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Abstract

Objective—This systematic and quantitative review evaluates the literature on associations 

between depressed mood and flow-mediated dilation (FMD), a measure of endothelial function, in 

adults.

Methods—Published English-language articles (through December 2010) were identified from 

literature searches, assessed for data extraction, and evaluated for quality.

Results—The literature includes cross-sectional (n = 9) and retrospective examinations (n = 3) of 

how FMD correlates with clinical or subclinical depression in healthy adults and cardiovascular 

patients (total N across 12 studies = 1491). FMD was assessed using a variety of methodologies. 

Samples were predominately older white and Asian subjects with higher socioeconomic status. In 

eight of the 12 articles selected for this review, at least one significant inverse association was 

noted between depressed mood and FMD, with primarily moderate effect sizes. The overall meta-

analysis (random-effects model) revealed a combined effect size of correlation coefficient r = 0.19 

(95% confidence interval = 0.08–0.29, p = .001). Significant combined effects were found for 

subgroups of studies that a) received better quality ratings (r = 0.29), b) examined patients with 

cardiovascular disease or with cardiovascular disease risk factors/comorbidity (r = 0.29), c) used 

maximum vasodilation to quantify FMD (r = 0.27), and d) assessed samples that had a mean age 

of 55 years and older (r = 0.15).

Conclusions—Diverse studies support the inverse correlation between depressed mood and 

endothelial function, as measured by FMD. This literature would be strengthened by prospective 

studies, increased methodological consistency in FMD testing, and broader sampling (e.g., African 

Americans, younger age, lower socioeconomic status).
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INTRODUCTION

Depressed mood is a prevalent condition that has been implicated as an independent risk 

factor in the pathogenesis of cardiovascular disease (CVD) and a predictor of impending 

cardiac events and postcardiac outcomes (1–4). A consistent threshold has not been found 

for the level at which depressive symptoms become cardiotoxic. Clinical depression (e.g., 

major depressive disorder [MDD]) and milder subclinical levels of depressive symptoms 

have been linked to adverse cardiovascular outcomes among initially healthy samples and 

CVD patients (3–6). Despite considerable work studying depression for links to blood 

pressure (BP) and autonomic nervous system physiology (6–10), the mechanisms linking 

depression to CVD remain uncertain.

Endothelial dysfunction is observed in atherosclerosis and cardiovascular events (11,12). 

Endothelial function can be evaluated by examining flow-mediated dilation (FMD). In 

FMD, endothelium-dependent vasodilation is elicited by a reactive hyperemia-induced rise 

in endothelial shear stress (13). In response to increased shear stress, the endothelium 

increases the release of nitric oxide. Under normal functioning, this leads to the relaxation of 

vascular smooth muscle and increased artery diameter (11–14). FMD is quantified as the 

increase in artery diameter relative to resting baseline (15). This noninvasive measure 

correlates with more invasive measures of endothelial functioning (12,16–18). FMD is 

predictive of adverse cardiovascular outcomes and is inversely related to cardiovascular risk 

(11,14,19–25).

Endothelial function has been of interest as a possible mechanism linking depression to 

CVD. This article evaluates the literature on depressed mood and endothelial function, as 

measured by FMD (10,26–36).

METHODS

Search Strategy

Based on recommendations for similar reviews (37), literature searches were conducted in 

MEDLINE and PsycINFO databases for all relevant articles on human studies published in 

English-language journals through December 2010. Searches involved a combination of 

search terms (“flow-mediated dilation” OR “dilation” OR “vasodilation” OR 

“vasodilatation” OR “endothelial” OR “endothelium” OR “reactive hyperemia”) AND 

(“depression” OR “depressive” OR “depressed” OR “mood” OR “negative affect”). We also 

reviewed the reference lists of retrieved articles to identify additional studies.

Study Selection Process

Our searches led to 12 articles that met the inclusion criteria (Fig. 1). This review included 

only published peer-reviewed articles on studies of clinical depression or depressive 

symptoms that provided data on associations with FMD, as measured by ultrasound imaging 

of the brachial artery response to reactive hyperemia. We excluded studies that a) measured 

FMD and depression without analyzing their association, b) sampled only patients with 

MDD (no comparison group) to test how FMD correlated with other measures, or c) 
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examined depression relative to other types of tests for endothelial function (e.g., coronary 

artery acetylcholine response) (38–41).

Data Extraction

Details from the articles were logged into a standard form to characterize each study. Of 

interest were the methodological details of FMD and depression assessments, sample 

characteristics, study designs, study exclusions, the significance of associations, covariate 

adjustments, blinding of the FMD experimenter, and efforts to limit exposure to acute 

confounders of FMD (e.g., smoking, caffeine) before testing.

Statistical Analyses

An effect size quantified as correlation coefficient “r” was computed for the reported 

associations between depressed mood and FMD. (For reference of effect sizes, r = 0.10: 

small; r = 0.30: moderate; r = 0.50: large) (42,43). Some r’s were taken directly from 

articles that provided product moment correlations (e.g., Pearson r, Spearman ρ), whereas 

r’s for other studies were converted from translatable statistics (e.g., mean [standard 

deviation], F values). We took a conservative approach (42) by assigning r = 0.00 to articles 

with no translatable data (e.g., “results were nonsignificant”).

To have independent effects, each study reporting multiple analyses was represented in the 

meta-analytic model by a single effect derived from that study’s strongest methodology. For 

example, an effect from retrospective data was chosen if the study provided both 

retrospective and cross-sectional data. The effect derived using a continuous depressive 

symptom variable was selected if a study analyzed both continuous and dichotomized 

(weaker statistical power) scores. If a study analyzed a whole sample and subsamples, the 

effect for the larger whole sample was chosen.

Meta-analytic procedures, as described by Field and Gillett (43), were conducted using 

SPSS 18 (SPSS Inc, Chicago, IL) and R software (R Foundation for Statistical Computing, 

Vienna, Austria) (44). On preliminary examination of the Q statistic in a fixed-effect model 

and in finding significant (p < .001) heterogeneity, we determined that a random-effects 

model would be most appropriate. Whereas fixed-effects models assume that between-study 

differences are due to sampling error across homogenous studies measuring the same 

underlying effects in the same population, random-effects models have greater 

generalizability by considering such differences to be due to underlying effects among 

heterogeneous populations (45,46).

Random-effect models (47) were conducted to obtain combined effect sizes for the set of 12 

studies and for several study subgroups. The subgroup meta-analyses aggregated the studies 

by cardiovascular status, depression assessment, age group, FMD quantification, and quality 

score. The Q statistic of the random-effects model did not indicate significant heterogeneity 

(p > .10) of effect sizes in the overall meta-analysis, so we did not test study characteristics 

as potential moderators of the depression-FMD link. Potential publication bias was 

examined with a funnel plot (43) and Begg and Mazumdar’s adjusted rank correlation test 

(48), as well as Rosenthal’s (49) “fail-safe n,” which estimates how many unpublished 
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studies with nonsignificant findings (sometimes called the “file-drawer problem”) it would 

take to render the combined effect size nonsignificant.

Quality Assessment of Reported Studies

Two coauthors (D.C.C. and L.M.T.) evaluated articles for strength of evidence and reporting 

quality using a rating system adapted from other reviews (3,50), which assigned a priori 

values to parameters as detailed in Appendix 1. Each article was evaluated for study design/

methodology and whether enough information was provided to facilitate study replication 

and comparison across samples. Whereas strength of evidence total quality scores could 

range from 5 to 15, total reporting quality scores could range from 0 to 4. Any discrepant 

scoring was resolved by consensus between the two raters.

RESULTS

Characteristics and Quality of Studies on Depression and FMD

Sample Characteristics—The 12 published studies included a total of 1491 adult 

subjects drawn from clinical and community populations in the United States, Europe, and 

Asia (Table 1A, Table 1B). The five studies focusing on MDD (current or remitted) 

included between 22 and 68 subjects, whereas the seven investigations of depressive 

symptoms included from 46 to 415 subjects. Studies examined younger (26,27,31) and older 

(29,32,33–35) healthy adults, as well as younger-to-older patients with documented CVD or 

elevated risk factors for CVD, including diabetes (10,28,30,36). Data on socioeconomic 

status (SES) were reported in only five articles (29,30,32,34,35), which indicated primarily 

well-educated, higher SES samples. Based on the seven articles reporting race/ethnicity 

data, the samples were predominately white (i.e., 80%–96%) (28–30,35) and Asian (33,34), 

with African Americans well represented (48%) in the sample of only one study (31).

Study Design Characteristics—The literature on FMD and depressed mood is 

predominately cross-sectional, with some retrospective work (29,30,32) but no prospective 

studies. The studies examined whether FMD differed when patients with current MDD 

(27,28) or remitted MDD (26) were compared with controls or if it varied according to 

histories of clinical depression (29,30). The remaining studies (10,31–36) on FMD used 

well-established self-report measures of depressive symptoms (e.g., Beck Depression 

Inventory [BDI]). All studies addressed potential confounders through exclusion criteria and 

most studies included statistical adjustments, with the exception of four smaller studies (26–

28,34). Most articles reported limiting subjects’ exposure to acute confounders of FMD in 

the hours before testing.

FMD Assessment Characteristics—The protocol variations in testing FMD are shown 

in Table 2. The cuff pressures applied for occlusion ranged from 10 mm Hg higher than the 

participants’ systolic BP up to a standard systolic BP of 300 mm Hg. Approaches differed 

with regard to how long the brachial artery was occluded to induce reactive hyperemia and 

where the cuff used for occlusion was positioned. The number of postocclusion ultrasound 

images collected varied because of differences in measurement intervals and testing 

durations. Eight of the articles (10,26–29,33,34,36) reported that FMD testing was followed 
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by administration of nitroglycerin (or similar agents) to quantify endothelial-independent 

dilation. Only one study found a significant relationship between nitroglycerin-induced 

dilation and depressed mood (10).

Quality Assessment—Table 1A and Table 1B include quality scores for strength of 

evidence and quality of reporting. With a possible range of 5 to 15, the strength of evidence 

quality scores ranged from 7 to 12, with a mean of 9.9 (standard deviation = 1.5). (Of the 12 

articles, two studies received two quality scores due to multiple designs/measures (10,32), 

but only the lowest score for each was used to calculate the overall mean strength of 

evidence score). We considered the studies with strength of evidence scores of 11 or more to 

have the strongest methodological rigor and to be “better-quality” studies (n = 6). Of those 

six studies, significant correlations between FMD and depression status were shown in five 

studies (10,26,29,30,36), whereas one study (28) reported no association (Fig. 2). With a 

possible range from 0 to 4, the reporting quality scores ranged from 1 to 4. The details most 

often lacking in articles were regarding how baseline was assessed and quantified for use in 

the calculation of FMD and whether the experimenter testing FMD was blinded to subjects’ 

depression status.

Study Results and Meta-Analyses

Study Results—Table 1A and Table 1B summarize the 12 reviewed studies, including 

effect sizes (r). Eight studies found at least one significant inverse association between 

depression and FMD (10,26,27,29–32,36). Of the five studies examining correlations 

between MDD and FMD (26–30), four found significance with moderate to large effects 

(26,27,29,30). The largest effect (r = 0.57) found was for a study (26) showing less 

vasodilation among healthy adults with recently treated MDD (n = 12) compared with age-/

sex-matched controls (n = 10). Of the seven studies examining a link between FMD and 

depressive symptoms, three studies found small-to-moderate effects for inverse associations 

between vasodilation and scores on the BDI (10,36) and on the Profile of Mood States–

Depression subscale (31). Of these three studies, the largest effect (r = 0.33) was found (10) 

for FMD and BDI among adults with two or more CVD risk factors (n = 415).

Meta-Analysis: Overall—As shown in Table 3, the 12 studies yielded a combined effect 

size of r = 0.19, 95% confidence interval = 0.08–0.29, p = .001, for the association between 

depressed mood and FMD. While the Begg and Mazumdar’s test (48) indicates some 

publication bias (p < .05), the funnel plot’s (Fig. 3) asymmetry is not striking, given our 

conservative use of r = 0.00 for articles reporting results as “nonsignificant.” Moreover, 

publication bias due to unpublished studies was not indicated by the fail-safe n of 169, 

which exceeds Rosenthal’s (49) critical value of 5k + 10 (i.e., 70 in this meta-analysis). 

Thus, neither the funnel plot nor the fail-safe n shows substantial publication bias, which 

suggests that these results are reasonably robust. The nonsignificant Q statistic indicated that 

effect sizes were not heterogeneous in this random-effects model, so we did not conduct 

moderator analyses. However, we conducted meta-analyses on subgroups.

Meta-Analysis by Subgroups—Five subgroups showed significant (or marginal) and 

reasonably robust (based on fail-safe n) combined effect sizes (Table 3). The subgroups 
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included studies that a) rated as better quality (r = 0.29), b) sampled patients with CVD or 

elevated CVD risk factors/comorbidity (r = 0.29), c) used maximum vasodilation to measure 

FMD (r = 0.27), d) examined samples with a mean age of 55 years or older (r = 0.15), and e) 

assessed depressive symptoms (r = 0.13). Several subgroups had significant combined effect 

sizes that were vulnerable to publication bias (per fail-safe n), including studies that 

measured FMD as percent change in diameter or focused on healthy adults, patients with 

current/remitted MDD, or samples with mean age of older than 55 years. The only 

nonsignificant effect in these meta-analyses was found for the subgroup of studies that were 

not rated as better quality.

DISCUSSION

To the best of our knowledge, this is the first review of the literature on the relationship 

between depressed mood and FMD. The 12 studies meeting our inclusion criteria were 

generally of good quality but varied considerably methodologically. Still, most of these 

studies found associations for FMD with depressive mood, whether it was assessed as 

current MDD, remitted MDD, or depressive symptoms.

Quantitative Findings

The overall meta-analysis combined effect size of r = 0.19 for the association between 

depressed mood and FMD may be an underestimation, given our fairly conservative 

approach in determining study effect sizes (e.g., r = 0.00 for results reported as not 

significant). To put this overall effect size for depression and FMD (r = 0.19) in perspective, 

another meta-analysis found combined effect sizes of r = 0.19 and r = 0.13 for the 

relationship of obesity to systolic BP and diastolic BP, respectively (51).

A larger effect (r = 0.29) was found when meta-analyses were limited to subgroups of either 

better-quality studies or studies examining patients with CVD/CVD risk factors (all of 

which were rated better quality). The subgroup of studies that did not receive better-quality 

status may have had a nonsignificant combined effect partly because it included several 

studies with null findings that had examined depressive symptoms only as a secondary 

variable. Studies specifically designed to assess depressive symptoms and FMD in larger 

samples of healthy adults would strengthen this literature.

Meta-analyses of the FMD measurement subgroups revealed that the combined effects for 

both subgroups reached statistical significance, but only the effect (r = 0.27) for the group 

quantifying FMD as maximum percentage increase seemed to be robust against publication 

bias. It has not yet been established whether the prognostic value of FMD in predicting CVD 

varies according to how FMD is quantified. It may be useful to examine whether depression 

actually has a stronger relationship with the maximum vasodilation response compared with 

other measures of FMD.

Although both subgroups focusing on the mean age of samples showed significant combined 

effects for depression and FMD, only the studies with a mean age of 55 years and older 

produced an effect (r = 0.15) that fail-safe n indicated was relatively robust. The publication 

bias suggested in the subgroup of study samples with mean ages of 54 and younger may be 
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partly due to this subgroup only including three studies. More research on younger samples 

is needed to confirm that a depression-FMD link can be demonstrated among adults in 

whom age-associated cardiovascular risk factors are less prevalent.

Although the subgroup of FMD studies that examined links to depressive symptoms had a 

marginally significant and relatively robust combined effect (r = 0.13), the subgroup 

focusing on MDD produced a larger effect (r = 0.30) that fell slightly short of Rosenthal’s 

suggested fail-safe n (49). The marginal significance for depressive symptoms and slight 

publication bias for MDD studies might be due to the small number of studies in each 

subgroup. Expanding the number of FMD studies with both types of depression measures 

could strengthen the evidence provided by this literature.

Heterogeneity of Studies

Although we feel our meta-analysis results are informative, we acknowledge that their 

validity could be compromised because of the heterogeneity of the 12 reviewed studies. 

Random-effects models were used to account for this heterogeneity. The differences in the 

depression measures, FMD testing methods, sample compositions, and approaches to 

handling confounders can be viewed as a weakness of this literature. However, the fact that 

an association between depressed mood and FMD was found with a wide variety of methods 

and samples may in fact be a strength because it is unlikely that these significant 

associations are mere artifacts of shared methodologies across studies.

One of the difficulties with the varying approaches used in this literature is that there often 

are few, if any, studies that can be directly compared with investigations reporting null 

findings, such as Taylor et al. (28). One study by Rajagopalan and colleagues (27) found a 

moderate effect for FMD when comparing a group of healthy, young MDD patients to 

nonde-pressed age-/sex-matched controls using equally sized groups and the same male-to-

female ratio in both groups (n = 15; 4:11). Along with the two studies’ (27,28) 

inconsistencies in sample ages and cardiovascular health, Taylor et al. (28) had a higher 

proportion of women in their MDD group (n = 48; 16:32) than in their notably smaller 

control group (n = 20; 12:8), which could have resulted in the patient group having a smaller 

baseline diameter. Given the influence of baseline diameter on vasodilation changes in 

diameter (13), that study’s (28) null findings might have been different if its patient and 

control groups had equal proportions of women or if analyses had been adjusted for baseline 

diameter (52).

Some reports with null findings for depression-FMD link have no directly comparable 

studies because of their use of depression questionnaires not found in the existing FMD 

literature (33,34). However, none of the cross-sectional (33–35) and retrospective (32) 

studies with null findings for FMD and depressive symptoms reported limiting subjects’ 

exposure to acute confounders of FMD (e.g., caffeine, high fat) in the hours before FMD 

testing, unlike the three studies with significant findings for depressive symptoms and FMD 

(10,31,36). The aforementioned study with null findings for retrospective data (32) included 

a cross-sectional analysis that found an inverse association between FMD and depressive 

symptoms in a subsample of women on hormone replacement therapy (32). More research is 

needed to test whether that finding can be replicated.
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Future Research

It is unknown whether variations in FMD methodology affected the degree to which 

associations were found between depressed mood and FMD. The literature would be 

strengthened by a more consistent approach to FMD assessment. Given that eight studies of 

FMD included separate analyses of nitroglycerin-mediated dilation and depression (10,26–

29,33,34,36) and only one found significance (10), it may be useful to examine the utility of 

analyzing these dilation measures in separate models versus the same model (e.g., 

nitroglycerin response as a covariate).

The reported demographic data suggest that most samples had little racial/ethnic or 

socioeconomic diversity. The only study with African Americans well represented in its 

sample did not report any race-/ethnicity-specific data (31). More research is needed on 

minority populations, particularly African Americans, to further understand this group’s 

high rates of CVD. Studies of individuals with lower SES could be informative, given their 

vulnerabilities to CVD and economic stressors that can contribute to depression.

The literature suffers from a lack of prospective research, which is needed to assess whether 

depression-related endothelial dysfunction is predictive of CVD. It would be helpful to 

further elucidate the underlying mechanisms linking depression and FMD and the direction 

of the relationship. Although depression could contribute to endothelial dysfunction by 

increasing the likelihood of adverse health behaviors (e.g., smoking, lack of exercise, 

overeating, substance abuse), most studies showing a correlation between depression and 

FMD reported exclusions or adjustments made for these behaviors with direct and/or 

indirect measures (e.g., body mass index/ obesity for overeating/lack of exercise).

Thus, direct physiological pathways could be involved. For example, depressed individuals 

could have an impairment of the L-arginine–nitric oxide pathway (53). Nitric oxide is 

synthesized from the amino acid L-arginine by a family of enzymes called nitric oxide 

synthases (53). In addition to the literature linking depression to reduced FMD (a functional 

measure of nitric oxide–mediated dilation), depression also may be linked to lower nitrogen 

dioxides (metabolites of nitric oxide) and reduced platelet nitric oxide synthase activity (54). 

Research investigating such pathways would further enhance our understanding of the 

association among mood, endothelial dysfunction, and CVD.

Limitations

Several limitations of this review must be considered. The results of our meta-analyses 

should be viewed cautiously given the small sample sizes, array of methodologies, and 

variations in the populations sampled. We made a strong effort to identify and evaluate all of 

the relevant published studies in English-language journals. However, one or more articles 

may have been inadvertently omitted, and consideration of non–English-language articles 

could have changed the results. In addition, the use of another quality rating system and/or 

different raters could have produced a different set of better-quality studies. Finally, FMD is 

not the only approach that can be used to assess endothelial function, but several studies 

using other measures of endothelial dysfunction also suggest an association with depressed 

mood (38–41).
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CONCLUSIONS

Literature emerging in the last 10 years suggests that healthy adults and patients with CVD 

or elevated risk for CVD exhibit an inverse association between depressed mood and 

endothelial function, as measured by FMD. Prospective studies are needed to advance this 

research. Increasing the diversity (age, ethnicity, and SES) of samples and the consistency of 

methodology for FMD testing would further enhance this literature.
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Appendix

APPENDIX 1

Criteria for Strength of Evidence and Reporting Quality Ratings of Studies

Parameter Criteria Points

Protocol’s strength of evidence

a. What is the sample size?

b. What is the study design?

c. What is the comparison group?

d. How many study confounders were addressed via statistical 
adjustment or exclusion criteria (e.g., CVD, smoking, BMI, 
cardioactive/psychiatric medications, severe psychiatric 
illness, diabetes, menopause)?

e. How many acute influences on FMD were restricted by 
preassessment instructions to subjects, controlled research 
environments, or subject exclusions (e.g., smoking, caffeine, 
high fat, medications, exercise, nitrates, and/or alcohol)?

N ≤ 50 1

N = 51–100 2

N ≥ 100 3

Cross-sectional 1

Retrospective 2

Prospective 3

No comparison group 1

Unmatched, nondepressed group 2

Matched (or quasi matched),
nondepressed group

3

0 1

1–2 2

≥3 3

0–1 1

2 2

≥3 3

Article’s reporting of study protocol

a. Were the following elements of reactive hyperemia and 
vasodilation assessment described in detail to facilitate study 
replication: duration, timing/intervals, cuff inflation, cuff 
placement, and value calculations?

b. Were enough details provided on the following elements of 
baseline artery measurement to facilitate study replication: 
duration, intervals, and calculation of values?

c. Did the article provide specific statistical information on the 
results of analyses examining the association between FMD 
and depression?

No 0

Yes 1

No 0

Yes 1

No 0

Yes 1

No or not reported 0

Yes 1
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Parameter Criteria Points

d. Did the article indicate whether experimenters testing FMD 
were blinded to subjects’ depression status and/or the study 
hypotheses?

CVD = cardiovascular disease; BMI = body mass index; FMD = flow-mediated dilation.
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Figure 1. 
Flow diagram of process used in selection of studies for review.
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Figure 2. 
Percent change (or maximum percent change) in diameter and effect sizes of better-quality 

studies. Of these six studies, only Taylor et al. (28) showed a nonsignificant (ns) association 

between FMD and depression. max = maximum; %Δ = percent change.
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Figure 3. 
Funnel plot of the overall effect estimates (r) by their standard errors to assess publication 

bias. The vertical line reflects the summary effect estimate, and the dashed lines show 

pseudo 95% confidence limits for the summary effect estimate.
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TABLE 1

A. Major Depression (Current and Prior History) and FMD

Reference Cohort

Confounders Excluded
(E), Controlled (C),
and Avoided in Pre-
FMD
Test Preparation (P)

Depression and
FMD (%Δ in 
Diameter)
Association Tested

Significant: Yes/No;
Effect Size (r); SOE; RQ;
and Comments

Broadley et al. 
(26)

N = 22 (12 patients with treated
MDD [6m:6f] versus 10
age-/sex-matched controls
[8m:2f] [United Kingdom]);
mean age = 37 y

E: Smoke, HTN, DM, 
obese,
menopause, 
dyslipidemia,
cardioactive meds

Remitted MDD 
posttreatment
(per DSM-IV criteria, no
interview specified) and
FMD: maximum %Δ

Yes: MDD group
showed ↓ FMD than
control group,
p < .01; r = 0.57
SOE: 11; RQ: 2
10 of 12 patients were
on antidepressantsC: Age, sex

P: Fast, no caffeine (12 
h),
alcohol (24 h)

Rajagopalan et 
al. (27)

N = 30 (15 MDD patients with
MDD [4m:11f]) versus 15
age-/sex-matched controls,
[4m:11f] [United States]);
mean age = 29 y

E: Smoke, HTN, DM, 
obese,
family hx CAD, 
dyslipidemia,
oral contraceptives

Current MDD (per 
DSM-IV
criteria, interview not
specified) and FMD: 
%↓

Yes: MDD correlated
with ↓ FMD, p < .05;
r = 0.36
SOE: 9; RQ: 4
No exclusion/control of meds
(except oral contraceptives)

C: Age, sex, diet, fitness,
menstrual phase

P: None reported

Taylor et al. 
(28)

N = 68 (48 MDD patients at ↑
CAD risk [16m:32f] versus
20 age- and CAD risk–matched
controls [12m:8f] [United States]);
mean age = 62 y

E: Smoke, HPA/ANS 
active
meds; women had to be
postmenopausal/with 
stable
estrogen

Current MDD (per 
Depression
Interview Structured
Hamilton) and FMD: 
%Δ

No: FMD similar in
MDD and control
groups; p > .05;
r = 0.15
SOE: 11; RQ: 1
Little information on FMD
method/statistics

C: Age, CAD risk

P: Fast 12 h + no meds

Wagner et al. 
(29)

N = 39 postmenopausal women
assessed for history of MDD
(19: hx+/20: hx−) (United States);
Mean age = 61 y

E: Smoke, DM, CVD, 
current
depression

History of depressive 
episodes
(per SCID) and FMD: 
%Δ

Yes: ↑ no. MDD episodes
and ↓ FMD, p < .05;
r = 0.34
SOE: 11; RQ: 4

C:Metabolic syndrome, 
race,
HRT, CES-D

P: Fast 12 h; 24 h avoid 
lipid/BP
meds, exercise, caffeine,
high fat, aspirin, vitamins

Wagner et al. 
(30)

N = 44 postmenopausal women
with diabetes tested for
MDD/minor depression/dysthymia
history (28: hx+/16: hx−)
(United States); mean age = 62 y

E: Smoke, CVD, insulin, 
current
psychological disorder

History of depressive 
episodes
(per SCID) and FMD: 
%Δ

Yes: ↑ recurrence of
MDD and FMD ↓,
p < .05; r = 0.30
SOE: 11; RQ: 4

C: HTN, DM duration,
HbA1c, CES-D

P: Fast 12 h; 24 h avoid 
exercise,
high fat, aspirin, caffeine,
lipid/BP meds, vitamins
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B. Depressive Symptoms and FMD

Reference Cohort

Confounders Excluded 
(E),
Controlled (C), and 
Avoided in
Pre-FMD Test 
Preparation (P)

Depression and FMD
(%Δ in Diameter)
Association Tested

Significant: Yes/No;
Effect Size (r) SOE; RQ;
and Comments

Cooper et al. 
(31)

70 normotensive and mild
unmedicated HTN (otherwise
healthy) adults. (37m:33f)
(United States); mean
age = 36 y

E: Smoker (heavy), meds,
CVD, DM, major medical 
or
psychiatric illness, obese,
postmenopausal

POMS-Depression 
subscale
(continuous) and FMD:
maximum %Δ

Yes: FMD ↓ as
POMS-Depression ↑,
p < .05; r = 0.26
SOE: 10; RQ: 4

C: Age, sex, BMI, BP, 
response
bias (smokinga)

P:12 h: no smoking, 
exercise,
caffeine, alcohol, high
fat/nitrates

Harris et al. 
(32)

193 postmenopausal women
(United States). Mixed
retrospective and
cross-sectional study;
mean age = 61 y

E: (at entry) HRT, diastolic 
BP
>100 mm Hg, insulin, 
meds:
CVD, psychiatric

BDI (continuous) and
FMD: %Δ over time
(test intervals as within
subjects factor)

No: Retrospective,
p > .05; r = 0.00
Yes: Cross-sectional: FMD
↓ and BDI ↑ in HRT
users only, p < .01;
r = 0.17
SOE: 10/9
(retro/cross-sect);
RQ: 2

C: BMI, baseline diameter

P: None reported

Lin et al. (33) 89 healthy adults (57m:32 f)
(Taiwan); mean age = 59 y

E: Self-reported CVD, 
HTN,
DM, metabolic syndrome,
psychiatric illness,
cardioactive meds

SCL-90: Depression
(Chinese version)
(continuous) and
FMD: %Δ

No: p > .05; r = 0.04
SOE: 8; RQ: 4
Focus was hostility, and
FMD, but depression,
was included as a
covariateb

C: Smoke, sex, BP, 
glucose,
lipids, SCL-90b

P: None reported

Narita et al. 
(34)

46 healthy older adults
(27 men:19 postmenopausal
women) (Japan); mean
age = 61 y

E: Smoke, CVD/HTN, 
DM, high
cholesterol level, obese, 
meds,
psychiatric or neurological
illness, alcohol

CES-D/Zung Self-Rating
Depression (continuous)
and FMD: maximum %Δ

No: p > .05; r = 0.00
SOE: 7; RQ: 3
Anxiety was the primary
focus but included
Zung Self-Rating
and CES-D

C: None reported

P: None reported

Pizzi et al. (10) 415 adults (212m:203f), ≥2 CHD
risk factors: HTN, smoke, male,
age ≥60 y, family hx CHD age
<55 y, dyslipidemia (Italy);
mean age = 57 y

E: CHD, DM, 
antidepressants,
kidney/liver failure, 
systemic
inflammatory disease,
neoplasm

BDI ≥10 (n = 96) versus 
BDI
<10 (n = 319) (also BDI
continuous) and FMD:
maximum %Δ

Yes: BDI ↑ and FMD ↓,
p < .001; r = 0.33
SOE: 12/11 (BDI cut/
continuous); RQ: 3
Did not report avoidance
of smoking or exercise
before FMD testing

C: Age, sex, smoke, HTN

P: 12+ h fast, taper/avoid
CHD meds (48 h)

Schott et al. 
(35)

332 healthy older adults
(168men:164 postmenopausal
women) (United States);
mean age = 61 y

E: CVD, HTN, DM, major 
illness,
HTN/lipid meds

BDI (continuous) and
FMD: %Δ

No: p > .05; r = 0.00
SOE: 9; RQ: 3
Not significant in men
or women

C: Age, smoke BP, BMI,
HRT (women)

P: None reported

Sherwood et al. 
(36)

143 patients with CHD
(99m:44f) (United States);
mean age = 63 y

E: BP ≥ 200/120 mm Hg,
heart failure, valvular heart
disease, severe arrhythmia,

BDI ≥10 (n = 47) versus
BDI <10 (n = 96) and
FMD: maximum %Δ

Yes: BDI ≥10 and ↓ FMD,
p < .001; r = 0.21
SOE: 12; RQ: 3
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B. Depressive Symptoms and FMD

Reference Cohort

Confounders Excluded 
(E),
Controlled (C), and 
Avoided in
Pre-FMD Test 
Preparation (P)

Depression and FMD
(%Δ in Diameter)
Association Tested

Significant: Yes/No;
Effect Size (r) SOE; RQ;
and Comments

cardiomyopathy Did not report avoidance
of smoking exposure
before FMD testingC: Age, sex, baseline,

cardioactive/depression
meds (smokinga)

P: Fast overnight, 48 h 
taper
anti-ischemic meds

ANS = autonomic nervous system; BP = blood pressure; CAD = coronary artery disease; CES-D = Center for Epidemiological Studies–
Depression; CVD = cardiovascular disease; DM = diabetes mellitus; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition; FMD = flow-mediated dilation; HbA1c = hemoglobin A1c; HPA = hypothalamic-pituitary-adrenal axis; HRT = hormone replacement 

therapy; HTN = hypertension; hx = history; MDD = major depressive disorder; meds = medications; m/f = male/female; RQ = reporting quality; 
SCID = Structured Clinical Interview for DSM-IV; SOE = strength of evidence.

a
Depression and/or FMD did not vary by smoking status.

b
The Depression and Anxiety subscales of the Revised 90 Symptom Checklist (SCL-90) were analyzed as covariates.

BDI = Beck Depression Inventory; BMI = body mass index; BP = blood pressure; CES-D = Center for Epidemiological Studies–Depression; CHD 
= coronary heart disease; CVD = cardiovascular disease; DM = diabetes mellitus; FMD = flow-mediated dilation; HTN = hypertension; 
HRT=hormone replacement therapy; meds = medications; m/f = male/female; POMS = Profile of Mood States; RQ = reporting quality; retro/cross-
sect = retrospective/cross-sectional (mixed study); SOE = strength of evidence.
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TABLE 2

Heterogeneity of Methods in Studies of Depression and Flow-Mediated Dilation

Study Characteristics No. Studies

Depression measures (some studies used
multiple measures)

a. Major depression current diagnosis

b. Remitted major/clinical depression

c. Beck Depression Inventory

d. Profile of Mood States−Depression

e. Symptom Checklist (SCL-90)−Depression (Chinese version)

f. Center for Epidemiologic Studies−Depression

g. Zung Self-rating Depression Subscale

2

3

5

1

1

1

1

FMD values used in statistical analyses

a. % change in diameter from baseline (change score)

b. % change in diameter across time points (repeated measures)

c. Maximum % change in diameter from baseline (single change score)

6

1

5

Timing and no. postdeflation images during FMD testing

a. at 60 s

b. at 30 and 60 s

c. at 30, 45, and 60 s

d. at 60, 120, and 180 s

e. at 30, 60, 90, 120, 150, and 180 s

f. at 15, 30, 45, and 60 s; then every 30 s for 9 min

g. Continuous imaging between 10 and 120 s

h. Continuous imaging for between 0 and 90 s

1

2

1

1

3

1

2

1

Cuff pressure during FMD testing

a. 10 mm Hg > subjects’ systolic BP

b. 30 mm Hg > subjects’ systolic BP

c. 50 mm Hg > subjects’ systolic BP

d. 200 mm Hg: standard systolic BP

e. 300 mm Hg: standard systolic BP

f. Unspecified

2

3

1

3

1

2

Cuff inflation time

a. 3 min 30 s

b. 4 min

c. 4 min 30 s

d. 5 min

e. Unreported

1

2

1

7

1

Cuff position
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Study Characteristics No. Studies

a. Forearm

b. Upper arm

c. Wrist

d. Unreported

7

3

1

1

Nitroglycerin test reported

a. Yes

b. No

8

4

BP = blood pressure; FMD = flow-mediated dilation.
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