed dysphoric mood 

items and endorsed positive affect items would need to hold 

in order to identify those at risk for worsening morbidity.

From this review of the literature, it is apparent that 

period(s) of subthreshold, subsyndromal, or dysthymic 

depression symptoms are common but may elude detection 

in CVD, diabetes, and obesity. They may reflect considerable 

distress from difficulties in disease management, represent 

a pathological condition that may indicate or precipitate 

clinical depression, or both. Research efforts should identify 

contexts of distinct medical conditions, co-occurring condi-

tions, and patient subgroups characterized by 1) distinct 

symptom profiles and 2) indistinct symptom profiles where 

there is much symptom heterogeneity from patient-to-patient 

but aggravated overall levels of depressive symptoms. The 

present study contributes to the feasibility of this type of 

research because it demonstrates an advance discovered 

by the author for estimating a multiple indicators–multiple 

causes (MIMIC) structural equations model that specifies 

all possible causal pathways. This exhaustive specification 

makes it possible to reveal these diverse contexts without bias.

Distinct or indistinct symptom profiles may characterize 

subgroups experiencing alexithymia, vascular depression, or 

both. These individuals are not aware of experiencing negative 

affect and are, therefore, less likely to endorse dysphoric mood 

items in the Center for Epidemiologic Studies Depression 

Scale (CES-D). However, it may be hypothesized that risk 

for alexithymia, vascular depression, or both may be revealed 

when these individuals also endorse CES-D items of positive 

affect weakly, or not at all, since indications of low positive 

affect reflect anhedonia (lack of interest or pleasure). It is 

reasonable to expect that it would be easier to recognize that 

one cannot remember feeling happy, hopeful, or enjoying life 

compared to remembering that one actually did feel sad, blue, 

depressed, or had crying spells, as well as how frequently. The 
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findings in the literature of vascular depression characterized 

by low dysphoric mood, and of depression and alexithymia in 

diabetes, CVD, and obesity, suggest that this masked depres-

sion, as revealed by low positive affect, may be prevalent, 

although it is not clear whether masked depression is more 

likely when these conditions occur separately or together.

Therefore, the present study aims to predict the symptoms 

and overall level of subthreshold and clinically significant 

depression, which may be masked in presentation, in older 

adult subgroups with progressive CVD (hypertension alone, 

silent CVD, VCI, stroke, and post-stroke cognitive impair-

ment). More refined subgroups will target participants 

who are also overweight and/or diagnosed with diabetes to 

determine whether specific vascular–metabolic interactions 

contribute to masked depression. The inclusion of items 

that tap positive affect is a special feature of the CES-D 

Depression Scale that may help us detect masked depres-

sion characterized by anhedonia or alexithymia, as well as 

non-depressive distress.

Materials and methods
Although depression in which dysphoric mood is acknowledged 

poses no new methodological concerns, the detection of 

possible masked vascular depression presents a methodological 

challenge. Separate evidence suggests that the potential 

for masked depression may be revealed through screening 

approaches with items to detect low levels of positive mood, 

which are typically excluded from symptom scales and 

diagnostic measures of depression.54,55 An exception is the 

CES-D scale, which is used in the present study. Furthermore, 

CES-D total score thresholds are used to select participants 

with subthreshold (16> CES-D >10) or clinically significant 

(CES-D ≥16) depression. Based on the self-reported 

symptoms, participants with excess weight, diabetes without 

complications, and cerebrovascular conditions were not 

already likely to be experiencing major depression (CES-D 

>27).

Masked vascular depression occurs when participants 

are not likely to endorse depressed mood items that reveal 

self-awareness of dysphoria (felt sad, could not shake blues) 

and yet are likely to endorse low positive mood (including 

anhedonia; reverse-coded items for happy, enjoyed life, 

felt hopeful, as good as others), psychomotor retardation 

(including anhedonia; talked less than usual, bothered by 

things), interpersonal difficulties (people disliked me, people 

unfriendly), or remaining depressed mood items that may 

reflect apathy, fear, or alexithymia (felt depressed, crying 

spells, felt fearful, life a failure). When other depressed mood 

items are low, clinically significant endorsement of “crying 

spells” could be a signal that underlying dysphoria is denied 

or unconsciously experienced (alexithymia).

Sample
The present study analyzed data from the first wave (1982–

1983) of the New Haven, Connecticut site of the Established 

Populations for the Epidemiologic Studies of the Elderly 

(EPESE), a representative community survey of non-insti-

tutionalized adults aged ≥65 years sponsored by the National 

Institute on Aging.56 The two-stage, stratified, systematic 

random sample design was conducted in separate clusters of 

elders living independently in the community. Furthermore, 

all residents of public senior housing (income restricted) and 

private senior housing were included (ie, a census).

The overall sample resulted in 1,169 men (85% response 

rate) and 1,643 women (86.4% response rate). Men were 

oversampled; other sampling weights for non-response and 

a census-based age-by-sex distribution were applied. The 

survey of demographic, psychosocial, and health-related 

characteristics was administered during face-to-face inter-

views. Participants (proxies for 2%) provided written consent. 

The institutional review boards of Columbia and Adelphi 

Universities exempted from review the deidentified, public 

version of these data used in the present study.

Measures
CES-D
The CES-D queries respondents about the frequency of 20 

symptoms over the prior week using a four-category scale 

(“rarely or none of the time” to “most or all of the time”). 

Total scores range from 0 to 60. Research on sensitivity and 

specificity suggests that a total score of 16 or higher reveals 

“clinically significant” depression involving subsyndromal 

depression or a depression syndrome57 and a total score 

between 11 and 15 targets participants with “subthreshold” 

depression who may be at heightened risk of developing clini-

cally significant depression.58 Four factors (depressed affect, 

positive affect, somatic activity and psychomotor retardation, 

and interpersonal problems) were detected across the adult 

age range in several studies, in addition to an overarching 

second-order factor for the overall level of depression.

A rigorous study of elderly medical inpatients revealed 

confounding of CES-D scores with symptoms of physical 

illness in the absence of depression.59 Consequently, in addition 

to using a total CES-D score cutoff of 16 to identify participants 

at risk for a depressive syndrome, the study applied a minimum 

score of 4 on the depressed affect factor (based on five items). 

Use of both criteria linked CES-D scores more closely with 

diagnostic criteria for depression (DSM-III-R), which improved 
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the predictive power of the CES-D. A more stringent score of 6 

was recommended for research studies without a confirmatory 

diagnostic interview and is adopted in the present study.

Cumulative Illness Rating Scale-Geriatrics (CIRS-G)
The CIRS-G is a measure of vascular disease that has been 

used to classify patients with depression as being at risk of 

experiencing a vascular-mediated depression.60 The CIRS-G 

classifies patients into one of five ordinal categories based 

on their most progressed vascular condition. The measure 

has demonstrated reliability and validity in heterogeneous 

samples.61,62

In the present study, similar categories approximating 

the CIRS-G were derived from other New Haven EPESE 

survey items (no hypertension; suspected coronary disease 

or suspected high blood pressure without antihypertensive 

medications; taking antihypertensive medications; 

coronary disease or confirmed high blood pressure without 

antihypertensive medications; and history of non-hospitalized 

stroke, angina, or claudication). The CIRS-G criteria were 

broadened within the last category to include criteria for 

vascular depression subtypes proposed by Steffens and 

Krishnan;20 intermittent claudication and angina are included 

in the final category due to the strong relationship of ischemic 

heart disease and atherosclerosis in cerebral and peripheral 

arteries. The scale appears valid in the New Haven EPESE 

site since those taking antihypertensive medications displayed 

higher readings for systolic and diastolic blood pressures than 

the first two non-treated subgroups in the scale.63

Short Portable Mental Status Questionnaire 
(SPMSQ)
Cognitive functioning was assessed using the SPMSQ. The 

SPMSQ is considered to be reliable and valid in different pop-

ulations of older adults, including EPESE studies involving 

the New Haven and other sites.64 Evidence of impaired cogni-

tive functioning is assessed based on the total error responses, 

“don’t know” responses, and response refusals. Four or more 

errors reflect moderate to severe cognitive impairment. The 

error rate increases with advancing age within each race–

gender subgroup in the New Haven EPESE.56

In the present study, SPMSQ scores provide the basis 

for establishing the ordinal categories of progressive CVD, 

as revealed in Table 1. Based on whether a stroke with hos-

pitalization was reported on the CIRS-G, participants with 

moderate to severe cognitive impairment were classified to 

be at risk for VCI or post-stroke cognitive impairment, the 

two major categories of cognitive impairment due to CVD. 

Other participants reporting a history of vascular disease on 

the CIRS-G who reveal intact through mild cognitive impair-

ment (ie, less than four errors on the SPMSQ) were classi-

fied into categories for acute stroke (with hospitalization), 

silent CVD (other vascular diseases, except hypertension), 

or hypertension.

Blood pressure
The self-reported item of hypertension impacts the first three 

categories of the CIRS-G scale, which are based on elders’ 

self-reports to the items: “Has a doctor ever told you that you 

had high blood pressure? Are you currently taking any medi-

cation for this?” It is important to note the weakness in using 

this measure since its objectivity has not been established.

To correct for possible bias from this item, standardized 

measures of systolic and diastolic blood pressure were used 

to create a separate indicator for detecting potentially unre-

ported hypertension (systolic, diastolic, or both). The average 

of the first and second readings for systolic and diastolic 

blood pressures was used. However, few participants were 

reclassified as having hypertension.

In addition, these standardized measures were used to 

derive a dummy variable for the vascular condition of low 

diastolic blood pressure in the context of normotensive 

systolic blood pressure, which some evidence suggests is 

implicated in co-occurring depression with masked pre-

sentation.65 Diastolic hypotension, which is common in the 

overtreatment of systolic hypertension, may be implicated 

Table 1 At-risk categories of progressive cerebrovascular 
disease (CVD) and diastolic hypotension

Progressive  
CVD

Inclusion criteria Cognitive 
impairment risk 
screen, SPMSQ 
status#

Hypertension Hypertension without  
other vascular disease

Passed

Silent CVD Vascular disease, except 
hypertension alone or  
stroke with hospitalization

Passed 

Vascular cognitive 
impairment

Vascular disease, except  
stroke with hospitalization

Failed

Acute stroke Stroke with hospitalization Passed
Post-stroke  
cognitive  
impairment

Stroke with hospitalization Failed

Low diastolic  
blood pressure*

Diastolic BP <75 mm Hg; 
systolic BP >120 mm Hg

Not applicable

Notes: *Low diastolic blood pressure may result for respondents from any of the 
prior categories and thus is not progressive in relation to them. #SPMSQ reveals 
dementia risk with four or more errors (ie, “failed”).
Abbreviation: SPMSQ, Short Portable Mental Status Questionnaire.
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in vascular depression since it may precipitate or aggravate 

cerebral ischemia and dementia.

Overweight and diabetes
There is some evidence that self-reported height and self-

reported weight are each reliable,66 although proxies were 

used in some cases. In any event, both measures should be 

valid to distinguish respondents who are overweight from all 

others. The body mass index (BMI) was calculated as weight 

in kilograms divided by the square of height in meters. Par-

ticipants scoring 25 or higher on the BMI were overweight 

(24.9 < BMI < 30) or obese (BMI = 30+); they were classified 

as a single group due to insufficient numbers of participants 

in either subgroup.

Participants were also asked whether they had “diabetes, 

sugar in the urine, or high blood sugar.” Despite the weak-

nesses of self-reported diabetes, the estimated gender-based 

prevalences of diabetes in the overall New Haven community 

of older adults (13.5% males; 13.2% females) appear valid 

since they are similar to those obtained from the other three 

EPESE sites.

Of those reporting diabetes, only participants with type 

II diabetes who had not progressed to require insulin and 

without evidence of diabetes complications were coded 

affirmatively within the dichotomous diabetes variable. 

Participants indicating use of insulin were excluded because 

they were assumed either diagnosed with type I diabetes 

(who are likely to present with a very different depression 

symptom profile) or contending with type II diabetes that had 

progressed to require insulin. All participants with indication 

of diabetes complication were excluded based on either vision 

loss (which may reflect retinopathy) or intermittent claudica-

tion (calf pain during ambulation due to peripheral vascular 

disease and often accompanied by peripheral neuropathy) 

because factors associated with diabetes complications may 

confound the masked profile of vascular depression in diabe-

tes without complications. For instance, pronounced sadness 

is common in depression with co-morbid vision loss, which 

may be due to retinopathy.

Demographic correlates and age-associated chronic 
life stressors
Gender, race (black, white), and age were specified as 

co-factors. Several chronic life stressors that may be 

associated with advancing age are also accounted in order 

to distinguish them from developmental effects due to 

aging. Furthermore, vascular depression has been clinically 

observed to occur in contexts of low economic status and 

chronic life stressors, which could aggravate the condition.21

The present study uses an income equivalence scale to 

adjust annual family income to account for family size. A 

dummy variable was created to identify participants with low 

adjusted family income (≤$5,000).

A dummy variable was created to identify participants 

with low education, based on not having completed high 

school.

A dummy variable was created to identify participants 

at risk for social isolation. At-risk participants score two or 

less on an index calculated from survey items regarding the 

number of family members and adult children who are alive, 

as well as the number of close relatives and close friends seen 

at least once a month.

Recent widows (up to 2 years) were distinguished from 

non-recent widows to separate depressive symptoms related 

to recent grief and loss from chronic psychosocial stressors 

associated with widowhood.

There is direct empirical support for some chronic life 

stressors in the context of vascular depression. Family history 

of alcohol or drug use is a highly significant risk factor (odds 

ratio 4.42) in distinguishing patients with vascular depres-

sion from those with non-vascular depression.19 Therefore, a 

dummy variable, alcohol, was created to reflect high alcohol 

consumption based on the summative frequencies of beer, 

wine, and liquor consumed in the past month. In addition, 

dummy variables were created to indicate when participants 

were smokers or reported impairments in instrumental activi-

ties of daily living (impaired IADLs).

Finally, an ordinal variable (0–8) was created to control 

for confounding from the number (and not type) of cerebro-

vascular risk factors (CVRFs) in the explanatory analyses. 

The risk factors that contribute to this measure are hyperten-

sion, myocardial infarction, congestive heart failure, silent 

CVD, VCI, stroke, post-stroke cognitive impairment, any 

diabetes (type 1 with insulin, type 2 without complications, 

and diabetes with complications), and diastolic low blood 

pressure.

Analyses
The independent (x) variables were the progressive vas-

cular conditions (hypertension, silent CVD, VCI, stroke, 

post-stroke cognitive impairment, and low diastolic blood 

pressure), the co-occurring metabolic conditions (over-

weight, type 2 diabetes without complications), and in some 

analyses, demographic correlates and chronic life stressors. 

All independent (x) variables were dummy variables, and 

multicollinearity was low across the set of x variables. The 

outcome (y) variables consisted of the individual items from 

the CES-D Depression Scale, which were four-category, 
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ordinal variables, and in some analyses, the derivative latent 

factor for total depression. SPSS (Version 19) was used to 

derive most of the final variables and obtain frequencies and 

Mplus (Version 5.21) to derive the remaining final variables.

Depressive symptoms endorsed by subgroups of older 

adults with co-morbid metabolic and vascular conditions 

were modeled in Mplus (Version 5.21) using multivari-

ate regression and MIMIC regression based on the MLR 

estimator (maximum likelihood parameter estimates with 

standard errors [SEs] that are robust to non-normality and 

non-independence in complex random samples67).

The analyses test all possible interactions of each of the 

progressive cerebrovascular conditions with overweight, 

diabetes, or both moderator variables. To distinguish whether 

influential contexts may depend on the absence of excess 

weight and/or diabetes, re-estimated analyses replace over-

weight and diabetes, one at a time, with their counterpart 

variable reflecting the absence of the condition; extended 

analyses also test smoker and non-smoker as interacting 

terms. Note that the analyses include both genders and ethnic 

groups (black and white), although when unique estimates 

were possible, models were run separately in older women.

Each of the multivariate regressions predicts the CES-D 

items simultaneously as 20 observed outcomes (ie, multiple 

y variables) without also incorporating them as loadings of a 

latent trait. This means that the multivariate regression may 

reveal whether specific CES-D items of dysphoric mood may 

be visible or masked during screening with the self-reported 

CES-D Depression Scale, but it does not also model the pro-

file of depressive symptoms that occur within the specific, 

co-occurring overweight–diabetes–vascular condition itself 

nor adjust for the level of latent depression.

In contrast, the counterpart MIMIC regression does also 

incorporate this profile of depressive symptoms and adjusts 

for the level of latent depression. It comprises a regression 

(the multiple causes) that predicts a measurement model 

based on a latent trait and their individual observed (y) items 

(the multiple indicators). In the present study, a single latent 

factor for depression is specified, with each of the 20 CES-D 

items loading onto this factor.

Each descriptive MIMIC specifies the overweight and 

diabetes predictors, the progressive vascular condition of 

interest, and their interaction(s) to model the moderating 

effects by overweight condition and/or diabetes on relation-

ships between a cerebrovascular variable and each of the 20 

CES-D items (ie, direct effects), while also accounting for 

their relationship to latent depression (ie, indirect effects). 

These descriptive MIMIC analyses model visible effects 

while controlling for the level of latent depression; however, 

they do not account for potential confounding factors that 

may account for these relationships, which may vary in dif-

ferent samples.

It is important to account for these demographic corre-

lates and chronic life stressors because they may be related 

not only to vascular depression but also to obesity, diabetes, 

and CVD.21 In the parallel explanatory MIMIC, the initial set 

of first-order correlates or co-factors (x variables) consists 

of demographic correlates and age-associated chronic life 

stressors as well as predictors for cancer, congestive heart 

failure, lost 10 pounds, and the number of CVRFs. These 

potential confounding predictors are specified prior to the 

overweight and diabetes predictors, the progressive vascular 

condition of interest, and their interaction(s). Finally, the 

specific interaction terms are specified to model the mod-

erating effects by overweight condition and/or diabetes on 

relationships between a cerebrovascular variable and each of 

the 20 CES-D items (ie, direct effects) after accounting for 

their relationship to the latent factor of depression (ie, indi-

rect effects). Since a number of descriptive MIMIC models 

are tested, each explanatory MIMIC also prevents accepting 

spurious findings that may arise from type 1 error. Figure 1 

illustrates the explanatory MIMIC for the interactions among 

hypertension, overweight, and diabetes in older males.

A limitation of MIMIC models in the literature concerns 

the lack of an approach to specify these models so that 

unique estimates can be obtained for all slope parameters 

and their SDs. In order to obtain an identified model, one 

of the pathways in the multiple causes portion of the model 

is not estimated; however, findings can shift considerably 

depending upon which pathway is not estimated. Usually, the 

pathway that is not estimated corresponds to a causal factor 

that is believed to have a minimal and restricted influence on 

the measurement items or on the overall latent trait. However, 

this choice is tricky and often implausible given the shared 

variation across the psychometric items and the multivari-

ate nature of the estimates. There is no way to know for sure 

whether any of the possible identified models will yield valid 

estimates similar to those that would have been obtained if the 

exhaustive model could have been estimated.69,70  The present 

study overcomes this identification problem by demonstrating 

a unique way that the author has devised to specify an unbi-

ased MIMIC model that completely links the confirmatory 

factor analysis portion of the model to the multiple regres-

sion portion of the model. It yields exhaustive profiles of a 

psychometric latent factor and all of its observed measures 

(the multiple indicators) within participant subgroups (the 
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Figure 1 Parallel multiple indicators–multiple causes (MIMIC) models with equivalent parameter estimates.
Notes: Note a: The dichotomous predictors in (A) and (B) represent the presence/absence of the condition. The first-order terms in the upper left portion of (A) and (B) are 
global predictors of effects involving silent CVD or overweight, while the interaction term reveals the additional effect when both conditions co-occur. Note b: The descriptive 
MIMIC model in (A) and (B) reflects endorsement of the items enjoyed life (CES-D ≥ 11) and talked less (CES-D ≥ 11) that can be attributed to co-occurring atherosclerosis and 
being overweight (Path 2), after adjusting for endorsement that can be attributed instead to the overall level of the latent trait of depression in these conditions (Paths 1 and 3). 
Note c: While all 20 CES-D items are specified in the actual model, (A) and (B) shows only 17 items. Sixteen items are traditional symptoms of depression, and the final item, 
lonely (CES-D ≥ 11), is one of the four non-traditional symptoms in the CES-D scale. Although direct effects from silent CVD, overweight, and their interaction are specified to 
all 20 CES-D items, to keep (A) and (B) clear and simple, they are only drawn (Path 2) to the two CES-D items for which the direct effects are statistically significant: enjoyed life 
(CES-D ≥ 11) and talked less (CES-D ≥ 11). Also, arrows are not drawn to reflect the residual effects from each of the 17 CES-D items to minimize distracting complexity within 
the figure. Note d: Although each of the four non-traditional items (lonely, fearful, people were unfriendly, and people disliked me) contributes to the sensitivity and specificity 
of the CES-D scale in detecting real cases of subsequently confirmed clinical depression, they are not standard symptoms of depression. Corresponding instrumental variables 
(when CES-D ≥ 11) are specified to predict virtually all the variation within each of these four non-traditional items (when CES-D ≥ 0) because unpredicted residual variation 
within any of them may confound direct estimates (Path 2) to any of the remaining 16 standard items of depression. In addition, at least one of these instrumental variables is 
needed to resolve the problem of estimation indeterminacy that would otherwise result due to there being one too few degrees of freedom for estimation of a MIMIC model in 
which every direct effect is specified. Note e: The last predictor shown in (A) and (B), lonely regardless of depression (CES-D ≥ 0), is added 1) to account for unique variation 
from the last CES-D item, lonely–continuous (CES-D ≥ 11; Path 4); and 2) to permit estimation of the bi-directional effects of lonely (CES-D ≥ 11) by using two versions (ie, 
continuous and ordinal) of the variable (bi-directional Path 5). Because the instrumental variable lonely (CES-D ≥ 11) is a subset of the broader original variable, lonely regardless 
of depression (CES-D ≥ 0), the former accounts for virtually all the remaining variation in lonely (CES-D ≥ 0), which prevents confounding of direct paths to other items (Path 2). 
Although not shown, similar instrumental variables and bi-directional effects are specified for each of the three remaining non-traditional items (fearful, people were unfriendly, 
and people disliked me). Note f: In (A) and (B), part of the overall variation in lonely (CES-D ≥ 11), attributed to pre-existing lonely feelings, predicts the latent trait of depression. 
In (A), part of the overall variation in lonely (CES-D ≥ 11) manifests as an item from the measurement model portion of the MIMIC (ie, in bi-directional Path 5, the right path is 
an effect indicator with factor loading parameter λ), reflecting lonely feelings that manifest as a component of the latent factor for depression. However, in (B), this part of the 
overall variation in lonely (CES-D ≥ 11) occurs as a separate factor in the structural (regression) portion of the model; it is an outcome of the latent factor for depression (ie, with 
causal parameter B). Estimated values of the parameters for lonely, l and B, are equivalent. Thus, estimates from both versions of the MIMIC model are equivalent. Note g: To 
prevent confounding of direct effects to the traditional symptoms of depression, the same type of specification used with the lonely item is used with each of the remaining three 
non-traditional CES-D depression items not shown in (A) and (B) (ie, fearful, people were unfriendly, and people disliked me). In the same way that lonely–continuous (CES-D 
≥ 0) predicts its instrumental variable (ie, lonely–continuous [CES-D ≥ 11]), each of these three items predicts its corresponding instrumental variable when CES-D ≥ 11 (not 
shown). Although bi-directional arrows are only drawn (Path 5) to and from lonely (CES-D ≥ 11) in (A) and (B), all four items are estimated with bi-directional effects, and again, 
estimated values of the parameters λ and Β remain equivalent. Note h: David Kenny’s web page on identification discusses the conditions in which instrumental variables may be 
used.68 One important condition is that the instrumental variable must be highly correlated with the original variable, but cannot be correlated with the residual term when the 
original variable is regressed on the instrumental variable: Y = b(I) + U, where Y is the original variable, I is the instrumental variable, and U is the residual term. In the innovative 
instrumental variable approach for estimating an exhaustively specified MIMIC introduced in the present study, the original variable for a particular CES-D item, Y, includes the 
responses from participants with residual symptoms (CES-D < 11) as well as the responses from participants with subthreshold and clinically significant symptoms (CES-D ≥ 11). 
In contrast, the instrumental variable, I, only reflects subthreshold and clinically significant symptoms (CES-D ≥ 11); the original responses for participants with subthreshold or 
clinically significant symptoms are retained, while the responses for participants with residual symptoms are set to zero. This means that for participants with residual symptoms, 
I is always zero, while U is identical to Y, resulting in a low correlation between the instrumental variable (I) and the residual term (U). Similarly, for participants with subthreshold 
or clinically significant symptoms, I is identical to Y and U is always zero, again resulting in a low correlation between the instrumental variable (I) and the residual term (U).
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CVD, cerebrovascular disease.
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multiple causes) by estimating bidirectional relationships 

involving four of the 20 measurement model items using an 

instrumental variable approach.

This improved approach provides a novel and more valid 

way to specify non-traditional items within the measure-

ment model. Four non-traditional items (lonely, unfriendly, 

disliked me, and fearful) were included when the CES-D 

Depression Scale was created in order to improve the 

specificity and sensitivity of the instrument in identifying 

actual cases of subsequently confirmed clinical depression.71 

Unlike the remaining items, none of these items falls unam-

biguously into any of the specific symptom categories of 

diagnostic instruments, such as the DSM-V. Arguably, these 

items are closely related causes and effects of depression. 

Therefore, in addition to their traditional pathways as “effect 

indicators” within the measurement model, the opposite 

pathways as “causal indicators” are also specified. Strictly 

speaking, they are not bidirectional measurement items 

of the latent trait of depression and should be considered 

closely related variables in the structural model that cause, 

and are effects of, the latent trait (eg, Figure 1B). However, 

estimates from both specifications are equivalent, as Figure 

1A and B show using the non-traditional item, lonely. For 

conceptual simplicity, the four bidirectional items, along 

with the remaining CES-D items, are all retained within 

the measurement portion of the model during estimation 

(eg, Figure 1A).

Furthermore, the improved approach employs a com-

pletely overlapping, and subsumed, instrumental variable 

for each of these four non-traditional items that completely 

accounts for variation in each of them. Recall that these four 

non-traditional items were included in the creation of the 

CES-D Depression Scale only to improve its sensitivity; they 

do not contribute legitimately to depression phenomenology. 

The instrumental variable approach excludes the variation 

from these non-traditional items from influencing the psy-

chometric profile of depression within metabolic-vascular 

disease subgroups. Otherwise, this non-traditional variation 

would confound the unique contributions of the traditional 

items to the profile of depression items that distinguish each 

vascular/metabolic subgroup. This innovation is an advance 

over the common instrumental variable approach in which a 

different variable is sought, or an index of variables is created, 

which is highly correlated with the original variable. Some 

bias in slope estimates and SEs results in using the traditional 

approach since the instrumental variable is not completely 

overlapping, and subsumed, within the original variable (ie, 

there is no perfect overlap in the responses to the original and 

instrumental variables by the subgroup of interest in which 

participants exceed a certain threshold). More critically, 

however, the traditional procedure is not sufficiently reli-

able because the available data do not often yield a suitable 

variable or index of variables to serve as the instrumental 

variable. In contrast, using the original variable to create 

its own instrument, the improved approach is unbiased and 

reliable. Figure 1, note h, provides additional information.

In both the descriptive and explanatory MIMIC model 

specifications, the non-traditional ordinal items that con-

tribute to the latent factor of depression (lonely, people 

unfriendly, people dislike me, and fearful) are also specified 

as continuous endogenous (y) variables that predict the latent 

factor of depression, allowing estimates of bidirectional 

relationships between each non-traditional item and total 

depression.

For instance, in panels A and B of Figure 1, lonely 

 regardless of depression (CES-D ≥ 0) predicts lonely–con-

tinuous (CES-D ≥ 11), which permits us to estimate the 

relationship represented by the left dashed arrow in Path 

5 that predicts the latent factor of depression. Essentially, 

lonely regardless of depression (CES-D ≥ 0) solely predicts 

an overlapping, and subsumed, instrumental variable, which 

is identical except for excluding values for residual depres-

sive symptoms when CES-D <11 (ie, positive responses 

for residual symptoms are set to zero, such that positive 

responses are retained only in cases of subthreshold or clini-

cally significant depression). In contrast to the stochastic or 

probabilistic relationships of the ordinal traditional items 

(where the “multiple causes” portion of the MIMIC is based 

on ordinal probit regression), this study is justified in creating 

a continuous variable for each of the non-traditional CES-D 

items because the relationship between the continuous vari-

able and its identical, overlapping instrumental variable is 

deterministic in participants with CES-D scores ≥11 (the 

“multiple causes” portion of the MIMIC is based on continu-

ous regression here). These instrumental variables constitute 

a necessary and non-biasing source of exogenous information 

(ie, from outside the model) in order to obtain an identified 

model with unique estimates for all parameters.

Results
Descriptive statistics
Table 2 summarizes diverse sample characteristics, includ-

ing the prevalence of individual and co-occurring physical 

conditions and depression. More than one-third of the sample 

reported CVD limited to hypertension while an additional 

quarter of the sample reported a progressive CVD more 
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Table 2 Characteristics of study participants (n=2,812)

Variable Sample total 
(unweighted)

Percentage 
of samplea

Clinical or subthreshold 
depression (CES-D > 10)

Race/ethnicity
Black 529 18.8 152
Caucasian 2,283 81.2 655

Gender
Male 1,169 41.6 276
Female 1,643 58.4 531

Age, years
<75 1,552 55.2 807

75+ 1,260 44.8 395
Recent widow, up to 2 years 136 4.8 55
Education

High school or greater 868 30.9 198
Less than high school 1,944 69.1 609

Family size-adjusted income
≤$5,000 1,195 42.5 392

Social isolation 189 6.7 65
Smoker 560 19.9 180

Male 275 23.5 75
Female 285 17.3 105

Alcohol-high consumption 272 9.7 62
Impaired instrumental activities of daily living (IADLs) 186 6.6 81
Heart conditions

Myocardial infarction 370 13.2 120
Congestive heart failure 320 11.4 137

Progressive CVD
Hypertension only 1,023 36.4 280
Silent CVD 467 16.6 195
Vascular cognitive impairment 42 1.5 23
Stroke 115 4.1 46
Post-stroke cognitive impairment 24 0.9 8
Low diastolic blood pressure (BP) 100 3.6 37

Cerebrovascular risk factors 829 29.5 315
Weight and diabetes conditions

Lost 10 pounds 508 18.1 195
Male 194 16.6 63
Female 314 19.1 132

Overweight 1,522 54.1 436
Male 638 54.6 135
Female 884 53.8 301

Diabetes 316 11.2 113
Male 130 11.1 28
Female 186 11.3 78

Progressive CVD clusters distinguished by overweight, diabetes, or 
non-smoking status

Hypertension × overweight × diabetes (male) 32 2.7 11

Hypertension × not overweight × diabetes (female) 25 1.5 11

Silent CVD × overweight (male) 99 8.5 30

Silent CVD × overweight (female) 164 10.0 83

Silent CVD × diabetes (male) 30 2.6 10

Silent CVD × not overweight × diabetes (female) 18 1.1 7

Silent CVD × not smoker × not overweight (male) 62 5.3 25

Silent CVD × not smoker × no diabetes (male) 120 10.3 40

Silent CVD × not smoker × no diabetes (female) 167 10.2 79

Vascular cognitive impairment × overweight 22 0.8 11

Vascular cognitive impairment × overweight (female) 14 0.9 7

Vascular cognitive impairment × overweight × no diabetes (female) 11 0.7 6

Vascular cognitive impairment × not overweight × no diabetes 17 0.6 9
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Variable Sample total 
(unweighted)

Percentage 
of samplea

Clinical or subthreshold 
depression (CES-D > 10)

Stroke × overweight × no diabetes 47 1.7 19

Stroke × overweight × no diabetes (female) 23 1.4 11

Stroke × diabetes 22 0.8 9

Stroke × overweight × diabetes 14 0.5 6
Diabetes, weight, and smoking clusters not distinguished by progressive CVD

Diabetes × lost 10 pounds (male) 33 1.2 9

Diabetes × lost 10 pounds (female) 52 1.9 22

Overweight × diabetes × smoker (male) 15 0.5 4

Diabetes × smoker (female) 21 0.7 12
Depression

Total CES-D > 27 (syndrome) 108 3.8
Total CES-D 16-27 (subsyndrome) 349 12.4
Total CES-D ≥ 11 (subthreshold–subsyndrome–syndrome) 807 28.7

Total CES-D > 0 (all symptoms) 2,339 93.2

Note: aPercentage of the sample for the characteristics reported only in males or females is based on the corresponding male or female subsample, not the total sample.
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CVD, cerebrovascular disease.

Table 2 (Continued)

advanced than hypertension. More than half of the sample 

was classified as being overweight based on a BMI of at least 

25 (54.1%) and more than one in ten (11.2%) reported type 

II diabetes (without complications). Overweight or diabetes 

conditions co-occurred with progressive CVD in about 

one-third of all participants (32.3%), and close to half with 

these co-occurring conditions were at risk for subthreshold 

or clinically significant depression (CES-D ≥11; 46.4%).

Inspection of Table 2 reveals that across the overall cat-

egories of vascular conditions (hypertension, silent CVD, 

vascular cognitive impairment, stroke, post-stroke cognitive 

impairment, and low diastolic blood pressure), the overall 

categories of metabolic conditions (overweight and diabetes), 

and their co-occurring clustered conditions, participants 

reporting subthreshold or clinically significant depressive 

symptoms ranged from about one out of every three par-

ticipants with the condition to about one out of every two 

participants with the condition.

The two exceptions are in the overall categories of 

metabolic conditions for older males. Between one out of 

every four and one out of every five older men who were 

overweight reported subthreshold or clinically significant 

depressive symptoms, and about one out of every six older 

men who disclosed diabetes reported subthreshold or clini-

cally significant depressive symptoms. Since diabetes was 

self-disclosed and not medically assessed, the lower levels 

of depressive symptoms might indicate that undiagnosed 

diabetes may be more of an issue in older males; however, this 

lower rate did not also characterize any of the co-occurring 

clustered conditions with diabetes in older males.

Multivariate findings
Levels of evidence for masked depression
The potential for masked depression in each cerebrovascu-

lar–metabolic subgroup is based on a comparison of each 

multivariate regression reported in Table S1 with the coun-

terpart descriptive MIMIC and explanatory MIMIC reported 

in Table 3A–D. (Table S1 reports multivariate regressions, 

which are not interpreted separately but are used in the assess-

ment of evidence for masked depression [+++, ++, +, 0] in 

Table 3A–D). Table 3A–D reports the descriptive MIMICs 

and parallel explanatory MIMICs that were conducted; these 

specifications contribute to indices of excellent overall model 

fit, which are listed in a footnote to each table panel (A–D).

Although dysphoric mood is clearly indicated by items 

such as blue, crying, and sad, other closely related items 

of negative affect are ambiguous and may reflect masked 

 depression. For instance, in the absence of items that clearly 

indicate dysphoric mood, the item depressed may reflect 

anhedonia in some participants. Items reflecting low posi-

tive affect (eg, reverse-coded items for happy, enjoyed life, 

or hopeful) or interpersonal symptoms (eg, talked less than 

others) also suggest the potential for masked depression 

when they occur in the absence of items that clearly indicate 

dysphoric mood.

In Table 3A–D, the symbol (+++) indicates the strongest 

level of evidence that reveals the potential for masked depres-

sion in participants. This evidence for a vascular condition 

or subgroup occurs when none of the negative affect items 

of dysphoric mood from the CES-D Depression Scale are 

statistically significant, or if statistically significant, reveal 
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Table 3A CES-D depression items in co-occurring and synergistic hypertension subgroups based on overweight and diabetes status: 
multiple indicators–multiple causes (MIMIC) modelsa,b

Vascular conditions and subgroups Potential masked depressionc (0, +, ++, or +++)

CES-D depression items Descriptive MIMIC Explanatory MIMIC

b SE zd b SE zd

Hypertension (0)
Bothered by things 1.209 0.292 4.143
Life a failure 1.198 0.237 5.060
Crying spells 1.377 0.259 5.318
Depressed 2.255 0.316 7.132
Blues 2.012 0.363 5.547
Sad 2.040 0.428 4.768
Happy 1.464 0.283 5.171
Hopeful 0.681 0.137 4.985
Enjoyed life 1.337 0.297 4.494
Good as others 0.429 0.165 2.602
Everything an effort 1.391 0.202 6.890
Poor appetite 1.034 0.179 5.773
Difficulty concentrating 0.845 0.241 3.512
Talked less than others 0.810 0.191 4.243
Restless sleep 1.244 0.251 4.953
Not get going 1.525 0.311 4.901
Fearful 1.503 0.302 4.982
Lonely 2.036 0.424 4.803
People unfriendly 0.893 0.251 3.562
People disliked me 1.149 0.255 4.505
Hypertension × overweight × diabetes (male) (++)
Total depression 7.222 2.500 2.889 6.331 2.195 2.884
Hypertension × not overweight × diabetes (female) (+)
Bothered by things 3.445 0.799 4.312 3.344 0.759 4.405
Crying spells 3.600 1.269 2.837 3.290 1.112 2.960
Depressed 8.780 1.448 6.065 8.475 1.487 5.700
Blues 6.373 1.177 5.414 6.273 1.102 5.694
Sad 7.183 1.102 6.521 6.678 1.002 6.666
Happy 4.377 0.815 5.368 4.134 0.798 5.181
Hopeful 1.805 0.714 2.529 1.646 0.699 2.354
Enjoyed life 6.091 0.993 6.132 5.772 0.954 6.052
Good as others 2.128 1.036 2.055
Everything an effort 5.762 0.869 6.631 5.899 1.020 5.782
Poor appetite 2.441 0.785 3.108 2.622 0.761 3.447
Difficulty concentrating 3.268 0.643 5.078 3.133 0.657 5.078
Talked less than others 6.385 0.865 7.377 6.318 0.881 7.377
Restless sleep 2.766 0.884 3.130 2.551 0.906 3.130
Not get going 4.330 0.869 4.980 4.296 0.773 4.980
Fearful 6.287 1.192 5.275 5.709 1.304 5.275
Lonely 5.952 1.633 3.645 5.698 1.636 3.645
People unfriendly 3.706 1.237 2.996 3.120 1.140 2.996
People disliked me 2.257 0.596 3.788 1.797 0.597 3.788

Notes: aThe measurement loading (λ) of the CES-D item depressed was fixed at 1 to set the metric of the measurement model. Estimated measurement loadings for the 
remaining CES-D items ranged from 0.293 (hopeful) to 0.811 (blues). Depending on the specific MIMIC model, 11–18 of the 20 measurement loadings were ≥0.450. bEach of the 
specific MIMIC models appear to fit the data adequately based on multiple fit indices: chi-square: 140.988–331.225; chi-square/degrees of freedom: 0.820–1.995; R2: 0.545–0.646; 
CFI: 0.988–1.000; TLI: 0.980–1.000; RMSEA: 0.000–0.014; and SRMR: 0.019–0.023. Except for R2, these fit indices are not available for MIMIC models with ordinal measurement 
items, such as the four-category CES-D items in the present study. They were derived from counterpart MIMIC models in which all CES-D measurement items of the latent trait 
of depression were specified to be continuous measures. In contrast to the ordinal models in which separate ordinal variables, along with their identical, overlapping instrumental 
variables, were specified for each of the non-traditional CES-D items, the specification in the continuous models differed in using a single continuous variable based on the sum of 
all four non-traditional CES-D measurement items, along with its identical, overlapping instrumental variable, as a “causal indicator” for estimating the pathway of the bi-directional 
relationship that predicts total depression. (Note that the four non-traditional CES-D items are still retained as individual items that serve as “effect indicators” for estimating 
the pathway of the bi-directional relationship that manifests as a result of the latent trait of depression.) In addition, the discrete nature of the continuous data (in contrast to the 
probabilistic nature of the data for analysis in the ordinal models) also allows residuals of CES-D items to be correlated, which contributes to model fit. It is unknown whether the 
need to collapse the four non-traditional items into a single variable in the continuous model tends to erode its fit; however, the fact that there is adequate fit in the continuous 
models across four fit indices despite this possibility may be taken to reveal that there is proper specification and adequate fit to the data within the ordinal models. cFor each 
subgroup, potential masked depression is based on a comparison of the multivariate regression reported in Table 2 with the counterpart MIMIC reported in Table S1. Refer to 
the main text for more information. dTwo-tailed test significance is as follows: 1) z=1.960 (p=0.05); 2) z=2.326 (p=0.025); 3) z=2.576 (p=0.01); 4) z=3.291 (p=0.005).
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SE, standard error; 
SRMR, Standardized Root Mean Square Residual; TLI, Tucker–Lewis Index.
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(Continued)

Table 3B CES-D depression items in co-occurring and synergistic silent cerebrovascular disease subgroups based on overweight, 
diabetes, and smoking status: multiple indicators–multiple causes (MIMIC) modelsa,b

Vascular conditions and subgroups Potential masked depressionc (0, +, ++, or +++)

CES-D depression items Descriptive MIMIC Explanatory MIMIC

b SE zd b SE zd

Silent CVD (0)
Bothered by things 1.915 0.238 8.041
Life a failure 2.115 0.392 5.388
Crying spells 2.028 0.320 6.333
Depressed 3.488 0.331 10.527
Blues 2.902 0.401 7.235
Sad 2.764 0.481 5.748
Happy 2.108 0.295 7.148
Hopeful 1.279 0.181 7.074
Enjoyed life 2.072 0.346 5.980
Everything an effort 2.586 0.249 10.398
Poor appetite 2.158 0.245 8.792
Difficulty concentrating 1.707 0.240 7.117
Talked less than others 1.611 0.291 5.532
Restless sleep 2.108 0.283 7.440 0.457 0.209 2.188
Not get going 2.640 0.321 8.212
Fearful 2.160 0.410 5.264
Lonely 2.804 0.540 5.194
People unfriendly 1.094 0.205 5.327
People disliked me 1.362 0.351 3.886
Silent CVD × overweight (male) (+++)
Enjoyed life 1.758 0.478 3.675 2.114 0.633 3.341
Talked less than others 1.298 0.385 3.367 1.373 0.481 2.855
Silent CVD × overweight (female) (0)
Life a failure 0.949 0.266 3.573 0.850 0.393 2.162
Crying spells 1.210 0.276 4.387
Depressed 2.623 0.414 6.331 1.824 0.687 2.654
Blues 0.751 0.324 2.316
Sad 2.940 0.327 8.993 2.295 0.552 4.159
Happy 1.662 0.204 8.147 1.466 0.426 3.442
Enjoyed life 1.331 0.187 7.100 0.829 0.399 2.079
Everything an effort 1.527 0.280 5.451 0.808 0.360 2.242
Poor appetite 2.240 0.195 11.495 1.950 0.341 5.723
Lonely 0.664 0.297 2.235
Silent CVD × diabetes (male) (+++)
Hopeful 1.689 0.683 2.474 1.659 0.737 2.252
Everything an effort 1.811 0.870 2.082
Difficulty concentrating 2.718 0.938 2.898 2.618 0.973 2.690
Lonely 4.007 1.827 2.193 4.112 2.076 1.980
Unfriendly 2.717 0.702 3.873 3.278 0.971 3.378
Disliked me 3.429 1.020 3.363 3.513 1.263 2.782
Silent CVD × not overweight × diabetes (female) (0)
Bothered by things 3.886 2.004 1.939
Life a failure 6.502 1.903 3.417 6.689 2.355 2.841
Crying spells 6.963 1.356 5.135 7.496 1.428 5.249
Depressed 10.702 1.972 5.426 11.407 2.658 4.292
Blues 8.229 1.854 4.438 8.668 2.503 3.463
Sad 8.223 1.480 5.555 8.824 1.530 5.768
Happy 6.126 1.075 5.697 6.482 1.131 5.730
Hopeful 5.396 1.270 4.250 5.673 1.516 3.742
Enjoyed life 5.011 1.319 3.801 5.432 1.486 3.655
Everything an effort 4.918 1.242 3.961 5.145 1.296 3.971
Poor appetite 4.862 1.208 4.026 5.130 1.507 3.404
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(Continued)

Table 3C CES-D depression items in co-occurring and synergistic stroke subgroups based on overweight and diabetes status: multiple 
indicators–multiple causes (MIMIC) modelsa,b

Vascular conditions and subgroups Potential masked depressionc (0, +, ++, or +++)

CES-D depression items Descriptive MIMIC Explanatory MIMIC

b SE zd b SE z d

Stroke (+)
Bothered by things 1.265 0.270 4.676
Life a failure 1.592 0.458 3.473
Crying spells 1.436 0.539 2.664
Depressed 2.226 0.399 5.577
Blues 1.679 0.439 3.821
Sad 1.640 0.519 3.161
Happy 1.479 0.322 4.597
Hopeful 0.936 0.212 4.418
Enjoyed life 1.635 0.279 5.850
Everything an effort 2.096 0.452 4.638
Poor appetite 1.127 0.312 3.609
Difficulty concentrating 1.411 0.288 4.900
Talked less than others 1.516 0.400 3.789
Restless sleep 0.927 0.363 2.555
Not get going 2.113 0.386 5.480
Lonely 1.299 0.614 2.115
People unfriendly 1.094 0.331 3.309

Vascular conditions and subgroups Potential masked depressionc (0, +, ++, or +++)

CES-D depression items Descriptive MIMIC Explanatory MIMIC

b SE zd b SE zd

Talked less than others 2.971 1.273 2.334 3.210 1.041 3.085
Restless sleep 4.521 1.387 3.258 4.732 1.680 2.817
Not get going 6.803 1.824 3.729 7.125 2.364 3.014
Fearful 6.308 1.157 5.452 7.434 1.430 5.198
Lonely 5.043 1.844 2.734 5.902 1.460 4.043
Unfriendly 3.108 1.087 2.859 3.700 1.047 3.532
Disliked me 5.763 1.138 5.064 6.871 1.523 4.511
Silent CVD × no smoking × not overweight (male) (+)
Good as others 4.473 1.299 3.443 4.085 1.398 2.921
Silent CVD × no smoking × no diabetes (male) (+)
Life a failure 5.467 1.681 3.253 5.020 1.846 2.720
Silent CVD × no smoking × no diabetes (female) (+)
Enjoyed life 3.744 1.637 2.288 4.302 1.996 2.155
Not get going 2.761 1.448 1.906 3.093 1.439 2.150
People disliked me 3.723 1.754 2.123

Notes: aThe measurement loading (λ) of the CES-D item depressed was fixed at 1 to set the metric of the measurement model. Estimated measurement loadings for the 
remaining CES-D items ranged from 0.276 (good as others) to 0.985 (sad). Depending on the specific MIMIC model, 11–19 of the 20 measurement loadings were ≥0.450. 
bEach of the specific MIMIC models appear to fit the data adequately based on multiple fit indices: chi-square: 126.172–388.025; chi-square/degrees of freedom: 0.747–2.324; 
R2: 0.543–0.933; CFI: 0.969–1.000; TLI: 0.967–1.000; RMSEA: 0.000–0.023; and SRMR: 0.018–0.029. Except for R2, these fit indices are not available for MIMIC models 
with ordinal measurement items, such as the four-category CES-D items in the present study. They were derived from counterpart MIMIC models in which all CES-D 
measurement items of the latent trait of depression were specified to be continuous measures. In contrast to the ordinal models in which separate ordinal variables, along 
with their identical, overlapping instrumental variables, were specified for each of the non-traditional CES-D items, the specification in the continuous models differed in using 
a single continuous variable based on the sum of all four non-traditional CES-D measurement items, along with its identical, overlapping instrumental variable, as a “causal 
indicator” for estimating the pathway of the bi-directional relationship that predicts total depression. (Note that the four non-traditional CES-D items are still retained as 
individual items that serve as “effect indicators” for estimating the pathway of the bi-directional relationship that manifests as a result of the latent trait of depression.) In 
addition, the discrete nature of the continuous data (in contrast to the probabilistic nature of the data for analysis in the ordinal models) also allows residuals of CES-D items 
to be correlated, which contributes to model fit. It is unknown whether the need to collapse the four non-traditional items into a single variable in the continuous model 
tends to erode its fit; however, the fact that there is adequate fit in the continuous models across four fit indices despite this possibility may be taken to reveal that there is 
proper specification and adequate fit to the data within the ordinal models. cFor each subgroup, potential masked depression is based on a comparison of the multivariate 
regression reported in Table 2 with the counterpart MIMIC reported in Table S1. dTwo-tailed test significance is as follows: 1) z=1.960 (p=0.05); 2) z=2.326 (p=0.025); 
3) z=2.576 (p=0.01); 4) z=3.291 (p=0.005).
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SE, standard 
error; SRMR, Standardized Root Mean Square Residual; TLI, Tucker-Lewis Index.

Table 3B (Continued)
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Vascular conditions and subgroups Potential masked depressionc (0, +, ++, or +++)

CES-D depression items Descriptive MIMIC Explanatory MIMIC

b SE zd b SE z d

People disliked me 1.356 0.608 2.231
Fearful 1.996 0.366 5.460
Stroke × overweight × no diabetes (+++)
Bothered by things 4.828 2.185 2.210 4.195 2.015 2.082
Everything an effort 3.492 1.555 2.245 3.088 1.458 2.117
Not get going 5.625 1.861 3.023 5.430 1.818 2.987
Lonely 2.885 0.966 2.986
Stroke × overweight × no diabetes (female) (+++)
Bothered by things 3.776 0.910 4.151 3.255 0.992 3.282
Everything an effort 3.249 0.777 4.180 2.487 1.084 2.294
Not get going 3.358 1.066 3.150 3.151 1.101 2.861
Stroke × diabetes (+)
Life a failure 4.421 1.252 3.531 1.104 0.515 2.144
Crying spells 5.159 1.890 2.730
Depressed 7.915 2.717 2.913 2.148 0.681 3.155
Blues 7.117 2.311 3.079 2.244 0.760 2.951
Sad 5.794 2.398 2.416
Happy 3.547 1.600 2.217
Hopeful 2.841 1.292 2.200
Enjoyed life 4.313 1.683 2.563
Difficulty concentrating 2.978 1.385 2.149
Lonely 6.092 2.192 2.780 1.868 0.856 2.181
Fearful 4.979 1.705 2.920
Stroke × overweight × diabetes (+)
Life a failure 2.500 1.130 2.212 2.128 0.987 2.157
Crying spells 2.024 0.814 2.488 2.122 0.876 2.423
Depressed 2.631 0.737 3.570 2.607 0.691 3.771
Blues 3.133 0.746 4.199 2.900 0.951 3.050
Sad 2.398 1.221 1.965 2.186 0.972 2.249
Happy 1.947 0.580 3.360 1.866 0.633 2.950
Poor appetite 1.779 0.717 2.482 1.847 0.754 2.450
Notes: aThe measurement loading (λ) of the CES-D item depressed was fixed at 1 to set the metric of the measurement model. Estimated measurement loadings for the 
remaining CES-D items ranged from 0.300 (hopeful) to 0.883 (sad). Depending on the specific MIMIC model, 11–16 of the 20 measurement loadings were ≥0.450. bEach 
of the specific MIMIC models appear to fit the data adequately based on multiple fit indices: R2: 0.554–0.985; CFI: 0.945–0.987; TLI: 0.875–0.975; RMSEA: 0.015–0.031; and 
SRMR: 0.021–0.031. Except for R2, these fit indices are not available in MLR estimation for MIMIC models with ordinal measurement items, such as the four-category CES-D 
items in the present study. They were derived from counterpart MLR-estimated MIMIC models in which all CES-D measurement items of the latent trait of depression were 
specified to be continuous measures. In contrast to the ordinal models in which separate ordinal variables, along with their identical, overlapping instrumental variables, were 
specified for each of the non-traditional CES-D items, the specification in the continuous models differed in using a single continuous variable based on the sum of all four 
non-traditional CES-D measurement items, along with its identical, overlapping instrumental variable, as a “causal indicator” for estimating the pathway of the bi-directional 
relationship that predicts total depression. (Note that the four non-traditional CES-D items are still retained as individual items that serve as “effect indicators” for estimating 
the pathway of the bi-directional relationship that manifests as a result of the latent trait of depression.) In addition, the discrete nature of the continuous data (in contrast 
to the probabilistic nature of the data for analysis in the ordinal models) also allows residuals of CES-D items to be correlated, which contributes to model fit. It is unknown 
whether the need to collapse the four non-traditional items into a single variable in the continuous model tends to erode its fit; however, the fact that there is adequate 
fit in the continuous models across four fit indices despite this possibility may be taken to reveal that there is proper specification and adequate fit to the data within the 
ordinal models. cFor each subgroup, potential masked depression is based on a comparison of the multivariate regression reported in Table 2 with the counterpart MIMIC 
reported in Table S1. Refer to the main text for more information. dTwo-tailed test significance is as follows: 1) z=1.960 (p=0.05); 2) z=2.326 (p=0.025); 3) z=2.576 (p=0.01); 
4) z=3.291 (p=0.005).
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SE, standard 
error; SRMR, Standardized Root Mean Square Residual; TLI, Tucker-Lewis Index.

Table 3C (Continued)

negative factor loadings. Furthermore, this evidence is more 

pronounced when negative affect or interpersonal items of 

anhedonia (eg, talked less than others) and/or low positive 

affect items are statistically significant. The same pattern of 

effects by identical items in the descriptive MIMIC must also 

occur in the corresponding explanatory MIMIC. Although 

the same or different items may occur in the  corresponding 

multivariate regression, the same type of pattern must con-

tinue to hold; however, masked depression is also indicated 

if the multivariate regression yields no statistically significant 

items.

The symbol (++) indicates that there is some evidence that 

reveals the potential for masked depression in participants. 

It is similar to (+++); however, the overall depression score, 
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depression, is positive and statistically significant in the 

descriptive MIMIC and corresponding explanatory MIMIC. 

(In one case, it is positive and statistically significant in the 

descriptive MIMIC only; however, dysphoric items are not 

statistically significant in the corresponding explanatory 

MIMIC.) When the latent factor of depression is statistically 

significant, none of the individual items from the CES-D 

Depression Scale are also found to be statistically signifi-

cant. Thus, there is no pattern detected across the depression 

items within the vascular condition or subgroup, only that 

Table 3D CES-D depression items in co-occurring and synergistic vascular cognitive impairment subgroups based on overweight and 
diabetes status: multiple indicators–multiple causes (MIMIC) modelsa,b

Vascular conditions and subgroups Potential masked depressionc (0, +, ++, or +++)

CES-D depression items Descriptive MIMIC Explanatory MIMIC

b SE zd b SE zd

Vascular cognitive impairment (VCI) (+)
Crying spells 1.890 0.591 3.195
Depressed 1.182 0.612 1.932
Sad 1.195 0.564 2.117
Enjoyed life 1.092 0.487 2.239
Everything an effort 2.010 0.586 3.432
Poor appetite 1.607 0.472 3.405
Difficulty concentrating 1.695 0.410 4.132
Restless sleep 1.231 0.560 2.197
Not get going 2.185 0.849 2.572
Fearful 1.324 0.595 2.224
VCI × overweight (0)
Total depression 1.153 0.408 2.828
Bothered by things 0.893 0.155 5.774
Life a failure 0.637 0.299 2.129
Depressed 0.526 0.249 2.110
Blues 0.544 0.280 1.943
Everything an effort 0.850 0.210 4.054
Poor appetite 1.118 0.212 5.266
Difficulty concentrating 0.428 0.216 1.981
Talked less than others 0.696 0.251 2.772
Restless sleep 0.885 0.226 3.924
Not get going 1.038 0.170 6.114
Fearful 0.684 0.298 2.298
VCI × overweight (female) (+)
Total depression 1.944 0.662 2.936 1.638 0.654 2.503
VCI × overweight × no diabetes (female) (+++)
Enjoyed life 2.092 0.845 2.475
Poor appetite 0.527 0.274 1.923
Unfriendly 2.432 0.971 2.505 3.933 1.641 2.397
Disliked me 2.822 1.281 2.204 5.092 2.197 2.318

VCI × not overweight × no diabetes (++)
Total depression 5.646 2.087 2.705 5.268 2.137 2.465

Notes: aThe measurement loading (λ) of the CES-D item depressed was fixed at 1 to set the metric of the measurement model. Estimated measurement loadings for the 
remaining CES-D items ranged from 0.294 (hopeful) to 0.867 (sad). Eleven to 16 of the 20 measurement loadings were ≥0.450. bEach of the specific MIMIC models appear 
to fit the data adequately based on multiple fit indices: chi-square: 175.477–341.392; chi-square/degrees of freedom: 1.427–2.253; R2: 0.563–0.624; CFI: 0.974–0.977; TLI: 
0.945–0.961; RMSEA: 0.019–0.022; and SRMR: 0.021–0.027. Except for R2, these fit indices are not available for MLR estimation of MIMIC models with ordinal measurement 
items, such as the four-category CES-D items in the present study. They were derived from counterpart MLR-estimated MIMIC models in which all CES-D measurement 
items of the latent trait of depression were specified to be continuous measures. In contrast to the ordinal models in which separate ordinal variables, along with their 
identical, overlapping instrumental variables, were specified for each of the non-traditional CES-D items, the specification in the continuous models differed in using a single 
continuous variable based on the sum of all four non-traditional CES-D measurement items, along with its identical, overlapping instrumental variable, as a “causal indicator” 
for estimating the pathway of the bi-directional relationship that predicts total depression. (Note that the four non-traditional CES-D items are still retained as individual 
items that serve as “effect indicators” for estimating the pathway of the bi-directional relationship that manifests as a result of the latent trait of depression.) In addition, 
the discrete nature of the continuous data (in contrast to the probabilistic nature of the data for analysis in the ordinal models) also allows residuals of CES-D items to be 
correlated, which contributes to model fit. It is unknown whether the need to collapse the four non-traditional items into a single variable in the continuous model tends to 
erode its fit; however, the fact that there is adequate fit in the continuous models across four fit indices despite this possibility may be taken to reveal that there is proper 
specification and adequate fit to the data within the ordinal models. cFor each subgroup, potential masked depression is based on a comparison of the multivariate regression 
reported in Table 2 with the counterpart MIMIC reported in Table S1. Refer to the main text for more information. dTwo-tailed test significance is as follows: 1) z=1.960 
(p=0.05); 2) z=2.326 (p=0.025); 3) z=2.576 (p=0.01); 4) z=3.291 (p=0.005).
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CFI, Comparative Fit Index; RMSEA, Root Mean Square Error of Approximation; SE, standard 
error; SRMR, Standardized Root Mean Square Residual; TLI, Tucker-Lewis Index.
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the overall level of depression is higher than in other partici-

pants. This ambiguity suggests that there may be potential 

for masked depression in some participants on account of the 

inconsistencies in the presentation or profile of depression 

symptoms across participants with the vascular condition or 

in the vascular subgroup.

The symbol (+) indicates that there is more limited, 

tentative evidence that there may be potential for masked 

depression in some participants. The pattern of evidence in 

the abovementioned paragraphs describing (+++) or (++) 

occurs in one or two, but not all three, types of statistical 

analyses (ie, the descriptive MIMIC, explanatory MIMIC, 

and multivariate regression) for a vascular condition or 

subgroup, such that one or more negative affect items of 

dysphoric mood are statistically significant in the remaining 

statistical analysis or analyses. The MIMIC models constitute 

the proper specifications for revealing the profile of depres-

sion items for a vascular condition or subgroup because they 

account for the overall level of depression (depression), along 

with the individual items of the CES-D Depression Scale. 

Therefore, the most sound of the scenarios reflected by (+) 

indicate potential for masked depression in the context of 

evidence for its consistent presentation or phenomenology 

based on the depression item profiles, or higher overall level 

of depression, within vascular conditions or subgroups. These 

situations occur when the pattern of evidence, as described 

in the abovementioned paragraphs describing (+++) or (++), 

occurs in the descriptive and explanatory MIMICs, and the 

negative affect item(s) of dysphoric mood are limited to the 

multivariate regression.

One might ask why the multivariate regressions were 

estimated at all, given that they do not model the precise 

profile of depression, or overall level of depression, within 

a vascular condition or subgroup. The multivariate regres-

sions were conducted to reveal whether depression items may 

nonetheless stand out for some individuals and be detected 

during an assessment of the endorsed items from the CES-D 

Depression Scale, without also considering, and  adjusting 

for, the overall level of depression (depression). In these 

scenarios, some – but not all – individuals with a vascular 

condition or from a vascular subgroup may still be detected 

during assessment to be depressed based on their sufficient 

endorsement of dysphoric items on the CES-D Depression 

Scale, even as the relationships across all individuals with 

the vascular condition, or from the vascular subgroup, that 

predict dysphoric mood items do not remain statistically sig-

nificant in the descriptive and explanatory MIMIC analyses. 

These differences occur because the multivariate regressions 

estimate relationships that are based on the overall variation 

within each CES-D item, with all relationships across the 

CES-D items estimated simultaneously, while the MIMIC 

analyses estimate relationships that are based on the unique 

variation within each CES-D item after accounting for shared 

variation with other CES-D items and the overall level of 

depression (depression). On the other hand, (+) also includes 

scenarios in which the descriptive and/or explanatory MIMIC 

reveal dysphoric mood item(s), while the multivariate regres-

sion does not. These situations suggest that there may be 

individuals with masked depression who may be missed when 

clinicians depend only on inspecting the endorsed items from 

the CES-D Depression Scale, especially since the relation-

ships across all individuals with the vascular condition, or 

from the vascular subgroup, that predict dysphoric mood 

items remain statistically significant in the descriptive and 

explanatory MIMIC analyses.

Finally, the symbol (0) reveals that there is no evidence to 

suggest the potential for masked depression. Negative affect 

item(s) of dysphoric mood from the CES-D Depression Scale 

are statistically significant in the descriptive and perhaps 

explanatory MIMIC, as well as the multivariate regression, 

conducted for the vascular condition or subgroup.

Overall patterns and specific findings
Table 3A–D reveals several CES-D items that are positive 

and statistically significant in the descriptive MIMIC regres-

sions for each of the overall categories of vascular conditions 

(hypertension, silent CVD, stroke, and vascular cognitive 

impairment) but not in their respective explanatory MIMIC 

regressions. However, when overweight and/or diabetes 

co-occur with these progressive vascular conditions, all of 

these clustered conditions reveal the same CES-D items, or 

the latent trait of depression, to be positive and statistically 

significant in the descriptive and respective explanatory 

MIMIC regressions.

There is consistent evidence in Table 3A–D of masked 

vascular depression (+++ or ++) in older males with clustered 

conditions related to the metabolic syndrome. In older males, 

hypertension × overweight × diabetes predicts the latent factor 

of depression; silent CVD × overweight predicts enjoyed 

life and talked less than others; and silent CVD × diabetes 

predicts hopeful, everything an effort, difficult concentrating, 

lonely, unfriendly, and disliked me. When similar clustered 

conditions were also statistically significant in older females, 

the depression was not masked.

There is also consistent evidence of masked depression 

(+++ or ++) in the overall sample and/or in older females with 
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clustered overweight conditions without diabetes involving 

more advanced vascular disease. In the overall sample and 

in older females, stroke × overweight × no diabetes predicts 

bothered by things, everything an effort, and not get going. 

In older females, vascular cognitive impairment × overweight 

× no diabetes predicts enjoyed life, poor appetite, unfriendly, 

and disliked me. In the overall sample, vascular cognitive 

impairment × not overweight × no diabetes predicts the latent 

factor of depression.

More tentative evidence of masked depression (+) occurs 

across the progression of vascular diseases in the follow-

ing clustered conditions: hypertension × not overweight × 

diabetes in older females; silent CVD × no smoking × not 

overweight in older males; silent CVD × no smoking × no 

diabetes in older males; silent CVD × no smoking × no 

diabetes in older females; stroke; stroke × diabetes; stroke × 

overweight × diabetes; VCI; and VCI × overweight in older 

females.

Finally, the following vascular diseases and clustered 

conditions show evidence of non-masked depression (0): 

hypertension; silent CVD; silent CVD × overweight in older 

females; and vascular cognitive impairment × overweight. 

Recall that the explanatory MIMIC regressions for hyperten-

sion and silent CVD do not show positive and statistically 

significant CES-D items. Only the two clustered conditions 

reveal evidence of dysphoric mood in the descriptive and 

explanatory MIMIC regressions as well as the multivariate 

regression

Discussion
The collective findings of the present cross-sectional study 

of an epidemiological community sample of older White 

and Black Americans provide evidence that co-occurring 

conditions of excess weight, diabetes, and vascular disease 

interact to predict clinically significant vascular depression. 

When other findings from the literature were also consid-

ered, it becomes apparent that interactions are not limited 

to those among diabetes and co-occurring physical condi-

tions that predict co-morbid depression experienced within 

the same timeframe, but that interactions among diabetes 

and co-morbid depression within the same timeframe may 

occur as well that in turn predict the eventual development 

or progression of vascular disease. For instance, the literature 

reveals that older Mexican Americans with type 2 diabetes 

experienced a gradient of risk in developing macro- and 

microvascular complications during a 7-year period when 

they experienced “minimal” depression (0 < CES-D < 16) 

or clinically significant depression (CES-D ≥ 16), and these 

findings were replicated based on clinical diagnostic criteria.72 

Thus, interactions across physical and mental health condi-

tions are likely to be ubiquitous; however, for the purposes 

of screening for participants with vascular depression, or 

at risk of developing vascular depression, interactions that 

manifest within the same time period among co-occurring 

physical conditions are most useful in identifying subgroups 

at risk for vascular depression.

The present study reveals that presentations of vas-

cular depression may be hidden or “masked” because 

self-reported sadness or feeling blue is not prominently 

endorsed. Instead, clinically significant levels of low posi-

tive affect, anhedonia, and, potentially, social withdrawal 

are indicated. Although response biases to CES-D items 

of dysphoric mood, which older men and other subgroups 

may experience as stigmatizing, cannot be ruled out, the 

findings do not reveal masked depression in all subgroups 

of older men with metabolic/progressive vascular disease. 

If the only influence on masked depression in older men 

were response bias due to perceived stigma in endorsing 

dysphoric mood, masked depression in all of the metabolic/

vascular subgroups of older men with depression would be 

expected. The fact that this outcome did not occur suggests 

that there may be significant scope for alexithymia within 

specific metabolic/vascular subgroups. The New Haven 

EPESE data did not include a measure for alexithymia, 

which future investigations should address.

The present study affords evidence that in older males, 

the less progressed stages of vascular disease (hypertension, 

silent CVD) in the context of co-occurring metabolic illness 

(overweight and diabetes) are more likely to present with 

masked depression and can present with a diverse or troubling 

pattern of symptoms.

The metabolic syndrome of hypertension, excess weight 

in the abdominal versus hip area, and diabetes is common 

in older males; however, the symptom profile of depres-

sion is likely to be very heterogeneous since the descriptive 

and explanatory MIMIC models only predicted the overall 

level of depression (depression). This heterogeneity in the 

symptom profile is also suggested by the evidence for a bi-

directional relationship between the metabolic syndrome 

and depression in both cross-sectional and longitudinal 

meta-analyses.73 Different patterns and levels of symptoms 

may tend to be endorsed in any given situation depending on 

whether the metabolic syndrome is operating as a risk factor 

for depression or vice versa. Another possibility is that dif-

ferent hypertension medications, or classes of medications, 

may precipitate heterogeneous side effects that result in 
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inconsistent symptom profiles. As alexithymia is linked to 

hypertension,36–38 it will be important for future research to 

determine whether the inconsistency in depression symptom 

endorsement by older males with hypertension is related to 

alexithymia.

The symptoms of masked depression in overweight, older 

males with silent CVD (enjoyed life, talked less than oth-

ers) suggest anhedonia and perhaps alexithymia. In addition 

to serving as a risk factor for precipitating or accelerating 

hypertension and diabetes, overweight condition has a bi-

directional relationship with depression according to the 

findings of a longitudinal meta-analysis.74 Overweight con-

dition is associated with major and minor depression,75 and 

depression almost doubles the risk of developing diabetes.76 

The symptom pattern of masked depression in older males 

when diabetes co-occurs with silent CVD (hopeful, every-

thing an effort, difficulty concentrating, lonely, unfriendly, 

and disliked me) suggests distress; it may indicate poor 

glycemic control and poor adherence with diabetes medica-

tion, exercise, diet, and self-care regimens for other illness 

conditions such as hypertension and hyperlipidemia.11,77–79 

Of course, these impaired outcomes may also be linked to 

depressive symptom profiles in other clusters of metabolic 

and vascular diseases.

Different symptom patterns of masked depression emerge 

in the more progressed stages of vascular disease. Masked 

depression is detected in older women, or in both genders, 

within specific metabolic/vascular subgroups with stroke or 

VCI. The findings of heightened alexithymia in women with 

either right- or left-hemisphere stroke48 support the present 

study finding of masked depression in overweight older 

women without diabetes who reported stroke (bothered by 

things, not get going, and everything an effort). (These symp-

toms of masked depression also occur in the non-gendered 

subgroup in the full sample.) Two items (unfriendly and 

disliked me) remained statistically significant in the descrip-

tive and explanatory MIMIC models that revealed masked 

depression in overweight older women without diabetes who 

had VCI. It is possible that these two items reveal relationship 

difficulties that stem from aggressive behavior due to a lower 

tolerance threshold in patients with vascular dysfunction and 

depression, as reported recently by Turk et al.80  However, 

this interpretation would not apply universally, and it might 

be speculated, may not apply as much to the weight loss, 

wasting, and perhaps more extensive alexithymia in more 

advanced phases of vascular dysfunction. The basis for 

restricting how widely the interpretation may apply has to 

do with the heterogeneous symptom profile of depression 

when both genders with VCI were neither overweight nor 

diagnosed with diabetes – only the overall level of depres-

sion (depression) is statistically significant in the descriptive 

and explanatory MIMIC models. Finally, there is tentative 

evidence for masked depression in several metabolic/vascular 

subgroups across the stages of vascular disease, although no 

specific patterns emerge in these subgroups.

With the exception of the masked depression symptom 

pattern suggestive of anhedonia in overweight, older males 

with silent CVD (enjoyed life and talked less than others), 

the symptom patterns of masked depression among the par-

ticipant subgroups in this study end up satisfying a stricter 

definition of masked depression proposed by Judd et al.81,82 

These investigators revealed evidence of “subsyndromal 

symptomatic depression” in which two-thirds to three-fourths 

of depressed individuals do not meet DSM-IV criteria for 

major depression, dysthymia, minor depression, or recurrent 

brief depression because they do not endorse either dysphoric 

mood or anhedonia despite other depressive symptoms. It is 

disconcerting that these individuals with masked depression 

are likely to be missed in a diagnostic interview, which fur-

ther supports the utility of screening targeted subgroups at 

risk using a self report depression scale such as the CES-D. 

These individuals would appear to be experiencing distress, 

alexithymia, and/or somatization (the tendency to experience 

and communicate psychological distress as physical symp-

toms), depending on their symptom profile of depression. Of 

course, the less strict definition of masked depression based 

only on low endorsed dysphoric mood remains useful since 

health providers are likely to miss depression characterized 

by anhedonia in the absence of screening.

Although much of the depression in participant subgroups 

with co-occurring cerebrovascular and metabolic conditions 

is clearly masked in its presentation, several additional dis-

ease clusters are equivocal regarding masked depression, 

which suggests a more variable symptom profile where 

depression may present as masked in some  participants and 

non-masked in others. Finally, there is evidence of non-

masked depression that clearly emphasizes dysphoric mood 

in only two participant subgroups (ie, overweight older 

women with silent CVD and overweight participants of both 

genders with VCI).

The present study uses a novel model specification 

strategy to estimate exhaustively specified latent trait or 

MIMIC models, affording a new kind of empirical evidence 

regarding the types and range of profiles of masked depres-

sion that manifest in co-occurring metabolic and progressive 

vascular conditions. Well-validated measures and a strict 

approach to partial out confounding factors were employed. 

Recall that in each of the overall cerebrovascular conditions 
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(ie,  hypertension, silent CVD, stroke, and vascular cognitive 

impairment) in Table 3A–D, several CES-D items are posi-

tive and statistically significant in the descriptive MIMIC 

regressions but not also in the respective explanatory MIMIC 

regressions. However, it is striking that these vascular con-

ditions interact with overweight condition and/or diabetes 

within either of the gender subgroups, or within the sample 

overall, to predict multiple, positive CES-D items, or the 

latent factor of depression, which are statistically significant 

in both the descriptive and parallel explanatory MIMIC 

regressions. This highly consistent pattern suggests that there 

may be multiple profiles, or contributing phenomenology, 

of depression in progressive vascular disease that may be 

influenced by various co-occurring physical conditions and 

psychosocial factors. Therefore, in addition to using validated 

measures and accounting for confounding factors, it is impor-

tant to model specific co-occurring conditions – in this study 

the metabolic and inflammatory conditions of obesity and 

diabetes – in order to identify specific profiles of depression 

related to these co-occurring conditions.

The highly consistent findings across the descriptive 

and corresponding explanatory MIMIC models support the 

contention that careful attention to modeling co-morbidity 

may help address the tradeoff dilemma in which it is fea-

sible to use more extensive, gold standard measures only in 

smaller observational studies while comprehensive control 

of the range of confounding factors is possible only in larger 

studies.83,84 However, it might still be premature to assume 

that modeling co-morbidity will necessarily go far enough 

in addressing the tradeoff dilemma since the study data 

afford related unique strengths that may also have played an 

important role. For most adults, retirement and changes in 

social roles occur at the age of 65 years; thus, independent 

correlates for depression might shift at this age as well. Since 

the New Haven EPESE data are limited to older adults of 

age ≥65 years, minimal confounding of age-related correlates 

is an important strength of these cross-sectional data. Fur-

thermore, the age distribution is evenly divided between the 

young–old (65–74 years) and old–old (75+ years). Finally, 

co-occurring illnesses may be more prevalent in senior hous-

ing facilities than among other older adults living indepen-

dently, and the inclusion of all older adults in these facilities 

in the study sampling frame assures that these co-occurring 

illnesses are well represented.

The study has several limitations. In contrast to the 

overweight condition and progressive categories of CVD, 

which are based on objective health criteria, diabetes is a 

self-report measure; it is likely that the EPESE community 

survey missed undisclosed and undiagnosed diabetes. A 

larger overall sample is necessary to identify co-occurring 

cerebrovascular conditions that were more progressed and 

much less prevalent, as well as their co-occurrence both with 

being overweight and diabetes; this is especially true in the 

older male subsample. The secondary data did not include 

a validated measure of alexithymia. Therefore, CES-D pro-

files by individuals without alexithymia in coping with the 

distress of their illness conditions cannot be distinguished 

from CES-D profiles of individuals experiencing alexithymia, 

part of which may involve distress aggravated by the lack of 

emotional and physiological regulation from alexithymia. 

The prevalence of total CES-D scores between 16 and 27 

(mild or minor depression or subsyndromal depression), and 

especially >27 (severe or major depression), was insufficient 

to estimate these separate, more restricted models. Finally, 

the lack of follow-up confirmatory diagnostic assessments 

is an important limitation, although a two-stage scoring 

method for research situations without follow-up confirma-

tory assessments was used to link CES-D scores more closely 

with DSM-III-R diagnostic criteria.59

However, the CES-D also affords a unique advantage 

for screening compared to other self-report inventories and 

diagnostic criteria. It may be more appropriate to conceive 

the four non-traditional items within the CES-D as tapping 

the closely related construct of distress rather than depres-

sion, although it may not be the case that these four items 

tap all forms of distress. Even so, the CES-D can reveal 

participants experiencing distress, depression, or depres-

sion with distress. With regard to at-risk subgroups with 

metabolic and vascular conditions, the use of the self-report 

CES-D to detect distress and depression, including masked 

vascular depression, could have critical utility in preven-

tive and transdisciplinary care programs (involving social 

workers and other mental health clinicians, physicians, and 

nurses) in convenient settings such as primary care, assisted 

living facilities, home healthcare, and senior centers. These 

programs may be more cost-effective if there is a greater 

focus on larger patient subgroups with unmet medical care 

needs, as recommended by Gastelum et al.10 Older men at 

risk for undiagnosed diabetes and the metabolic syndrome 

constitute one large patient subgroup where targeted screen-

ing for masked depression may be cost-effective. Depressive 

symptoms may serve as a clue to undiagnosed diabetes, which 

was found to be 1) more common in individuals who were 

male, overweight, or hypertensive (ie, with the metabolic 

syndrome),85 2) an indicator of non-adherence to diabetes 

diet or care regimen,86 and 3) a predictor of dropout from 
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weight loss programs.87 There is some evidence that alexi-

thymia may lead to unhealthy dietary habits and sedentary 

lifestyles.88 In addition, alexithymia is a stronger predictor 

of emotional eating, a behavioral manifestation of distress, 

in obese men than obese women.44 Larsen et al44 attribute 

this finding to the greater means for emotional regulation 

available to women, and they call for interventions that are 

targeted to men to curb emotional eating.

Conclusion
The scope for targeting cost-effective screening may be espe-

cially promising in older men with the metabolic syndrome 

(either hypertension or silent CVD in the context of excess 

weight and/or diabetes), given their more pronounced fre-

quency in the representative New Haven community. There 

is also scope for targeting older women or both genders in 

several diabetes and/or overweight clusters that involve stroke 

or VCI. Replicating the study findings in different data can 

help us strategize how to use screening instruments more cost-

effectively by targeting their use within older adult subgroups 

who appear to be at greater risk for major depression, undiag-

nosed diabetes, or non-adherence to medical care regimens or 

dietary and lifestyle interventions, any of which may acceler-

ate progression of metabolic and cerebrovascular conditions. 

Although the study has placed primary emphasis on identi-

fying participant subgroups with clear evidence of masked 

depression, depression screening and follow-up should also 

include the targeted subgroups in this study with non-masked 

depression (ie, with clearly endorsed dysphoric mood) and 

with equivocal findings regarding masked depression.
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Table S1 CES-D depression items associated with co-occurring progressive cerebrovascular disease subgroups based on overweight, 
smoking, and diabetes: multivariate regressions

Vascular conditions and subgroups Potential masked depression (√)

CES-D depression items Multivariate regressions

b SE z*

Hypertension × not overweight × diabetes (male) (√)

No statistically significant items

Hypertension × not overweight × diabetes (female) (√)
Enjoyed life 0.970 0.464 2.090
Talked less than others 1.102 0.489 2.256
Silent CVD × overweight (male) (√)
Depressed 2.542 0.841 3.023
Happy 1.712 0.427 4.012
Silent CVD × overweight (female)
Life a failure 1.244 0.145 8.594
Crying spells 0.951 0.097 9.800
Depressed 1.771 0.099 17.962
Blues 0.729 0.065 11.301
Sad 2.201 0.123 17.928
Happy 1.575 0.072 21.866
Enjoyed life 1.412 0.054 26.220
Good as others -0.499 0.086 -5.804
Everything an effort 1.089 0.078 13.906
Poor appetite 2.033 0.100 20.271
Difficulty concentrating -0.247 0.081 -3.051
Talked less than others -0.839 0.080 -10.540
Restless sleep 0.237 0.073 3.218
Not get going 0.371 0.070 5.297
Lonely 0.593 0.067 8.807
People unfriendly -0.253 0.116 -2.178
Silent CVD × diabetes (male) (√)
Life a failure -2.349 0.873 -2.691
Blues -2.106 0.913 -2.306
Good as others -2.268 0.879 -2.581
Everything an effort 1.243 0.529 2.351
Difficulty concentrating 1.556 0.516 3.016
Silent CVD × not overweight × diabetes (female)
Crying spells 1.289 0.550 2.343
Depressed 1.734 0.710 2.442
Sad 1.284 0.396 3.242
Happy 1.684 0.701 2.403
Hopeful 2.092 1.063 1.967
Poor appetite 2.631 0.848 3.103
Fearful 1.044 0.460 2.270
Silent CVD × no smoking × not overweight (male)
Bothered by things 0.718 0.336 2.136
Depressed 0.900 0.383 2.353
Sad 0.706 0.334 2.117
Happy 1.099 0.360 3.054
Hopeful 0.719 0.223 3.223
Everything an effort 1.031 0.348 2.963
Poor appetite 1.023 0.273 3.740
Difficulty concentrating 0.793 0.344 2.307
Restless sleep 0.858 0.322 2.665
Not get going 0.695 0.343 2.027
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Vascular conditions and subgroups Potential masked depression (√)

CES-D depression items Multivariate regressions

b SE z*

Silent CVD × no smoking × no diabetes (male)
Bothered by things 0.567 0.287 1.977
Life a failure 0.869 0.334 2.599
Depressed 0.815 0.248 3.285
Blues 0.603 0.294 2.052
Sad 0.638 0.273 2.339
Happy 0.765 0.276 2.771
Hopeful 0.543 0.227 2.386
Enjoyed life 0.736 0.294 2.501
Everything an effort 0.771 0.229 3.376
Poor appetite 0.584 0.264 2.215
Restless sleep 0.694 0.301 2.302
Not get going 0.731 0.254 2.879
Silent CVD × no smoking × no diabetes (female)
Bothered by things 0.807 0.228 3.544
Crying 0.537 0.256 2.097
Blues 0.330 0.170 1.940
Enjoyed life 0.546 0.167 3.277
Everything an effort 0.646 0.226 2.858
Poor appetite 0.809 0.226 3.572
Difficulty concentrating 0.636 0.256 2.481
Talked less than others 0.781 0.228 3.433
Restless sleep 0.685 0.205 3.342
Not get going 0.645 0.227 2.847
Lonely 0.610 0.206 2.959
Stroke × overweight × no diabetes (√)
Everything an effort 0.963 0.405 2.379
Stroke × overweight × no diabetes (female) (√)
Enjoyed life 0.798 0.404 1.973
Everything an effort 1.041 0.373 2.789
Stroke x diabetes (√)
People unfriendly -1.312 0.611 -2.147
Stroke × overweight × diabetes (√)
No statistically significant items.
Vascular cognitive impairment x overweight
Bothered by things 0.722 0.122 5.941
Life a failure 0.591 0.246 2.408
Blues 0.471 0.222 2.124
Happy 0.409 0.165 2.475
Hopeful 0.422 0.111 3.788
Enjoyed life 0.407 0.174 2.341
Everything an effort 0.707 0.178 3.967
Poor appetite 0.679 0.146 4.639
Talked less than others 0.675 0.201 3.362
Restless sleep 0.686 0.185 3.707
Not get going 0.796 0.171 4.656
Lonely 0.443 0.170 2.604
Fearful 0.582 0.238 2.443
Vascular cognitive impairment × overweight (female)
Bothered by things 0.983 0.226 4.341
Blues 0.517 0.256 2.016
Happy 0.482 0.221 2.180
Hopeful 0.456 0.187 2.433
Everything an effort 0.705 0.235 2.994
Poor appetite 0.761 0.198 3.846
Talked less than others 0.876 0.292 3.003

(Continued)
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Vascular conditions and subgroups Potential masked depression (√)

CES-D depression items Multivariate regressions

b SE z*

Vascular cognitive impairment × overweight (female)
Restless sleep 0.766 0.206 3.713
Not get going 0.990 0.195 5.066
Lonely 0.494 0.203 2.429

Fearful 0.671 0.319 2.104
Vascular cognitive impairment × overweight × no diabetes (female) (√)
Talked less than others -1.749 0.797 -2.195
Vascular cognitive impairment × not overweight × no diabetes (√)
Bothered by things 1.313 0.666 1.972
Everything an effort 1.742 0.725 2.401
Poor appetite 1.312 0.591 2.217
Difficulty concentrating 1.376 0.593 2.320
Fearful 1.292 0.580 2.227

Notes: *Two-tailed test significance is as follows: 1) z = 1.960 (p = .05); 2) z = 2.326 (p = .025); 3) z = 2.576 (p = .01); 4) z = 3.291 (p = .005).
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CVD, cerebrovascular disease; SE, standard error.

Table S1 (Continued)
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