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a b s t r a c t

Purpose: The American Heart Association has identified seven modifiable cardiovascular health (CVH)
metrics, including four health behaviors (body mass index, smoking, physical activity, and dietary intake)
and three health factors (total cholesterol, blood pressure, and fasting glucose). We sought to examine
the association between CVH metrics and depression.
Methods: We analyzed data on 14,561 adults aged 20 years or older from the National Health and
Nutrition Examination Survey 2007e2014. Depressive symptoms were assessed using the Patient Health
Questionnaire; a score of 0e4, 5e9, and 10 or higher represented no or minimal, mild, moderate or
severe depressive symptoms, respectively. CVH was categorized as inadequate, average, or optimum. We
used multinomial logistic regression to assess the association between CVH and depression, adjusted for
age, gender, race or ethnicity, education, and alcohol use.
Results: Prevalence of inadequate, average, and optimum CVH were 6.1%, 59.7%, and 34.2%; 14.9% and
7.8% of adults had mild and moderate/severe depression, respectively. Compared with participants with
optimum CVH, prevalence ratios for moderate or severe depression were 4.39 (95% confidence interval,
3.32e5.80) and 2.64 (2.15e3.24) for those with inadequate and average CVH, respectively. The corre-
sponding prevalence ratios for mild depression were 2.11 (1.77e2.52) and 1.36 (1.19e1.55). The associ-
ation appeared to be stronger for CVH behaviors.
Conclusions: There was a graded association between CVH metrics, particularly for health behaviors, and
mild and moderate/severe depression among U.S. adults.

© 2018 Elsevier Inc. All rights reserved.
Despite the decline in death rates over the decades, cardiovas-
cular disease (CVD) remains the leading cause of death in the
United States, accounting for 30.8% (or 800,937) of all deaths in
2013 [1]. The total direct medical costs of CVD are projected to
increase to $918 billion by 2030 [1]. The substantial body of evi-
dence demonstrated that individuals with favorable levels of major
cardiovascular risk factors experienced significant reduced risk of
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ters for Disease Control and
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CVD incidence and mortality [2e11]. In the 2010 “Strategic Impact
Goal Through 2020 and Beyond,” the American Heart Association
(AHA) published recommendations focusing on improving cardio-
vascular health (CVH) of all Americans by 20% in addition to
reducing CVD and stroke mortality by 20% in the United States
[12,13]. A set of seven metrics (body mass index [BMI], smoking,
physical activity, dietary intake, total cholesterol, blood pressure,
and fasting glucose) that can be modified to lower cardiovascular
risk were identified and categorized into three levels (poor, inter-
mediate, and ideal health). Studies have shown that the presence of
a greater number of ideal CVHmetrics was associatedwith a graded
and significantly lower risk of CVD incidence [4] and mortality
[5,11,14].

Depression is one of the most common chronic condition in
general practice, involving more than 1 in 10 general patients [15].
It affects 311 million people worldwide [16]. Depression is a strong
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and independent risk factor for increased morbidity and mortality,
lower functional status, and worse quality of life as well as
increased costs [17e19]. A survey of 245,404 adults from 60
countries showed patients with comorbid depression had worse
overall health than those with asthma, diabetes, arthritis, or CVD
alone [20]. A few studies examined the association between CVH
status and depression [21,22], but none used nationally represen-
tative samples. The present study examined the association be-
tween CVH metrics and both mild and moderate/severe depressive
symptom overall and by selected subgroups (age, gender, race or
ethnicity, and education), using 2007e2014 National Health and
Nutrition Examination Survey (NHANES) data, the nationally
representative samples.
Subjects and methods

Study participants

NHANES uses a complex, stratified, multistage probability cluster
sampling, cross-sectional design to collect health and nutritional
data from a representative sample of the noninstitutionalized U.S.
population. The design and operation of NHANES have been
described previously [23]. For the present study, we used data from
the NHANES 2007e2014. From 21,030 participants aged 20 years or
older with reliable first 24-hour dietary recall, we sequentially
excluded 234 pregnant women, 1876 participants with missing CVH
metrics scores, 1072 participants with missing depression scores,
280 participants with BMI less than 18.5 kg/m2, and 20 participants
with missing value for covariates (11 for education and nine for
alcohol consumption). We also excluded 1704 participants with CVD
(myocardial infarction, congestive heart failure, and stroke) and 1303
Table 1
Distribution of ideal, intermediate and poor CVH for each metric for adults free of CVD,

Health metric AHA definitions of CVH for each metric

Smoking status
Ideal Never or quit >12 mo ago
Intermediate Former �12 mo
Poor Current smoking

Body mass index
Ideal <25 kg/m2

Intermediate 25e29 kg/m2

Poor �30 kg/m2

Physical activity
Ideal �150 min/wk moderate or �75 min/wk vigorous
Intermediate 1e149 min/wk moderate or 1e74 min /wk vigoro
Poor None

Healthy diet score*

Ideal 4e5 components
Intermediate 2e3 components
Poor 0e1 components

Total cholesterol
Ideal <200 mg/dLy

Intermediate 200e239 mg/dL or treated to goal
Poor �240 mg/dL

Blood pressure
Ideal SBP <120 or DBP <80 mm Hgy

Intermediate SBP 120e139 or DBP 80e89 mm Hg or treated to
Poor SBP �140 or DBP �90 mm Hg

Fasting plasma glucose
Ideal <100 mg/dLy

Intermediate 100e125 mg/dL or treated to goal
Poor �126 mg/dL

DBP ¼ diastolic blood pressure; SBP ¼ systolic blood pressure; SE ¼ standard error.
* AHA's healthy diet score includes five components: fruits and vegetables, whole grain,

adults meet the ideal healthy diet. HEI-2010 is a continuous score consisting of 12 comp
proteins, dairy, oils, sodium, and empty calories. HEI-2010 score ranges from 0 to 100 with
the diet quality in population. We used HEI-2010 as a proxy for AHA's healthy diet score

y Untreated values.
participants with cancer because these diseases are associated with
depression. The final analysis included 14,561 adults. Study protocols
for NHANES were approved by the National Center for Health Sta-
tistics Institutional Review Board. Signed informed consent was
obtained from all participants.
CVH metrics

CVHmetrics included four health behaviors (smoking, physical
activity, healthy dietary scores, and BMI) and three health factors
(total cholesterol, blood pressure, and fasting plasma glucose)
[13]. The definitions of ideal, intermediate, and poor CVH metrics
for adults are presented in Table 1. We used Healthy Eating Index
2010 (HEI-2010) scores as a proxy of healthy dietary scores, which
were calculated using first-day 24-hour dietary recall. HEI-2010
scores were based on a 12-component index: total fruit, whole
fruit, total vegetables, grains and beans, whole grains, dairy, total
protein foods, seafood and plant protein, fatty acid, refined grains,
sodium, and empty calories, with total scores ranging from 0 to
100 and a higher score indicating a healthier diet [24]. Participants
with an HEI-2010 score of 50 or less were assigned to poor health,
those with a score of 51e80 were assigned to intermediate health,
and those with a score of 81 or higher were assigned to ideal
health [5].

Fasting plasma glucose was available for 63.8% participants. To
maximize the sample size, we used hemoglobin A1c values less
than 5.7%, 5.7%e6.4% and 6.5% or higher as a proxy for fasting
plasma glucose levels less than 100 mg/dL, 100 to less than 126 mg/
dL, and 126 mg/dL or more, respectively, as recommended by
American Diabetes Association [25]. Participants who reported
having diabetes or being treated with insulin or oral medication to
NHANES 2007e2014

Total sample (n ¼ 14,561)

11,163
290

3108

4137
4964
5460

or �150 min/wk moderate þ vigorous 5084
us or 1e149 min/wk moderate þ vigorous 2257

7220

296
6812
7453

7311
5299
1951

6138
goal 3183

5240

9961
3256
1344

fish, sodium, and sugar-sweeten beverage, and a very small proportion (<0.5%) of U.S.
onents representing major food groups including fruit and vegetables, whole grains,
a higher score indicates a more healthy diet. HEI-2010 has been validated to represent
with ideal diet: HEI-2010 �81; intermediate diet: 51e80; and poor diet: �50.
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lower blood glucose and had HbA1c concentration 5.7%e6.4% were
categorized as intermediate health; similarly, participants who
reported taking cholesterol-lowering or antihypertensive medica-
tions and were treated to goal were categorized as “intermediate,”
whereas participants with these conditions who were untreated or
who were not treated to goal were categorized as “poor” for that
health factor. Use of antihypertensive, cholesterol-lowering, and
glucose-lowering medications were self-reported. Total cholesterol
and plasma glucose were measured with enzymatic method [23].
BMI was calculated as weight in kilograms divided by height in
meters squared. Mean blood pressure was estimated from up to
three readings, obtained under standard conditions during a single
physical examination.

Each CVH component was given a point score of 0, 1, or 2 to
represent poor, intermediate, or ideal health, respectively. Based on
the sum of all seven components, an overall score, ranging from0 to
14, was categorized as inadequate (0e4), average (5e9), or opti-
mum (10e14) CVH.

Depressive symptoms

Depressive symptoms were assessed using the Patient Health
Questionnaire (PHQ-9), a validated nine-item screening instrument
that asks about the frequency of depressive symptoms over the past
2 weeks [26]. Response categories of “not at all,” “several days,”
“more than half the day,” and “nearly every day” receive a score of
0e3, respectively. Total scores of PHQ-9 range from 0 to 27, with
higher scores indicating more severe depression. PHD-9 scores of
0e4, 5e9, 10e14, 15e19, and 20e27 represent no or minimal, mild,
moderate, moderately severe, and severe depressive symptom,
respectively. Our analyses combined moderate, moderately severe,
and severe depressive symptom for the stable estimate. The PHQ-9
scores of 10 or higher had a sensitivity of 88% and a specificity of
88% for major depression [26], a well-validated cut-point
commonly used in clinical studies that measure depression.

Covariates

Study covariates included age, sex, race or ethnicity (non-His-
panic white, non-Hispanic black, Mexican American, or others),
educational attainment (<12, 12, or >12 years), alcohol consump-
tion (0, <2, or �2 drinks daily for men and 0, <1, or �1 drinks daily
for women). Heavy use of alcohol was defined as two or more
drinks daily in men or one or more drinks daily in women.

Statistical analyses

Statistical analyses were performed using SUDAAN version 11
(RTI International) to take into account the complex sampling
design. Data on characteristics were expressed as means and 95%
confidence intervals (CI) for continuous variables or as percentages
and 95% CI for categorical variables and were compared across
depression categories. A t-test was used to compare among
depression severity groups for continuous variables. The c2 test was
used for categorical variables. We used multinomial logistic
regression to estimate the adjusted prevalence ratios (PRs) of mild
and moderate/severe depressive symptom comparing average or
inadequate CVH versus optimum CVH, adjusted for age, gender,
race/ethnicity, education, and alcohol use. We also estimated the
association between an individual component of CVH metrics and
depression as well as for four health behaviors and three health
factors separately. When assessing the role of individual compo-
nent, we adjusted for the presence or absence of the rest of the
components. As a sensitivity analysis, we examined the association
between CVH metrics and depression without excluding
participants with CVD and cancer, adjusted for age, gender, race/
ethnicity, education, alcohol use, and history of CVD and cancer. All
tests of statistical significance were two-tailed, and a probability
value less than .05 was considered significant.

Results

The mean age of 14,561 participants was 44.6 years. About half
of the participants were female, and 67% were non-Hispanic
whites. The prevalence of inadequate, average, and optimum CVH
was 6.1%, 59.7%, and 34.2%; 14.9% and 7.8% adults had mild and
moderate or severe depression, respectively. Only 2.4% of partici-
pants met the ideal diet criteria. The prevalence of participants
meeting the ideal level for the rest of CVH metrics were smoking,
78%; diabetes, 75%; total cholesterol, 50%; blood pressure, 45%;
physical activity, 40%; BMI, 30%.

Table 2 shows the baseline characteristics of participants by the
status of depressive symptoms.Women, non-Hispanic blacks, other
race or ethnicity group, and participants with less than high school
attainments were more likely to have self-reported depression. The
prevalence of mild or moderate or severe depressive symptomwas
significantly lower among non-Hispanic whites and among par-
ticipants with more than high school education. Ideal health be-
haviors, including normal weight, never smoking, healthy diet and
active physical activity, and ideal diabetes status, were significantly
associated with lower prevalence of mild or moderate/severe
depressive symptom, whereas blood pressure and total cholesterol
status were not.

Compared with those with available CVH metrics and depres-
sion scores, participants with missing CVH metrics and depression
scores were younger, more likely to bewomen, non-Hispanic blacks
or “other” race or ethnicity group, and have education less than
12 years (Supplemental Table 1).

Compared to participants with optimum CVH, the PRs for
moderate or severe depression were 4.39 (95% CI, 3.32e5.80) and
2.64 (2.15e3.24), respectively, for those with inadequate and
average CVH. The corresponding PRs for mild depression were 2.11
(1.77e2.52) and 1.36 (1.19e1.55; Table 3). Compared to participants
meeting 3e4 ideal health behaviors, the PRs for moderate or severe
depression were 4.97 (3.12e7.94) and 2.55 (1.54e4.22), respec-
tively, for those meeting 0e1 or 2 ideal health behaviors. The cor-
responding PRs were 1.80 (1.47e2.21) and 1.30 (1.04e1.61) for mild
depression. Ideal health factors were not associated with depres-
sive symptom (Table 3).

Figure 1 showed adjusted PRs (95% CI) for mild and moderate or
severe depressive symptoms by individual CVH component
comparing poor or intermediate to ideal health. In general, indi-
vidual health behaviors were associatedwithmoderate or severe or
mild depressive symptom, whereas individual health factors were
not except for diabetes status.

Table 4 presented the PRs of depression for inadequate and
average health compared with optimum health by subgroups. The
associations were largely consistent by age, gender, race or
ethnicity, and education subgroups.

In a sensitivity analysis, we included participants with CVD or
cancer, and results remained largely consistent with PRs excluding
participants with a history of CVD or cancer (Supplemental Tables 2
and 3).

Discussion

In this nationally representative sample of adults in the United
States, our analysis showed a strong and graded association be-
tween CVH metrics and both mild and moderate or severe
depressive symptoms among U.S. adults. Having fewer ideal CVH



Table 3
Adjusted prevalence ratios and 95% confidence intervals for mild and moderate or severe depression associated with CVH metrics, NHANES 2007e2014 (n ¼ 14,561)*,y

Health metrics Optimum CVH Average CVH Inadequate CVH

Moderate/severe depression 1.00 2.64 (2.15e3.24) 4.39 (3.32e5.80)
Mild depression 1.00 1.36 (1.19e1.55) 2.11 (1.76e2.52)
Number of health behaviors
Health behaviorz 3e4 2 0e1
Moderate/severe depression 1.00 2.55 (1.54e4.22) 4.97 (3.12e7.94)
Mild depression 1.00 1.30 (1.04e1.61) 1.80 (1.47e2.21)

Number of health factors
Health factorsx 3 2 0e1
Moderate/severe depression 1.00 1.27 (1.01e1.60) 1.17 (0.94e1.46)
Mild depression 1.00 1.01 (0.88e1.16) 1.17 (0.99e1.39)

* Optimum CVH: CVH metrics scores 10e14; Average CVH: CVH metrics scores 5e9; Inadequate CVH: CVH metrics scores 0e4.
y Adjusted by age, gender, race/ethnicity, education, and alcohol use.
z Health behaviors include body mass index, smoking, physical activity, and dietary intake.
x Health factors include total cholesterol, blood pressure, and fasting glucose.

Table 2
Characteristics of participants and CVH metrics by depression status, NHANES 2007e2014*

Characteristics Overall
(n ¼ 14,561)

No or minimal
depression
(n ¼ 11,142)

Mild
depression
(n ¼ 2178)

Moderate or
severe depression
(n ¼ 1241)

P value for trend

Age, y (mean, SE) 44.6 (0.31) 44.9 (0.33) 43.5 (0.57) 43.7 (0.60) .096
Female (%, SE) 50.4 (0.54) 48.2 (0.61) 55.9 (1.39) 62.1 (2.09) <.001
Race/ethnicity (%, SE)
Non-Hispanic whites 66.9 (1.85) 67.7 (1.84) 65.8 (2.23) 61.2 (2.95) .004
Non-Hispanic blacks 11.0 (0.87) 10.6 (0.82) 11.8 (1.25) 13.2 (1.42) .017
Mexican American 9.4 (1.00) 9.3 (1.00) 10.2 (1.16) 9.1 (1.38) .835
Other 12.7 (0.79) 12.4 (0.76) 12.2 (1.07) 16.5 (1.97) .020

Heavy use of alcohol (%, SE) 18.1 (0.61) 17.9 (0.67) 20.1 (1.33) 16.4 (1.57) .348
Education (%, SE), y
<12 16.4 (0.79) 14.6 (0.78) 19.9 (1.27) 27.4 (2.02) <.001
12 22.3 (0.79) 21.5 (0.73) 24.8 (1.72) 25.6 (1.98) .032
>12 61.3 (1.29) 63.9 (1.27) 55.3 (2.21) 47.0 (2.09) <.001

Body mass index risk (%, SE)
Ideal 29.9 (0.70) 31.1 (0.83) 25.8 (1.44) 26.2 (1.75) .016
Intermediate 34.4 (0.63) 35.3 (0.76) 32.9 (1.42) 27.9 (1.92) .001
Poor 35.8 (0.63) 33.7 (0.70) 41.3 (1.29) 45.9 (1.71) <.001

Smoking risk (%, SE)
Ideal 76.9 (0.74) 80.4 (0.67) 69.5 (1.60) 56.0 (2.20) <.001
Intermediate 2.2 (0.16) 2.1 (0.17) 2.5 (0.47) 2.8 (0.56) .176
Poor 21.0 (0.70) 17.5 (0.61) 28.0 (1.56) 41.2 (2.07) <.001

Physical activity risk (%, SE)
Ideal 39.7 (1.12) 43.2 (1.19) 31.3 (1.51) 20.8 (1.79) <.001
Intermediate 16.5 (0.47) 17.0 (0.48) 16.0 (1.41) 12.8 (0.98) <.001
Poor 43.8 (1.21) 39.8 (1.21) 52.7 (1.95) 66.3 (2.13) <.001

Dietary risk (%, SE)y

Ideal 2.4 (0.19) 2.6 (0.22) 1.7 (0.44) 1.1 (0.46) .006
Intermediate 47.6 (1.00) 49.5 (1.06) 44.6 (1.68) 34.1 (1.80) <.001
Poor 50.1 (1.03) 47.9 (1.08) 53.8 (1.73) 64.8 (1.83) <.001

Blood pressure risk (%, SE)
Ideal 44.8 (0.84) 44.9 (0.92) 43.9 (1.57) 45.5 (1.62) .744
Intermediate 41.7 (0.75) 41.7 (0.83) 41.9 (1.44) 41.6 (1.90) .931
Poor 13.5 (0.46) 13.4 (0.44) 14.2 (1.08) 13.0 (1.24) .725

Diabetes risk (%, SE)
Ideal 75.0 (0.45) 75.9 (0.53) 72.9 (1.27) 69.8 (1.99) .007
Intermediate 18.7 (0.42) 18.5 (0.53) 18.7 (1.20) 20.5 (1.72) .284
Poor 6.4 (0.22) 5.6 (0.25) 8.5 (0.73) 9.6 (1.00) <.001

Cholesterol risk (%, SE)
Ideal 49.9 (0.84) 50.6 (0.86) 47.4 (1.62) 47.7 (1.97) .143
Intermediate 36.3 (0.72) 36.3 (0.76) 35.7 (1.35) 37.9 (2.05) .443
Poor 13.9 (0.50) 13.2 (0.58) 16.9 (1.20) 14.4 (1.32) .481

HEI-2010 scores (mean, SE)y 50.5 (0.31) 51.3 (0.32) 48.7 (0.53) 45.8 (0.55) <.001
Mean scores of seven healthy

metrics (mean, SE)
3.18 (0.03) 3.29 (0.03) 2.92 (0.05) 2.67 (0.05) <.001

Overall CVH metrics (%, SE)
Inadequate (0e4) 12.3 (0.41) 10.5 (0.43) 17.3 (1.10) 20.7 (1.48) <.001
Average (5e9) 68.3 (0.66) 68.4 (0.74) 66.4 (1.26) 70.9 (1.78) .194
Optimum (10e14) 19.4 (0.76) 21.1 (0.84) 16.4 (1.17) 8.4 (0.93) <.001

* Mean and % are weighted.
y AHA's healthy diet score includes five components: fruits and vegetables, whole grain, fish, sodium, and sugar-sweeten beverage, and a very small proportion (<0.5%) of U.S.

adults meet the ideal healthy diet. HEI-2010 is a continuous score consisting of 12 components representing major food groups including fruit and vegetables, whole grains,
proteins, dairy, oils, sodium, and empty calories. HEI-2010 score ranges from 0 to 100 with a higher score indicates a more healthy diet. HEI-2010 has been validated to represent
the diet quality in population. We used HEI-2010 as a proxy for AHA healthy diet score with ideal diet: HEI-2010 �81; intermediate diet: 51e80; and poor diet: �50.

Z. Zhang et al. / Annals of Epidemiology 31 (2019) 49e5652



Fig. 1. Adjusted prevalence ratios (95% CI) of depressive symptoms by individual component of CVHMetrics, NHANES 2007-2014. Adjusted by age, gender, race/ethnicity, education,
and alcohol use. CVH ¼ cardiovascular health; NHANES ¼ National Health and Nutritional Examination Survey.
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metrics was associated with greater risk of having depressive
symptoms. The associations were consistent across various
subgroups.

Our results were consistent with several previous studies. In the
Aerobics Center Longitudinal Study, Espana-Romero et al. followed
5110 participants for a mean period of 6.1 years and reported that
ideal CVH, especially health behaviors, showed an inverse rela-
tionship with depressive symptoms [21]. However, most partici-
pants weremale (80%) and Caucasian, relatively well-educated, and
frommiddle to upper socioeconomic strata. A cross-sectional study
of 6851 Chinese adults suggested better CVH was associated with a
lower prevalence of depression, particularly among male and
younger Chinese persons [22]. Participants included in this study
were those with relatively high income and education. Other
studies suggested that the association might be bidirectional. The
Reasons for Geographic and Racial Differences in Stroke Study [27]
and Mathews et al. [28] have reported that people with depressive
symptoms were less likely to have optimal or adequate CVH.
The associations between depression and CVHmetrics appeared
to be stronger for the CVH behaviors (physical inactivity, smoking,
obesity, and diet) than health factors (cholesterol, diabetes, and
blood pressure). It could be that the relationship between depres-
sion and CVH behaviors is more immediate and more likely to be
captured in a cross-sectional survey such as NHANES compared
with the relationship between depression and health factors. For
example, an episode of major depression might immediately
impact a person's likelihood of engaging in physical activity (thus
leading to a stronger apparent association in a cross-sectional
study), whereas a potential effect on blood glucose could take
more time to develop (such as if a person experiencing depression
skips a primary care appointment and thus does not have a
renewed prescription for glucose-lowering medication when
needed, months later). Also, it should be noted that bidirectional
relationships between CVH metrics and depression are possible.
Depression may lead to poorer CVH metrics, and also poor CVH
metrics (such as inadequate physical activity or existing chronic



Table 4
Adjusted prevalence ratios and 95% confidence intervals for mild and moderate/severe depression associated with CVH metrics by selected subgroups, NHANES 2007e2014*

Characteristics Ideal CVH Intermediate CVH Poor CVH

Age
20e44 y (n ¼ 7077)
Moderate/severe depression 1.00 2.85 (2.21e3.67) 4.58 (3.13e6.69)
Mild depression 1.00 1.24 (1.07e1.45) 2.00 (1.50e2.67)

45e64 y (n ¼ 5147)
Moderate/severe depression 1.00 2.12 (1.30e3.46) 3.58 (2.06e5.20)
Mild depression 1.00 1.54 (1.11e2.14) 2.43 (1.67e3.52)

�65 y (n ¼ 2337)
Moderate/severe depression 1.00 2.08 (0.83e5.20) 2.57 (0.85e7.76)
Mild depression 1.00 1.98 (1.13e3.48) 2.45 (1.18e5.10)

Gender
Male (n ¼ 7250)
Moderate/severe depression 1.00 2.38 (1.58e3.59) 2.61 (1.61e4.20)
Mild depression 1.00 1.32 (1.06e1.64) 2.02 (1.47e2.76)

Female (n ¼ 7311)
Moderate/severe depression 1.00 2.75 (2.12e3.58) 5.53 (3.90e7.84)
Mild depression 1.00 1.38 (1.19e1.59) 2.17 (1.70e2.77)

Race/ethnicity
NHW (n ¼ 6218)
Moderate/severe depression 1.00 2.93 (2.09e4.11) 4.15 (2.57e6.71)
Mild depression 1.00 1.40 (1.19e1.64) 2.52 (2.08e3.05)

NHB (n ¼ 2966)
Moderate/severe depression 1.00 1.46 (1.06e2.00) 3.36 (2.18e5.16)
Mild depression 1.00 1.26 (0.94e1.70) 1.51 (.3e2.21)

MA (n ¼ 2425)
Moderate/severe depression 1.00 2.49 (1.34e4.62) 3.89 (1.95e7.76)
Mild depression 1.00 0.97 (0.70e1.34) 1.04 (0.65e1.67)

Other (n ¼ 2952)
Moderate/severe depression 1.00 2.60 (1.82e3.71) 5.18 (3.19e8.41)
Mild depression 1.00 1.52 (1.09e2.12) 1.88 (1.06e3.31)

Education
<12 y (n ¼ 3548)
Moderate/severe depression 1.00 2.10 (1.54e2.87) 2.78 (1.91e4.06)
Mild depression 1.00 1.23 (0.83e1.84) 1.87 (1.13e3.09)

12 y (n ¼ 3294)
Moderate/severe depression 1.00 1.94 (1.08e3.51) 3.67 (1.82e7.40)
Mild depression 1.00 1.19 (0.86e1.63) 1.98 (1.33e2.94)

>12 y (n ¼ 7719)
Moderate/severe depression 1.00 3.09 (2.33e4.09) 5.72 (3.56e9.19)
Mild depression 1.00 1.44 (1.20e1.72) 2.14 (1.69e2.72)

* Adjusted by age, gender, race/ethnicity, education, and alcohol use.
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conditions such as hypertension or diabetes) may lead to depres-
sion. For example, evidence suggests that having depression may
increase the risk of developing diabetes, and having diabetes may
increase the risk of developing depression, perhaps pertaining to
increased stress and financial burden associated with having a
chronic condition [29,30].

Many prior studies have examined associations between indi-
vidual CVH behaviors and depression. Studies have consistently
reported that physical activity has an inverse association with
depressive symptom [31e33]. Physical activity likely produces en-
dorphins (the chemicals in the brain that act as natural painkillers)
and also improves the ability to sleep, which, in turn, reduces stress
and depressive symptoms [34,35]. Many studies have found an
association between cigarette smoking and depression, with results
replicated in adolescents, adults, and the elderly [36,37]. Nicotine
might damage certain pathways in the brain that regulate mood
and might trigger mood swings. Nicotine's influence on neuro-
transmission pathways implicated in affective disorders provides a
potential mechanism for such a relationship [38e40]. Studies have
also suggested that obesity may have a direct relationship with
depressive symptoms [41]. Putative mechanisms involve behav-
ioral, physiologic, and genetic pathways, as well as iatrogenic ef-
fects of medications [42]. Nutrition factors have been found to be
associated with depression symptoms; for example, Mediterranean
diets might confer protection against the development of depres-
sion [43]. Consistent with the findings of previous studies, our
results suggested that individual health behaviors appeared to have
a stronger association with depressive symptoms in this nationally
representative sample.

Few studies have examined the relationship between biological
health factors and depressive symptoms. A meta-analysis showed a
negative correlation between total cholesterol and depression [44].
Our study demonstrated this association for mild, but not for
moderate or severe depression. Our study found the relationship
between poor diabetes health and depression, which is consistent
with the findings by Marano et al. [45]. However, other studies did
not find associations between total cholesterol or fasting glucose
and depression [21,22]. For the association between blood pressure
and depression, several studies showed low or ideal blood pressure
was associated with psychological or depressive symptoms
[22,46,47]. A proposed mechanism for this relationship is that
neurons that control blood pressure by releasing neuropeptide Y
might both lower blood pressure and induce anxiety [48].

To our knowledge, this is the first study to assess the association
between CVH metrics and depressive symptoms in a large na-
tionally representative sample of U.S. adults. In addition, we were
able to conduct a detailed assessment of depression and seven CVH
metrics and control for several important confounding variables
using NHANES data.

Our study has several limitations. First, HEI-2010 was from the
first-day 24-hour dietary recall, whichmight not reflect individuals'
usual dietary intakes. A previous validation study using 24-hour
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dietary recalls suggested that energy intake may be under-
estimated by as much as 11% [49]. Second, severely depressed
persons may have disproportionately chosen not to participate in
the survey or health examination, which included administration of
the PHQ-9; therefore, the prevalence estimates in our study may
underestimate the actual prevalence of depression. In addition,
participants being successfully treated for depression would not be
identified as having depression by the PHQ-9. Third, PHQ-9ebased
depressive symptoms, rather than clinical depression, can be highly
variable. There could be differences in interpreting and answering
the questions, especially for participants with different back-
grounds and beliefs. However, PHQ-9 scores of 10 or higher have a
sensitivity of 88% and a specificity of 88% for major depression [26].
Fourth, we cannot fully exclude potential effects of unmeasured
confounding factors, such as anxiety disorder, general- and work-
related stress, and so on, and the association between CVH and
depression could be overestimated in our analysis. Fifth, smoking,
physical activity, diet, and alcohol use were self-reported and
subject to misclassification and recall biases. The association be-
tween CVH and depression might be over- or under-estimated due
to the misclassification and recall biases of the self-reported vari-
ables. Sixth, we used HbA1c as a proxy of fasting glucose, which
might misclassify the status of diabetes for some participants. Also,
we used HEI-2010 as a proxy for the AHA’s healthy diet score. It is
not clear how accurately the HEI-2010 healthy diet classification
compared with the AHA five-component healthy diet score. How-
ever, a prior study suggested that the HEI-2010 can reliably detect
the meaningful differences in diet quality in a population [50].
Furthermore, participants with missing CVH metrics and depres-
sion scores were younger, more likely to be women, non-Hispanic
blacks or “other” race or ethnicity group, and have education less
than 12 years. The association between CVH and depression could
be biased due to the missing CVH metrics and depression scores.
Finally, our study was cross-sectional; thus, the associations be-
tween CVH and depression cannot be interpreted as directly causal.

In conclusion, depression is common among U.S. adults and
might be an independent risk factor for CVD. Our results suggested
that there was a graded association between CVH metrics, partic-
ularly for the health behaviors, and both mild and moderate or
severe depressive symptoms among U.S. adults. Our analyses
extend the findings from previous studies by comprehensively
assessing this relationship in a large, diverse, and nationally
representative sample. Given the relationship between CVH and
depression, public health efforts to achieve the AHA 2020 goals of
improving CVH by 20% by 2020 might be supported by efforts to
reduce the prevalence of depression.
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Supplemental Table 1
Comparison of characteristics among participants with and without missing CVH metrics and depression scores, NHANES 2007e2014

Characteristics Overall (n ¼ 17,131) CVH metrics or depression score P value

Missing (n ¼ 2570) Not missing (n ¼ 14,561)

Age, y (mean, SE) 44.4 (0.30) 43.2 (0.52) 44.6 (0.31) .012
Female (%, SE) 51.2 (0.52) 56.3 (1.31) 50.4 (0.54) <.001
Race/ethnicity (%, SE)
Non-Hispanic whites 66.6 (1.85) 56.7 (2.27) 66.9 (1.85) <.001
Non-Hispanic blacks 11.8 (0.91) 17.2 (1.36) 11.0 (0.87) <.001
Mexican American 9.4 (0.98) 9.1 (1.20) 9.4 (1.00) .732
Other 13.3 (0.70) 17.1 (0.86) 12.7 (0.79) <.001

Heavy use of alcohol (%, SE) 9.6 (0.39) 11.2 (1.28) 9.5 (0.39) .194
Education (%, SE)
<12 y 17.1 (0.78) 21.9 (1.32) 16.4 (0.79) <.001
12 y 22.7 (0.71) 24.9 (1.18) 22.3 (0.79) .065
>12 y 60.2 (1.21) 53.2 (1.67) 61.3 (1.29) <.001

Supplemental Table 2
Adjusted prevalence ratios and 95% confidence intervals for mild and moderate/severe depression associated with CVH metrics including participants with history of CVD
and cancer, NHANES 2007e2014 (n ¼ 17,512) *,y

Health metrics Optimum CVH Average CVH Inadequate CVH

Moderate/severe depression 1.00 2.46 (2.03e2.98) 4.55 (3.57e5.81)
Mild depression 1.00 1.37 (1.21e1.56) 1.95 (1.66e2.38)
Number of health behaviors
Health behaviorsz 3e4 2 0e1
Moderate/severe depression 1.00 2.54 (1.54e4.21) 4.96 (3.11e7.91)
Mild depression 1.00 1.29 (1.04e1.61) 1.80 (1.46e2.61)

Number of health factors
Health factorsx 3 2 0e1
Moderate/severe depression 1.00 1.28 (1.01e1.61) 1.17 (0.94e1.46)
Mild depression 1.00 1.01 (0.89e1.15) 1.17 (0.99e1.39)

* Optimum CVH: CVH metrics scores 10e14; Average CVH: CVH metrics scores 5e9; Inadequate CVH: CV health metrics scores 0e4.
y Adjusted for age, gender, race/ethnicity, education, alcohol use, and history of CVD and cancer.
z Health behaviors include body mass index, smoking, physical activity, and dietary intake.
x Health factors include total cholesterol, blood pressure and fasting glucose.
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Supplemental Table 3
Adjusted prevalence ratios and 95% confidence intervals for mild and moderate/severe depression associated with CVHmetrics including participants with history of CVD and
cancer, by selected subgroups, NHANES 2007e2014 (n ¼ 17,512)*,y

Characteristics Ideal CVH Intermediate CVH Poor CVH

Age
20e44 y (n ¼ 7338)
Moderate/severe depression 1.00 2.77 (2.19e3.51) 4.64 (3.34e6.44)
Mild depression 1.00 1.24 (1.06e1.44) 1.85 (1.38e2.48)

45e64 y (n ¼ 6156)
Moderate/severe depression 1.00 1.76 (1.18e2.61) 3.14 (2.05e4.80)
Mild depression 1.00 1.70 (1.24e2.32) 2.70 (1.89e3.85)

�65 y (n ¼ 4018)
Moderate/severe depression 1.00 1.86 (0.93e3.74) 3.23 (1.51e6.89)
Mild depression 1.00 1.47 (1.12e1.93) 1.41 (0.91e2.20)

Gender
Male (n ¼ 8813)
Moderate/severe depression 1.00 2.15 (1.49e3.12) 3.11 (2.10e4.61)
Mild depression 1.00 1.33 (1.09e1.63) 1.87 (1.43e2.45)

Female (n ¼ 8699)
Moderate/severe depression 1.00 2.64 (2.08e3.35) 5.55 (4.09e7.54)
Mild depression 1.00 1.38 (1.19e1.60) 1.98 (1.57e2.51)

Race/ethnicity
Non-Hispanic whites (n ¼ 8109)
Moderate/severe depression 1.00 2.53 (1.87e3.41) 4.49 (3.09e6.54)
Mild depression 1.00 1.41 (1.22e1.63) 2.29 (1.92e2.73)

Non-Hispanic blacks (n ¼ 3484)
Moderate/severe depression 1.00 1.35 (1.01e1.81) 2.76 (1.92e3.97)
Mild depression 1.00 1.31 (0.99e1.73) 1.41 (0.99e1.99)

Mexican Americans (n ¼ 2651)
Moderate/severe depression 1.00 3.09 (1.72e5.53) 4.61 (2.33e9.12)
Mild depression 1.00 0.96 (0.69e1.32) 1.03 (0.66e1.59)

Other (n ¼ 3268)
Moderate/severe depression 1.00 2.73 (1.93e3.86) 5.47 (3.48e8.60)
Mild depression 1.00 1.53 (1.10e2.13) 1.60 (0.91e2.81)

Education
<12 y (n ¼ 4316)
Moderate/severe depression 1.00 2.22 (1.58e3.14) 3.67 (2.56e5.27)
Mild depression 1.00 1.15 (0.79e1.66) 1.52 (0.95e2.43)

12 y (n ¼ 4005)
Moderate/severe depression 1.00 1.84 (1.09e3.10) 3.28 (1.76e6.11)
Mild depression 1.00 1.20 (0.90e1.60) 1.91 (1.34e2.72)

>12 y (n ¼ 9191)
Moderate/severe depression 1.00 2.79 (2.79e3.62) 5.71 (3.91e8.34)
Mild depression 1.00 1.48 (1.25e1.76) 2.02 (1.66e2.52)

* Optimum CVH: CVH metrics scores 10e14; Average CVH: CVH metrics scores 5e9; Inadequate CVH: CV health metrics scores 0e4.
y Adjusted for age, gender, race/ethnicity, education, alcohol use, and history of CVD and cancer.
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