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Abstract

Objectives—White matter lesions (WMLs) are associated with depressive symptoms in older 

adults. However, it is not clear whether different symptom dimensions of depression have distinct 

associations with WMLs. We assessed the longitudinal relationships of the Center for 

Epidemiologic Studies Depression Scale (CES-D) total score and subscale scores with WML 

volume in the Baltimore Longitudinal Study of Aging (BLSA).

Design—Prospective observational design with examination of WML volume and depressive 

symptoms at 1–2 year intervals for up to 9 years.

Setting—Neuroimaging substudy of the BLSA.

Participants—116 dementia-free participants (mean age = 68.78 ± 7.68).

Measurements—At each visit, depressive symptoms were measured with the CES-D and WML 

volumes were quantified from structural magnetic resonance imaging scans.

Results—Higher CES-D full scale scores were associated with greater WML volume and with a 

faster rate of volume increases over time in women, especially at older ages. Higher depressed 

mood and somatic symptoms subscale scores were associated with greater increases in WML 

volume over time at older ages. In men, depressed mood and somatic symptoms were associated 

with larger WML volume at baseline.
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Conclusions—Findings confirm an association between WMLs and depressive symptoms and 

suggest that depressed mood and somatic symptoms may be stronger predictors of depression-

related brain changes than lack of well-being. Age and sex may moderate the relationships 

between depressive symptoms and WMLs. Understanding particular symptom dimensions of 

depressive symptoms has implications for treatment and may lead to targeted interventions and 

more precise knowledge of mechanisms underlying depression.
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Objective

A large body of research has documented brain changes in late-life depression that are 

greater than would be expected due to age (1–4). For example, older depressed adults show 

disproportionate volume reduction, altered blood flow at rest, and functional changes in 

response to cognitive challenge in a network of frontolimbic brain regions. White matter 

changes are also common in late-life depression and are often observed as white matter 

hyperintensities (WMH), bright spots observable on T2-weighted magnetic resonance 

imaging (MRI) scans that are thought to reflect vascular and/or demyelinating brain disease 

(5,6). Studies using both subjective ratings of WMH severity and quantitative measurement 

of white matter lesion (WML) volume have documented greater severity of white matter 

changes in older depressed adults compared to elderly controls (7–13). Moreover, there is 

evidence that the severity of WMLs is greater in late onset versus early onset geriatric 

depression (6). Longitudinal studies are limited, but there is some evidence that older 

depressed patients with greater severity of subjectively rated WMHs have a more severe and 

persistent course of depression over 5 years than those with less extensive WMHs (14). 

Furthermore, longitudinal studies using volumetric segmentation of white matter signal 

abnormalities found that larger WML volume at baseline predicted a greater risk for 

depression during 4-year follow-up (15) and that WML changes predicted depressive 

symptom changes over one year, even after controlling for baseline depressive symptoms, 

quality of life and worsening disability (16).

Additional longitudinal studies are needed to clarify the relationship between WMLs and 

depressive symptoms over time. In light of recent findings that different symptom 

dimensions of depression (e.g., affective, somatic and interpersonal symptoms) have distinct 

associations with cognitive functioning, brain structure and function, and clinical outcomes 

(17–19), research that investigates the relationship of symptom dimensions of depression 

with WMLs is also needed. Moreover, correlates of depression, including health outcomes, 

cognition, quality of life, and cerebral blood flow, differ by sex, (20–22), emphasizing the 

need to clarify whether relationships between depressive symptoms and WMLs differ in 

men and women. The current study addressed these issues using data from the Baltimore 

Longitudinal Study of Aging (BLSA). Previous work in the BLSA showed that symptoms of 

depressed mood predicted greater severity of WMH ratings over time in men but not in 

women, while total depressive symptoms did not predict subsequent WMH changes in either 

sex (23). The present study expanded this research by using quantitative measures of WMLs 
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with more time points and a larger sample, and including addition symptom dimensions of 

depression.

Based on previous evidence, we hypothesized that overall depressive symptoms would be 

associated with progression of WMLs over time. Previous work has shown that depressed 

mood and somatic symptoms have particularly salient associations with cognitive and brain 

alterations (17, 18, 24). For example, one study showed that the CES-D depressed affect and 

somatic complaints subscales were associated with cognitive performance, while lack of 

positive affect and ‘interpersonal difficulties were not (17), and another study reported that 

psychomotor retardation was associated with decreased cerebral blood flow to frontal 

regions while other symptoms of depression were not associated with blood flow (24). 

Therefore, we hypothesized that somatic symptoms and depressed mood would have 

stronger associations with WMLs compared to symptoms of lack of well-being. Based on 

evidence that men are more vulnerable to the negative effects of depressive syndromes than 

women (22, 25, 26), we also hypothesized that the association between depressive 

symptoms and WMLs would be stronger in men than in women.

Methods

Participants

Participants were drawn from the BLSA neuroimaging substudy (27). This study has been 

ongoing since 1994 and was designed to investigate associations between age-related 

cognitive and brain changes. Participants received annual neuroimaging, cognitive, and 

clinical evaluations, and at the time of data analysis had been followed for up to 9 years. 

Exclusionary criteria for enrollment into the neuroimaging study included central nervous 

system disease (epilepsy, stroke, bipolar illness, previous diagnosis of dementia), severe 

pulmonary disease, severe cardiovascular disease (myocardial infarction, coronary artery 

disease requiring angioplasty or bypass surgery), and metastatic cancer.

Of the 153 participants enrolled in the neuroimaging substudy at the time of data analysis for 

whom WML volumes had been quantified, 149 had at least one Center for Epidemiologic 

Studies Depression Scale (CES-D) measurement. Two participants with severe 

cerebrovascular disease (e.g., subarachnoid hemorrhage, intracerebral hemorrhage, 

occlusion and stenosis of cerebral or precerebral arteries, and stroke) at the first 

neuroimaging visit were excluded. Participants who developed these conditions during the 

course of the study were included up until the time of diagnosis. Given the evidence that 

depression may be a prodrome or risk factor for mild cognitive impairment (MCI) and 

dementia (28,29), we excluded participants diagnosed with Alzheimer’s disease, other 

dementias, and mild cognitive impairment (MCI) not associated with depression (N = 31) at 

any point during the study. Diagnoses of dementia and MCI were determined at consensus 

conferences using Diagnostic and Statistical Manual of Mental Disorders, Third Edition, 

Revised criteria for dementia and the National Institute of Neurological and Communication 

Disorders-Alzheimer’s Disease and Related Disorders Association criteria for Alzheimer’s 

disease, as described previously (30).
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116 participants were included in the final sample. Participants were on average 68.78 years 

old (SD=7.68) at baseline and were followed for up to nine years (M= 6.02 SD=2.61). 

Twelve participants reported a history of depression; no other major psychiatric illness was 

present in the sample based on self report and review of available medical records. 

Participant demographic information is presented in Table 1. The study was approved by the 

local Institutional Review Boards and the National Institute on Aging Intramural Research 

Program, and all subjects gave written informed consent at each visit.

Depressive Symptomatology

At each visit, participants completed the CES-D. The CES-D is a widely used 20-item self-

report scale that measures depressive symptom severity and frequency over the past week 

(31). The CES-D has adequate validity in older community-dwelling adults and is frequently 

used in longitudinal studies (32). Factor analytic studies have identified four subscales in the 

CES-D: depressed mood, somatic symptoms, lack of well-being, and interpersonal problems 

(31). Items in each subscale are summarized in Table 2. CES-D scores range from 0 to 60, 

with higher scorers indicating greater depressive symptom severity.

Since scores on the CES-D were skewed in our sample, analysis of total depressive 

symptoms was based on score quartiles (cutoffs = 0–1; 2–3; 4–6; 7+). Due to the restricted 

range of scores on the subscales, analysis of the depressed mood (0–1 vs. 2+), somatic 

symptoms (0–4 vs. 5+), and lack of well-being (0–1 vs. 2+) subscales were based on a 

binary variable comparing the upper quartile of scores to the lower three quartiles. The 

interpersonal problems subscale was not included in the analyses because of the restricted 

range of this subscale, which comprises only 2 items (see Table 2).

Image Acquisition and White Matter Lesion Quantitation

MRI scans were performed at each annual visit; acquisition procedures are detailed 

elsewhere (27). Briefly, a GE Signa 1.5 Tesla scanner was used to acquire oblique axial 

interleaved spin echo proton density and T2-weighted images (repetition time (TR) = 3000, 

echo time (TE) = 34/100, field of view (FOV) = 24 cm, matrix = 256×192, number of 

excitations (NEX) = 0.5, 5-mm slice thickness; oriented parallel to the anterior–posterior 

intercommissural line), as well as axial T1-weighted three-dimensional spoiled gradient 

refocused images (TR = 35 ms, TE = 5 ms, flip angle = 45degree, NEX = 1, voxel 

dimensionsof 0.94 × 0.94 × 1.5 mm slice thickness). A computer-assisted white matter 

segmentation method, based on local features extracted from T1-weighted, T2-weighted and 

PD sequences, was used for volumetric assessment of WML using a support vector machine 

classifier. (FLAIR imaging was added to the protocol subsequently, but was not available 

during this timeframe, which spanned 1994–2005.) The same scanner was used at each visit. 

This procedure has been previously detailed (33,34).

Statistical Analysis

We performed a series of mixed-effects regression analyses in SAS using the PROC 

MIXED procedure to analyze the longitudinal relationship between depressive symptoms 

and WML volume. This method produces information on the unique effects of each 

predictor, including fixed and random effects, adjusting for all other terms in the model. 
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Mixed-effects models account for correlations among repeated measurements on the same 

participant, are unaffected by unequal numbers of visits among participants, and account for 

differences in the interval between visits. Thus, mixed-effects analyses are the preferred 

method of examining data with repeated outcome measurements obtained at non-uniform 

intervals, such as the data used in the present study (35).

We first examined the association of depressive symptoms as a whole with WML volume. 

CES-D score quartiles, sex, interval, interval2, and baseline age were independent variables 

in this model, while WML volume was the dependent variable. Baseline age captures cross 

sectional age differences, while interval represents the number of years since baseline testing 

and captures longitudinal changes. Interval2 was included to capture nonlinear longitudinal 

changes. All variables were continuous except sex (women, men) and CES-D score 

(quartiles 1 through 4). All two- and three-way interactions were included in the model. 

Independent variables and their interactions were modeled as fixed effects, while intercept 

and interval were modeled as random effects. A backward elimination procedure was 

utilized in which all main effects remained in the model while non-significant interaction 

terms (p > 0.05) were eliminated from the model in stages to reach the final solution (35).

To examine the association of symptom dimensions of depression with longitudinal change 

in WML, we performed separate mixed models using scores on the depressed mood, somatic 

symptoms, and lack of well-being subscales (binary variables: upper quartile vs. lower 3 

quartiles), rather than the total score, as independent variables. Otherwise the models were 

identical to that described above.

Results

As we hypothesized, both cross-sectional and longitudinal relationships between depressive 

symptoms and WMLs were observed. Analysis of the total CES-D score revealed a four-

way interaction between baseline age, interval, CES-D score, and sex [F(1, 473) = 4.73, p = 

0.030] (Figure 1; Table 3). Baseline age is represented as a categorical variable in the figures 

for ease of display, but analyses were performed with age as a continuous variable. To better 

understand this four-way interaction, we performed a post hoc analysis stratified by sex. In 

women, higher CES-D scores were associated with larger WML volumes and a faster rate of 

increase in WMLs over time [CES-D F(1, 210) = 4.73, p = 0.031; interval × CES-D F(1, 

210) = 24.48, p = 0.000], specifically at older baseline ages [baseline age × CES-D F(1, 

210) = 4.96, p = 0.027; age × interval × CES-D F(1, 210) = 26.93, p = 0.000]. The total 

CES-D score was not associated with WML volumes in men.

Analysis of the CES-D symptom subscales revealed that higher scores on both the depressed 

mood (Table 4; Figure 2) and somatic symptoms (Table 5; Figure 3) subscales were 

associated with a faster rate of increase in WML volume over time at older baseline ages in 

the total sample [baseline age × interval × mood symptoms F(1, 475) = 3.90, p = 0.049; 

baseline age × interval × somatic symptoms F(1, 478) = 4.02, p = 0.045]. In women, higher 

somatic symptoms were associated with a faster rate of increase in WML volume over time 

independent of baseline age [interval × somatic symptoms × sex F(1, 478) = 7.50, p = 

0.006]. In men, WML volume was associated with higher mood and somatic symptoms at 
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baseline [mood symptoms × sex F(1, 475) = 5.28, p = 0.022, baseline age × mood symptoms 

× sex F(1, 475) = 5.00, p = 0.026; somatic symptoms × sex F(1, 478) = 5.05, p = 0.025, 

baseline age × somatic symptoms × sex F(1, 478) = 7.14, p = 0.008]. Symptoms of lack of 

well-being were not associated with WML volumes (Table 6).

Conclusions

Our results confirm an association between WMLs and depressive symptoms over time in 

older adults. Consistent with our hypotheses, we found that depressed mood and somatic 

symptoms are more potent predictors of longitudinal changes in WML volume than are 

symptoms of lack of well-being. Contrary to our prediction, longitudinal associations 

between depressive symptoms and WML volumes were not stronger in men than in women, 

but we did observe cross-sectional relationships of WML volume with depressed mood and 

somatic symptoms in men, but not women.

A wealth of research has documented a relationship between depression or subthreshold 

depressive symptoms and WMLs in older adults (7,8,14,15), although there are some 

exceptions (36). This work has primarily been cross-sectional in nature, although there are 

longitudinal studies examining the relationship over time for up to 4 years that have shown 

that depression at baseline predicts longitudinal increases in WMLs (15). Our current 

finding that depressive symptoms predict longitudinal increases in WML volume over up to 

9 years expands upon previous research by including more CES-D and WML 

measurements, and a quantitative measure of WML volume rather than WMH ratings that 

are commonly used. These differences may explain the discrepancy between the current 

findings and previous work in the BLSA, in which total depressive symptoms were not 

associated with WMH ratings (23).

The current findings also expand upon previous research by examining whether the 

relationship between depressive symptoms and WML volume differs for distinct symptom 

dimensions of depression. Depression is a heterogeneous disorder that comprises myriad 

symptoms, including sad mood, interpersonal problems, somatic complaints, cognitive 

symptoms, and anhedonia. Emerging research has documented distinct clinical outcomes, 

cognitive correlates and neural alterations associated with different symptom dimensions 

(17–19). Indeed, we previously found that only depressed mood symptoms predicted 

subsequent increases in WMH ratings in older men in the BLSA (23). In the current study, 

depressed mood and somatic symptoms were associated with increases in WML volume 

over time. This is consistent with previous research showing that the affective symptoms 

and somatic subscales of the Beck Depression Inventory were related to demyelinating 

lesions in the arcuate fasciculus of multiple sclerosis patients, while performance difficulties 

and cognitive distortions were not (37). While the association of somatic symptoms with 

WML may be confounded by the prevalence of somatic complaints in individuals with 

vascular disease, the strong association of depressed mood with WML suggests that 

depression is a risk factor for WML independent of physical symptoms.

We predicted that men would show stronger associations between depressive symptoms and 

WML than women. We did find cross-sectional relationships of higher depressed mood and 
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somatic symptoms with larger WML volumes in men, but not women. However, our 

hypothesis was only partially supported, as the total CES-D score was associated with WML 

volumes in women, but not in men. Moreover, depressed mood and somatic symptoms were 

associated with increases in WML volumes over time in both men and women at older ages, 

but only in women were somatic symptoms associated with increasing WML volume 

independent of age. This is in contrast to our previous study (23), in which depressed mood 

predicted subsequent increases in WMH ratings in men, but not in women. The reasons for 

the discrepancy are unclear but may be related to methodological differences between the 

two studies. In the previous study, statistical models predicted WMH ratings at one visit 

from CES-D scores 1–2 years prior, thus capturing the long-term impact of depressive 

symptoms on white matter changes. In contrast, the current study focused on coincident 

changes in WML volumes and depressive symptoms over time. Additional research is 

needed to clarify sex differences in the relationships between white matter changes and 

depressive symptoms, including examining the possibility of a differential impact of sex on 

the short-term versus long-term association of depressive symptoms with WML volumes.

Both cross-sectional and longitudinal associations of depressive symptoms with WML in 

our study were greater at older ages. This is not unexpected considering previous findings 

that age and depression have an additive or synergistic effect on a number of outcomes, 

including cognitive functioning, brain structure, and brain function (38). Moreover, age, in 

the absence of depression, is a risk factor for vascular disease and greater severity of WMLs 

(39). These findings suggest that identification and treatment of both vascular disease and 

depression are particularly important at older ages.

It is possible that distinct trajectories of CES-D change over time are present in our sample, 

and that these longitudinal changes in CES-D would have differential associations with 

changes in WML volumes over time. Examination of patterns of CES-D change is beyond 

the scope of the present study. Future work will examine the relationship between WML 

change over time and trajectories of CES-D symptoms. Recent research has found that 

lesion location may be more important than volume in determining effects on mood. In 

particular, lesions in the dorsolateral prefrontal cortex, orbitofrontal cortex, anterior 

cingulate, uncinate fasciculus and superior longitudinal fasciculus have been associated with 

depression (36,40). We were not able to examine whether associations with depressive 

symptoms and WMLs were affected by lesion location since regional WML volumes were 

not available for the BLSA neuroimaging substudy at the time of data analysis. Future 

research will examine regional volumes as those data become available. The demographic 

characteristics of our sample is also a limitation, as the homogenous sample of primarily 

Caucasian participants may limit generalizability, particularly considering ethnic group 

differences in vascular disease risk. Nonetheless, in light of the strengths of the study, 

including the large sample size, long follow-up period, and use of WML volumetric 

procedures rather than WMH ratings, current findings are informative and contribute to the 

literature on vascular disease and late-life depressive disorders.

This research has important implications for treatment. Vascular disease and depression 

appear to have a bidirectional relationship (41). Considering that WML are associated with 

an increased risk of disability, cognitive impairment, dementia, and mortality, identifying 
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and treating elderly individuals experiencing depressive symptoms is paramount. Our results 

suggest that depressed mood symptoms are particularly important warning signs for risk for 

WMLs in older adults, and for men, somatic symptoms are also an important predictor. 

Effective intervention strategies for these symptoms may slow the progression of white 

matter disease and subsequent negative outcomes.

In summary, present findings confirm an association between depressive symptoms and 

WMLs. Moreover, this study expands upon previous findings by demonstrating that 

different symptom dimensions of depression have distinct associations with WMLs, with 

depressed mood predicting increased WMLs over time in both men and women and somatic 

symptoms predicting greater WML volume only in men. These findings have important 

implications for understanding the bidirectional relationship between depression and 

vascular disease and for targeting interventions in depressed elders. Future research should 

examine the causal relationship between symptoms dimensions of depression and WMLs.
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Figure 1. 
Change in white matter lesion volume over 5 years as a function of the Center for 

Epidemiologic Studies Depression Scale (CES-D) total score quartiles. Bars represent 

difference scores computed from estimated values at baseline and in year 5. Note: Age 

groupings are for visual representation; age was analyzed as continuous measures in all 

statistical analyses.
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Figure 2. 
Change in white matter lesion volume over 5 years as a function of the Depressed Mood 

Subscale of the Center for Epidemiologic Studies Depression Scale (CES-D). Bars represent 

difference scores computed from estimated values at baseline and in year 5. Low Mood 

Symptoms = lower 3 quartiles of scores (0–1); High Mood Symptoms = upper quartile of 

scores (2+). Note: Age groupings are for visual representation; age was analyzed as 

continuous measures in all statistical analyses.
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Figure 3. 
Change in white matter lesion volume over 5 years as a function of the Somatic Symptoms 

Subscale of the Center for Epidemiologic Studies Depression Scale (CES-D). Bars represent 

difference scores computed from estimated values at baseline and in year 5. Low Somatic 

Symptoms = lower 3 quartiles of scores (0–4); High Somatic Symptoms = upper quartile of 

scores (5+). Note: Age groupings are for visual representation; age was analyzed as 

continuous measures in all statistical analyses.
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Table 2

CES-D items by subscale

Depressed Mood

  I felt that I could not shake off the blues…

  I felt depressed.

  I thought my life had been a failure.

  I felt fearful.

  I felt lonely.

  I had crying spells.

  I felt sad.

Somatic Symptoms

  I was bothered by things that usually don’t bother me.

  I did not feel like eating…

  I had trouble keeping my mind on what I was doing.

  …everything I did was an effort.

  My sleep was restless.

  I talked less than usual.

  I could not get “going.”

Lack of Well-being

  I felt I was just as good as other people.

  I felt hopeful about the future.

  I was happy.

  I enjoyed life.

Interpersonal Problems

  People were unfriendly.

  I felt that people dislike me.
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Table 3

Regression coefficients in the final mixed effects regression model with the total CES-D score

df b SE

Baseline age* 112 86.120 39.486

Interval 473 1172.250 617.770

Interval2* 473 −109.060 48.438

CES-D* 473 1390.530 577.080

Sex 112 −135.130 3664.420

Baseline age × interval 473 −17.913 9.133

Baseline age × interval2** 473 1.8761 0.708

Baseline age × CES-D* 473 −20.886 8.270

Baseline age × sex 112 1.733 53.101

Interval × CES-D*** 473 −472.220 140.550

Interval × sex* 473 −1947.990 818.460

Interval2 × sex* 473 158.330 69.896

CES-D × sex 473 −1420.010 786.700

Baseline age × interval × CES-D*** 473 7.221 2.073

Baseline age × interval × sex* 473 30.626 12.045

Baseline age × interval2 × sex* 473 −2.511 1.017

Baseline age × CES-D × sex 473 21.807 11.375

Interval × CES-D × sex* 473 419.570 201.380

Baseline age × interval × CES-D × sex* 473 −6.475 2.977

Note: CES-D = Center for Epidemiologic Studies Depression Scale. Quartiles of CES-D scores were used in the statistical analyses.

*
indicates significance at p <.05

**
indicates significance at p <.01

***
indicates significance at p <.001
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Table 4

Regression coefficients in the final mixed effects regression model with the CES-D depressed mood subscale

df B SE

Baseline age 112 40.753 38.451

Interval 475 411.250 571.950

Interval2* 475 −95.788 48.359

Depressed mood 475 588.000 1173.300

Sex* 112 −7785.300 3579.370

Baseline age × interval 475 −6.276 8.447

Baseline age × interval2* 475 1.687 0.708

Baseline age × depressed mood 475 −10.047 16.717

Baseline age × sex* 112 114.410 51.878

Interval × depressed mood 475 −492.830 260.760

Interval × sex 475 −715.650 649.300

Interval2 × sex 475 134.290 70.058

Depressed mood × sex* 475 3478.360 1514.380

Baseline age × interval × depressed mood* 475 7.533 3.813

Baseline age × interval × sex 475 11.702 9.441

Baseline age × interval2 × sex* 475 −2.178 1.021

Baseline age × depressed mood × sex* 475 −49.114 21.972

Note: CES-D = Center for Epidemiologic Studies Depression Scale. Statistical analyses compared the upper quartile of depressed mood subscale 
scores to the lower three quartiles.

*
indicates significance at p <.05.
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Table 5

Regression coefficients in the final mixed effects regression model with the CES-D somatic symptoms 

subscale

df B SE

Baseline age* 112 79.020 36.033

Interval 478 −382.710 360.680

Interval2** 478 9.775 3.328

Somatic symptoms** 478 3465.760 1072.100

Sex 112 −2243.270 3184.090

Baseline age × interval 478 5.004 5.240

Baseline age × somatic symptoms*** 478 −56.385 15.673

Baseline age × sex 112 27.485 46.046

Interval × somatic symptoms 478 −372.670 235.720

Interval × sex 478 144.380 76.565

Somatic symptoms × sex* 478 −2837.440 1263.180

Baseline age × interval × somatic symptoms* 478 6.882 3.431

Baseline age × somatic symptoms × sex** 478 49.204 18.408

Interval × somatic symptoms × sex** 478 −132.710 48.476

Note: CES-D = Center for Epidemiologic Studies Depression Scale. Statistical analyses compared the upper quartile of somatic symptoms subscale 
scores to the lower three quartiles.

*
indicates significance at p <.05.

**
indicates significance at p <.01.

***
indicates significance at p <.001.
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Table 6

Regression coefficients in the final mixed effects regression model with the CES-D lack of well-being 

subscale

df b SE

Baseline age 112 26.710 32.477

Interval 480 −298.980 454.060

Interval2 480 −81.235 47.917

Lack of well-being 480 39.961 59.401

Sex 112 −4097.300 3140.110

Baseline age × interval 480 4.723 6.632

Baseline age × interval2* 480 1.448 0.700

Baseline age × sex 112 62.812 45.473

Interval × sex 480 −609.850 643.940

Interval2 × sex 480 128.980 69.084

Baseline age × interval × sex 480 9.913 9.353

Baseline age × interval2 × sex* 480 −2.066 1.005

Note: CES-D = Center for Epidemiologic Studies Depression Scale. Statistical analyses compared the upper quartile of lack of well-being subscale 
scores to the lower three quartiles.

*
indicates significance at p <.05.
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