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ABSTRACT

BACKGROUND The American Heart Association's Life's Essential 8 (LE8) Presidential Advisory deemed psychological
health foundational for cardiovascular health (CVH) but did not include it as a CVH metric.

OBJECTIVES The purpose of this study was to evaluate associations of a CVH construct enhanced with a ninth metric
for psychological health based on readily administered depression screening with mortality risk in U.S. adults.

METHODS Participants were 21,183 adults (mean age: 48y, 51% female, 11% Black, 15% Hispanic, 65% White) from the
2011 to 2018 National Health and Nutrition Examination Survey. The LE8 algorithm was used to assess CVH.

Two enhanced CVH constructs that include a ninth psychological health metric based on depression screening using the
Patient Health Questionnaires (PHQ-2 and PHQ-9) were computed. Multivariable Cox proportional hazards models
compared all-cause and cause-specific mortality risk across CVH score tertiles and a priori defined categories (high:
80-100, moderate: 50-79, low: 0-49) in the overall sample and by sex and race and ethnicity.

RESULTS There were 1,397 deaths (414 cardiovascular and 329 cancer deaths). High vs low CVH scores, enhanced with
PHQ-2 and PHQ-9, were associated with 69% and 70% lower mortality risk, while a high vs low LE8 score was associated
with 65% lower risk (p-trend<0.001). Higher LE8 and enhanced CVH scores predicted lower mortality risk in both sexes
and in Black and White but not Hispanic adults and were also associated with lower cardiovascular and cancer mortality.
Both enhanced CVH scores had excellent performance for predicting mortality, similar to the LE8 score

(C-statistic = 0.843 vs 0.842, P < 0.001).

CONCLUSIONS A CVH construct enhanced with psychological health strongly predicts mortality. Inclusion of
psychological health as a ninth CVH metric, with depression screening as a feasible proxy in clinical and public health
settings, should be considered. (JACC Adv. 2024;3:101112) © 2024 The Authors. Published by Elsevier on behalf of
the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS
AND ACRONYMS

AHA = American Heart
Association

AUC = area under the curve

BMI = body mass index

BP = blood pressure

CVD = cardiovascular disease
CVH = cardiovascular health
HDL = high-density lipoprotein

LES = Life's Essential 8

LS7 = Life's Simple 7

NHANES = National Health and
Nutrition Examination Survey

PA = physical activity

PHQ = Patient Health
Questionnaire

espite remarkable advances in life

expectancy over the past century,

progress in the United States has
stalled in the past decade.'> Cardiovascular
disease (CVD) and cancer persist as the lead-
ing causes of mortality with CVD deaths
currently rising, highlighting the need for im-
mediate aon through targeted primordial
prevention efforts.®* In 2010, the American
Heart Association (AHA) introduced Life’s
Simple 7 (LS7), a cardiovascular health
(CVH) construct that included 7 modifiable
health factors and behaviors linked to lower
CVD risk and healthy longevity when
optimal.® In 2022, the AHA redefined CVH as
Life’s Essential 8 (LE8) by adding sleep as
an eighth metric and updating definitions
and quantification of the original metrics to
better capture their entire spectrum, enhance sensi-

tivity to intraindividual and interindividual differ-
ences, and optimize utility of the CVH construct for
predicting various outcomes, including mortality.®
Using the original LS7 framework, strong inverse as-
sociations were documented between ideal overall
CVH or having a greater number of ideal CVH metrics
and lower risk for mortality with evidence of a dose-
response relationship.”’” Since the publication of
the updated LE8 guidelines in 2022, a more favorable
LE8 score has now also been linked to reduced mor-
tality and longer healthspan."

In their Presidential Advisory on Life’s Essential 8,
the AHA also deemed psychological health and well-
being as foundational for CVH preservation but did
not include it as a formal CVH metric.° Positive
mental states such as optimism or having a sense of
purpose have been linked to more favorable CVH,'*
while depression and poor mental health are risk
factors for suboptimal CVH and CVD.'>'® In addition,
the presence of depression, even mild depressive
symptoms, has been linked to greater risk of mortality
in diverse populations and settings.">'” To determine
whether the inclusion of a ninth metric for psycho-
logical health enhances the predictive value of the
LE8 score over and above the original 8 metrics, we
investigated the association of a novel CVH score,
consisting of the LE8 plus a measure for psychological
health and wellbeing based on validated and feasible
depression screening, with all-cause mortality (pri-
mary outcome) and cardiovascular and cancer mor-
tality (secondary outcomes) in a nationally
representative cohort of U.S. adults from the National
Health and Nutrition Examination Survey (NHANES).
In exploratory analyses, we examined potential
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differences in these associations by sex and by race
and ethnicity.

METHODS

STUDY POPULATION. Participants were 21,183
adults, aged 20 to 79 years, from the 2011 to 2012, 2013
to 2014, 2015 to 2016, or 2017 to 2018 NHANES.
NHANES data and guidance on analytical approaches
are publicly and freely available from the U.S. Centers
for Disease Control and Prevention’s National
Center for Health Statistics."®* NHANES uses a com-
plex, multistage probability sampling design to select
a sample representative of the civilian, noninstitu-
tionalized U.S. population.'’® Participants complete a
home interview and mobile examination to provide
sociodemographic, lifestyle, psychological status,
anthropometric, and physiologic data. NHANES is
approved by the National Center for Health Statistics
Research Ethics Review Board. Participants provided
written informed consent. This research is deemed
exempt by the Columbia University Irving Medical
Center Institutional Review Board given the deiden-
tified nature of the data.

The total combined sample of 2011-2018 NHANES
was comprised of 39,156 participants. For the present
analysis, we excluded individuals aged <20 years,
those who were pregnant or breastfeeding at the time
of examination (due to CVH metrics not being repre-
sentative of habitual health behaviors and factors),
and those who were missing key data for addressing
the research question. Our final analytic data set was
comprised of 21,183 adults. A flowchart outlining the
detailed application of the inclusion and exclusion
criteria to create the analytic sample is shown in
Supplemental Figure 1. We leveraged all available
data for our analyses, excluding individuals only if
relevant variables were missing for that particular
analysis. For the main analysis assessing the rela-
tionship between the overall CVH score and all-cause
mortality, we excluded participants who had incom-
plete data on any CVH component. However, for an-
alyses investigating the individual CVH component
scores in relation to mortality, we used data from all
participants who had available data for that metric to
maximize sample size. Individuals self-identifying as
Asian and multiracial were included in all analyses
except for those stratified by race and ethnicity given
the limited sample size of these groups.

ASSESSMENT OF LIFE’S ESSENTIAL 8 CARDIOVASCULAR
HEALTH METRICS. Adherence to a DASH (Dietary Ap-
proaches to Stop Hypertension)-style eating pattern
was assessed from 24-hour dietary recalls.'® Physical
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activity (PA), nicotine exposure, and sleep duration
were self-reported during the home interview. To
estimate minutes per week of moderate (or greater)
PA, data on the frequency and duration of recrea-
tional PA, such as exercise, sports, and physically
active hobbies, at either a vigorous or a moderate
level were used. Smoking status was ascertained
using information regarding current smoking habits,
lifetime smoking habits, and years since quitting as
well as exposure to secondhand smoke for all per-
sons living in the household, which was reported on
the family household questionnaire. Sleep health
was defined by average sleep duration, which was
computed from the number of hours that partici-
pants reported they usually sleep on weekdays
and weekends.

At the mobile examination visit, anthropometric
measures were obtained and used to calculate body
mass index (BMI). Blood samples were obtained and
sent to central laboratories for the measurement of
non-high-density lipoprotein (HDL) cholesterol,
blood glucose, and hemoglobin Ailc. In addition,
blood pressure (BP) was measured after the partici-
pant had rested for 5 minutes. For participants with
3 measurements, the first reading was excluded
and the second and third readings were averaged.
Otherwise, the available reading was taken as the
final BP record. Use of cholesterol, glucose, or BP
medication usage was assessed during the home
interview.

MEASUREMENT OF DEPRESSION FOR PSYCHOLOGICAL
HEALTH METRIC. Psychological health and well-being
is multidimensional.?®?* In NHANES, the Patient
Health Questionnaire (PHQ) depression screener is
the most reliable screening instrument for psycho-
logical health that has been consistently used across
many cycles of this survey enabling the potential
characterization as a CVH metric.”” It is a self-
administered depression screening tool which con-
sists of 9 questions inquiring about the frequency of
depression symptoms over the past 2 weeks?**° such
that 0 to 4 points is defined as none/minimal
depression, 5 to 9 points is mild, 10 to 14 points is
moderate, 15 to 19 is moderately severe, and 20 to 27
points is considered severe depression.>>?® Tradi-
tionally, if a patient scores at least 10 points on the
PHQ-9, they have a probable case of depression and
should be evaluated further by a mental health care
professional.”® The PHQ-2 is a shortened version of
PHQ-9, using only the first 2 questions to assess
depression status.”®>?” Since PHQ-2 only has 2 ques-
tions, 0 points were defined as none/minimal
depression, 1 to 2 points as mild, 3 points as
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moderate, 4 to 5 points as moderate/severe, and 6
points as severe depression. The advantage of the
PHQ-2 is that it is a validated, readily administered,
and low burden tool with broad application potential
in public health and clinical settings.***”

QUANTIFICATION OF CARDIOVASCULAR HEALTH.
CVH was defined and operationalized using the LE8
scoring algorithm, as described in the 2022 AHA
Presidential Advisory and the accompanying publi-
cation on CVH status using NHANES.®?? Briefly, par-
ticipants received a score between 0 and 100 for each
CVH metric. For the new psychological health
component, participants received 100 points for
none/minimal depression, 80 for mild, 40 for mod-
erate, 20 for moderately severe, and 0 points for se-
vere depression symptoms. The LE8 score and the
enhanced CVH scores (enhanced CVH score 1 with
PHQ-2 and enhanced CVH score 2 with PHQ-9) were
then computed by averaging the scores of their 8 and
9 component scores, respectively. Scores ranged from
0 to 100 with higher scores representing more favor-
able CVH. We considered CVH scores of 80 to 100, 50
to 79, and 0 to 49 to be indicative of high, moderate,
and low CVH, respectively.® A detailed description of
the definitions, data collection methods, and scoring
algorithm for each of the CVH metrics is shown in
Supplemental Table 1.

MORTALITY STATUS. The National Death Index was
used to determine mortality status through December
31, 2019.® The International Classification of Dis-
eases-10th revision (ICD-10) codes were used to
identify cardiovascular and cancer deaths.

ASSESSMENT OF COVARIATES. Sociodemographic
characteristics including age, sex, race and ethnicity,
marital status, education level, and family income
were queried during the home interview. For self-
reported race and ethnicity, Mexican American and
other Hispanic were merged into a single Hispan-
ic category.

STATISTICAL ANALYSIS. NHANES analytical guide-
lines for combining data across cycles and accounting
for the complex multistage sampling design were
followed.'® The Kaplan-Meier method and Cox pro-
portional hazards regression analysis were used to
evaluate the LE8 score, the enhanced CVH scores
(with PHQ-2 and PHQ-9), and their component scores
in relation to all-cause, cardiovascular, and cancer
mortality. Proportionality assumptions were assessed
using Schoenfeld residuals and were met. For the
overall CVH scores, we evaluated the predefined
categories (low, moderate, high) and tertiles in rela-
tion to outcomes. For CVH component scores, tertiles
were evaluated in relation to outcomes, except for
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TABLE 1 Characteristics of the Analytic Sample and by Enhanced Cardiovascular Health Score Categories®®

Overall Sample With Low Enhanced Moderate Enhanced High Enhanced
Complete Data for Enhanced CVH Score CVH Score CVH Score
CVH Score (Using PHQ-2) (Using PHQ-2) (Using PHQ-2) (Using PHQ-2)
(n = 14,041, Weighted to (n = 1,908, Weighted to (n = 9,494, Weighted to (n = 2,639, Weighted to

194,073,616 Adults)

21,270,791 Adults)

125,271,934)

47,530,892)

Age, y
Age strata (%)
20-29y
30-39y
40-49y
50-59y
60-69 y
70+y
Sex (%)
Male
Female
Self-reported race and ethnicity (%)
Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Other race, including multiracial
Marital status (%)
Single/widowed/divorced
Married/living with partner
Education (%)
High school/GED and below
Some college and above
Health insurance status (%)
No
Yes
Family income (%)
=$45,000
<$45,000

Probable case of depression based on PHQ-2 (%)

Probable case
Not a probable case

Probable case of depression based on PHQ-9 (%)

Probable case

Not a probable case
Cardiovascular health metrics

Total CVH score

Psychological health score (PHQ-2)

Diet

Physical activity

Nicotine use

Sleep health

BMI

Blood lipids

Blood glucose

Blood pressure

48.2 (47.5-48.9)

18.3 (35,478,718)
16.9 (32,838,783)
16.6 (32,154,068)
20.1(39,085,803)
15.3 (29,615,285)
12.8 (24,900,960)

49.8 (96,715,714)
50.2 (97,357,903)

14.7 (28,494,725)
66.2 (128,496,835)
10.4 (20,197,136)
5.2 (10,186,784)
3.5 (6,698,136)

37.0 (71,837,183)
63.0 (122,228,853)

34.9 (67,742,015)
65.1 (126,326,029)

15.8 (30,580,609)
84.2 (163,360,997)

57.2 (111,082,490)
39.2 (76,158,816)

8.9 (19,334,328)
91.1 (197,891,992)

8.5 (18,388,770)
91.5 (198,541,535)

68.5 (67.8-69.2)
88.8 (88.1-89.5)
42.0 (40.5-43.5)
50.4 (48.5-52.3)
70.9 (69.6-72.2)
83.7 (82.9-84.4)
58.3 (57.1-59.4)
65.5 (64.5-66.5)
83.6 (82.9-84.2)
70.1(69.3-70.9)

52.7 (51.6-53.8)

6.1 (1,292,380)
13.9 (2,955,550)
16.7 (3,541,969)
31.7 (6,740,512)
20.4 (4,337,756)
1.3 (2,402,623)

52.0 (11,063,887)
48.0 (10,206,904)

12.7 (2,704,573)

63.3 (13,457,890)

16.8 (3,574,705)
1.8 (383,756)
5.4 (1,149,867)

43.5 (9,261,856)
56.5 (12,008,935)

57.4 (12,208,356)
42.6 (9,062,435)

21.3 (4,520,945)
78.7 (16,749,846)

37.8 (8,040,954)
59.3 (12,612,982)

34.1(7,261,724)
65.9 (14,009,067)

29.1 (6,184,670)
70.6 (15,021,464)

42.5 (42.0-42.9)
68.2 (65.6-70.8)
20.5 (18.3-22.7)
7.0 (5.3-8.8)
35.6 (32.2-39.0)
65.9 (63.4-68.4)
31.7 (29.7-33.7)
44.7 (41.6-47.8)
60.7 (58.6-62.7)
47.8 (45.4-50.1)

49.6 (48.9-50.4)

16.6 (20,757,280)
15.5 (19,467,178)
16.5 (20,619,666)
19.9 (24,875,436)
16.4 (20,592,164)
15.1 (18,960,210)

52.1(65,265,077)
47.9 (60,006,857)

16.0 (19,992,797)
64.3 (80,572,679)
11.3 (14,119,101)
5.0 (6,287,483)
3.4 (4,299,873)

37.0 (46,393,449)
63.0 (78,870,904)

38.3 (47,944,737)
61.7 (77,321,625)

16.6 (20,838,778)
83.3 (104,324,486)

55.5 (69,535,343)
40.8 (51,159,071)

7.1(8,898,981)
92.9 (116,372,952)

7.4 (9,257,904)
92.5 (115,850,759)

65.8 (65.6-66.1)
90.1(89.5-90.7)
37.8 (36.4-39.1)
44.6 (42.8-46.4)
68.9 (67.5-70.3)
83.9 (83.1-84.6)
54.1 (52.8-55.4)
63.1(61.9-64.3)
83.0 (82.1-83.8)
67.0 (65.8-68.1)

42.4 (41.1-43.7)

28.3 (13,429,058)
21.9 (10,416,055)
16.8 (7,992,434)
15.7 (7,469,855)
9.9 (4,685,364)
7.4 (3,538,126)

42.9 (20,386,750)
57.1 (27,144,142)

12.2 (5,797,355)
72.5 (34,466,266)
5.3 (2,503,330)
7.4 (3,515,545)
2.6 (1,248,396)

34.0 (16,181,877)
66.0 (31,349,015)

16.0 (7,588,923)
84.0 (39,941,969)

11.0 (5,220,885)
89.0 (42,286,665)

70.5 (33,506,192)
26.1(12,386,763)

1.9 (896,574)
98.1 (46,634,318)

1.8 (831,903)
98.2 (46,659,219)

87.0 (86.7-87.4)
95.3 (94.6-95.9)
63.6 (61.6-65.6)
90.1(88.5-91.7)
91.6 (90.2-93.0)
92.7 (91.9-93.5)
82.1(80.7-83.5)
81.9 (80.2-83.6)
96.8 (96.1-97.6)
89.0 (87.8-90.3)

Values are mean (95% Cl) or % (n). *Descriptive characteristics are shown for participants included in the main analysis of investigating the overall CVH scores (LE8 or enhanced CVH scores with PHQ-2 and
PHQ-9) in relation to mortality outcomes, excluding participants with missing data for any of the CVH components. °NHANES data from 2011 to 2018 cycles were combined. Sample weights were constructed
consistent with NHANES analytical guidelines for combining data across cycles and were used to estimate the number of individuals in the U.S. population overall and in each group. Sample weights and
design were incorporated in calculating prevalence estimates and standard errors using standard survey procedures. Characteristics of the sample with weighted population numbers are presented. Estimates
shown in this table are for participants with complete data for all CVH metrics.

BMI = body mass index; CVH = cardiovascular health; GED = General Education Development; PHQ = Patient Health Questionnaire.
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(0.40-0.68) 0.35
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P trend = 0.019 P trend = 0.034
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:

HR (95% CI)
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All-Cause Mortality CVD Mortality Cancer Mortality
P trend <0.001 P trend = 0.009 P trend = 0.410
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0.48
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All-Cause Mortality

P trend <0.001 P trend = 0.010 P trend = 0.362
075 0.63
(0.34-1.65) (0.23-1.73)
0.45
0.48 (0.24-0.85) 0.26

(0.34-0.67) 0.30

: (0.18;0.49) l l

Enhanced CVH Score Using PHQ-9

CVD Mortality Cancer Mortality

(0.10-0.72)

Dinh VT, et al. JACC Adv. 2024;3(8):101112.

—@— Moderate vs Low —@— High vs Low

HRs (95% Cls) comparing risk of all-cause, cardiovascular, and cancer mortality among participants with moderate vs low and high vs low LE8
scores (top panel), enhanced CVH scores with a ninth psychological health metric based on PHQ-2 (middle panel), and enhanced CVH scores
with a ninth psychological health metric based PHQ-9 (bottom panel). All models were adjusted for age, sex, race and ethnicity, marital status,
education, health insurance, and family income. The test for linear contrast was used to compute the p-trend for detection of a linear trend
across the categories of CVH scores for all models. AHA = American Heart Association; CVD = cardiovascular disease; CVH = cardiovascular
health; LE8 = Life's Essential 8; NHANES = National Health and Nutrition Examination Survey; PHQ = Patient Health Questionnaire.
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All-Cause Mortality

CVH Scores

N (n)?

TABLE 2 Associations of Life’'s Essential 8 and Enhanced Cardiovascular Health Scores Including a Ninth Psychological Health Metric With

Univariate Model®

Adjusted Model®><¢

Total LE8 score
Tertile 1 (<58.4)
Tertile 2 (58.4-73.5)
Tertile 3 (>73.5)

Tertile 1 (<61.7)
Tertile 2 (61.7-75.6)
Tertile 3 (>75.6)

Tertile 1 (<62.0)
Tertile 2 (62.0-75.9)
Tertile 3 (>75.9)

Depression (PHQ-2)¢
0-40 (moderate/severe)
80 (mild)

100 (none)

Depression (PHQ-9)¢
0-40 (moderate/severe)
80 (mild)

100 (none)

Diet
Tertile 1 (<12.0)
Tertile 2 (12.0-43.1)
Tertile 3 (>43.1)

Physical activity
Tertile 1 (0)
Tertile 2 (0-91.3)
Tertile 3 (>91.3)

Nicotine exposure
Tertile 1 (<61.7)
Tertile 2 (61.7-87.4)
Tertile 3 (>87.4)

Sleep health
Tertile 1 (<69.5)
Tertile 2 (69.5-94.2)
Tertile 3 (>94.2)

BMI
Tertile 1 (<28.6)
Tertile 2 (28.6-66.9)
Tertile 3 (>66.9)

Enhanced CVH score using PHQ-2

Enhanced CVH score using PHQ-9

14,683 (852)

14,041 (796)

14,011 (790)

19,055 (1,195)

19,000 (1,180)

16,772 (1,049)

21,175 (1,397)

21,103 (1,390)

21,094 (1,384)

20,881 (1,313)

1.00 (ref)
0.48 (0.35-0.65)
0.20 (0.15-0.28)
P trend < 0.001

1.00 (ref)
0.46 (0.33-0.62)
0.19 (0.14-0.27)
P trend < 0.001

1.00 (ref)
0.43 (0.31-0.60)
0.20 (0.14-0.28)
P trend < 0.001

1.00 (ref)
0.51 (0.39-0.68)
0.43 (0.35-0.53)
P trend < 0.001

1.00 (ref)
0.88 (0.65-1.20)
0.50 (0.38-0.66)
P trend < 0.001

1.00 (ref)
1.03 (0.77-1.39)
0.95 (0.71-1.27)
P trend = 0.718

1.00 (ref)
0.31 (0.25-0.39)
0.27 (0.22-0.34)
P trend < 0.001

1.00 (ref)
1.51 (1.28-1.77)
0.62 (0.52-0.74)
P trend < 0.001

1.00 (ref)
0.60 (0.48-0.75)
0.54 (0.44-0.65)
P trend < 0.001

1.00 (ref)
0.89 (0.68-1.16)
0.89 (0.72-1.10)
P trend = 0.286

1.00 (ref)
0.55 (0.41-0.74)
0.40 (0.28-0.58)
P trend < 0.001

1.00 (ref)
0.55 (0.40-0.76)
0.37 (0.25-0.54)
P trend < 0.001

1.00 (ref)
0.51 (0.37-0.70)
0.38 (0.26-0.54)
P trend < 0.001

1.00 (ref)
0.56 (0.43-0.72)
0.48 (0.39-0.57)
P trend < 0.001

1.00 (ref)
0.80 (0.60-1.07)
0.50 (0.39-0.63)
P trend < 0.001

1.00 (ref)
0.86 (0.64-1.17)
0.72 (0.53-0.98)
P trend = 0.039

1.00 (ref)
0.45 (0.36-0.56)
0.45 (0.36-0.57)
P trend < 0.001

1.00 (ref)
0.63 (0.52-0.75)
0.50 (0.41-0.62)
P trend < 0.001

1.00 (ref)
0.64 (0.52-0.79)
0.59 (0.49-0.70)
P trend < 0.001

1.00 (ref)
0.76 (0.58-1.00)
0.80 (0.65-0.98)
P trend = 0.029

blood glucose and depression. Given the distribution
of the blood glucose and depression scores, it was not
possible to generate tertiles. The following a priori
defined categories were compared for the blood

Continued on the next page

glucose component: 0 to 40 (includes type 2 dia-
betes), 60 (includes prediabetes), and 100 (referent
group includes healthy blood glucose levels). For the
depression component, the a priori defined categories
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TABLE 2 Continued

CVH Scores N (n)?

Univariate Model"

Adjusted Model®¢

Blood lipids 19,934 (1,256)
Tertile 1 (<41.7)
Tertile 2 (41.7-80.6)
Tertile 3 (>80.6)

Blood glucose’
0-40 (diabetes)
60 (prediabetes)
100 (normal HbAT1c)

20,214 (1,287)

Blood pressure
Tertile 1 (<46.4)
Tertile 2 (46.4-83.4)
Tertile 3 (>83.4)

19,398 (1,244)

1.00 (ref)
1.21 (1.04-1.42)
0.85 (0.71-1.02)
P trend = 0.079

1.00 (ref)
0.53 (0.42-0.66)
0.26 (0.22-0.30)
P trend < 0.001

1.00 (ref)
0.38 (0.33-0.44)
0.15 (0.12-0.18)
P trend < 0.001

1.00 (ref)
1.06 (0.89-1.25)
1.48 (1.21-1.80)
P trend < 0.001

1.00 (ref)
0.60 (0.48-0.74)
0.63 (0.53-0.75)
P trend < 0.001

1.00 (ref)
0.68 (0.58-0.81)
0.58 (0.46-0.73)
P trend < 0.001

3N represents the analytic sample size, and n represents the total number of deaths. ®Cox proportional hazards models were used to estimate HR (95%Cl) for associations of
tertiles of the overall CVH scores and their component scores with all-cause mortality risk. Tertile 1 was used as the referent category. “Multivariable models were adjusted for
age (20-29y, 30-39y, 40-49y, 50-59 y, 60-69 y, 70+ y), sex (male, female), race/ethnicity (NH Black, Hispanic, NH White, NH Asian, other race including multiracial), marital
status (married/living with partner, single/widowed/divorced), education (>high school, =high school), health insurance (yes, no), and family income (=$45,000, <$45,000).
9The test for linear contrast was used to compute the P trend for detection of a linear trend across the categories of cardiovascular health for all models. Given the distribution
of the depression scores, the following a priori defined categories were compared: O to 40 (includes moderate to severe depressive symptoms), 80 (includes mild depressive
symptoms), and 100 (referent group including no depressive symptoms). For the PHQ-2 score, there were 1,935 participants with moderate, moderately severe, or severe
symptoms, 4,545 participants with mild depressive symptoms, and 12,575 participants with no/minimal depressive symptoms. For PHQ-9 score, there were 1,722 participants
with moderate, moderately severe, and severe symptoms, 3,053 participants with mild symptoms, and 14,225 participants with no/minimal depressive symptoms. ‘Given the
distribution of the blood glucose scores, the following a priori defined categories were compared: O to 40 (includes type 2 diabetes), 60 (includes prediabetes), and 100
(referent group includes healthy blood glucose levels). There were 3,560 participants with type 2 diabetes, 4,432 participants with prediabetes, and 12,222 with normal HbATc.

AHA = American Heart Association; BMI = body mass index; CVH = cardiovascular health; LE8 = Life's Essential 8; PHQ = Patient Health Questionnaire.

were as follows: 0 to 40 (includes moderate to severe
depressive symptoms), 80 (includes mild depressive
symptoms), and 100 (referent group including no
depressive symptoms). Models were adjusted for age,
sex, race and ethnicity, marital status, education,
health insurance, and family income. The test for
linear contrast was used for detection of a linear trend
across CVH categories. Area under the curve (AUC)
analysis was used to produce concordance statistics
(C-statistic) to determine the discriminative perfor-
mance of the LE8 score and the enhanced CVH scores
for predicting mortality. In exploratory analyses, we
examined interactions by sex and race and ethnicity
for all-cause mortality, and stratified results were
reported. Analyses were performed using SAS,
version 9.4 (SAS Institute), and P values <0.05 were
considered statistically significant.

RESULTS

CHARACTERISTICS OF THE STUDY POPULATION.
The overall study sample consisted of 21,183 partici-
pants, representing 226,834,092 U.S. adults (51% fe-
male, mean age: 48 years, 65% aged =40 years). The
racial and ethnic distribution was as follows: 6%

Asian, 11% Black, 15% Hispanic, and 65% White.
Overall, 21%, 63%, and 16% of participants had high,
moderate, and low CVH, respectively, based on the
LE8 algorithm. When the enhanced CVH scores were
utilized, the distribution of high, moderate, and low
CVH changed as follows 24%, 65%, and 11%, respec-
tively. Detailed descriptive characteristics of the
analytical sample with complete data for the CVH
score components and by enhanced CVH score cate-
gories (using PHQ-2) are shown in Table 1.

CARDIOVASCULAR HEALTH AND ALL-CAUSE MORTALITY.
During a median follow-up of 5 years, there were
1,397 deaths. A high vs low LE8 score was associated
with 65% lower all-cause mortality risk, with evi-
dence of a dose-response relation (P trend < 0.001)
(Central Illustration, Supplemental Figure 2A); similar
associations were observed when tertiles of the LE8
score were compared. Having a high vs low enhanced
CVH score, with the psychological health metric
based on PHQ-2 depression screening, was associated
with a 69% reduction in risk for all-cause mortality
(P trend < 0.001) (Central Illustration and
Supplemental Figure 2B). Being in the high vs low
category for the enhanced CVH score using PHQ-9 for
depression screening was associated with 70% lower
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Sex and by Race and Ethnicity

A

FIGURE 1 Association of AHA's Life's Essential 8 and the Enhanced Cardiovascular Health Scores with All-Cause Mortality Stratified by

Life's Essential 8 Score Stratified by Sex and Race/Ethnicity
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mortality risk (P trend < 0.001) (Central Illustration
and Supplemental Figure 2C). Similar associations
were observed when tertiles of the enhanced CVH
scores were compared (Table 2). An AUC analysis
showed that the LE8 score and CVH scores enhanced
with PHQ-2 or PHQ-9 all demonstrated excellent
discriminative performance for predicting mortality
(LE8 C-statistic = 0.842 vs enhanced CVH scores
C-statistic = 0.843, P < 0.001). When CVH score
components were evaluated, being in the highest vs
lowest category of the new psychological health
component based on PHQ-2 and PHQ-9 was associ-
ated with 52% and 50% lower mortality risk, respec-
tively (p-trend<0.001). Similarly, higher diet, PA,
nicotine exposure, sleep health, BMI, glucose, and BP
scores predicted 20% to 55% reduced all-cause mor-
tality risk (Table 2).

DIFFERENCES BY SEX, RACE, AND ETHNICITY. Hav-
ing a high vs low LE8 or enhanced CVH score pre-
dicted lower all-cause mortality risk in both sexes
with stronger associations in females vs males
(Figures 1A to 1C) (P interaction < 0.05). A high vs low
CVH score predicted 68% to 94% lower all-cause
mortality risk in White and Black adults but null as-
sociations were observed in Hispanic adults
(Figures 1A to 1C) (p-interaction<0.001). Notably, ef-
fect sizes were strongest among Black adults for all
scores, particularly the CVH score enhanced with
PHQ-9, for which being in the high vs low category
was associated with ~2-fold lower risk of mortality.
Differential associations were observed between in-
dividual CVH metrics and mortality in stratified ana-
lyses (Supplemental Tables 2 and 3). For the novel
psychological health metric, being in the highest vs
lowest category predicted up to 69% lower all-cause
mortality risk in both sexes and among Black and
White adults; the strongest associations were among
Black adults and null results were observed for His-
panic adults.

CARDIOVASCULAR HEALTH AND CAUSE-SPECIFIC
MORTALITY. There were 414 and 329 CVD and can-
cer deaths, respectively. Having a high vs low LE8

Dinh et al
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score was associated with 68% lower cardiovascular
mortality risk and 65% lower cancer mortality risk
(P trend < 0.001) (Central Illustration, Supplemental
Figure 3). A high vs low CVH score enhanced with
PHQ-2 and PHQ-9 predicted 77% and 74% lower risk
of cardiovascular mortality (P trend = 0.01),
but there was no association with cancer mortality
(Central Illustration, Supplemental Figure 3). Howev-
er, in analyses using tertiles, being in the highest vs
lowest tertile for the CVH score enhanced with PHQ-
9 predicted 52% lower cancer mortality risk
(P trend = 0.04); the CVH score enhanced with PHQ-2
tended to be associated with 50% cancer mortality,
but the association was not statistically significant
(P trend = 0.053) (Table 3).

When CVH score components were evaluated, being
in the highest vs lowest category of PA, sleep health,
BMI, glucose, and BP scores predicted 36% to 53%
lower cardiovascular mortality risk (P trend < 0.05)
(Table 3). Higher nicotine exposure and sleep health
scores predicted 55% and 35% lower cancer mortality
risk (P trend < 0.05), respectively, while higher
non-HDL cholesterol scores predicted 52% higher
risk (P trend = 0.017). For the new psychological
health metric, being in the highest vs lowest
category was associated with 38% and 39% lower
cardiovascular mortality based on PHQ-2 and
PHQ-9, respectively, but there was no association
with cancer mortality.

DISCUSSION

In U.S. adults, higher CVH, defined by the original
LE8 and 2 iterations of an enhanced CVH score that
encompasses an additional ninth metric for psycho-
logical health, predicted lower all-cause and cause-
specific mortality risk. The observed effect size was
stronger for the enhanced CVH scores, and a gradient
in risk was detected for all associations suggesting
that substantial gains in longevity may be feasible
with improvement in overall and individual metrics
of CVH, including psychological health. AUC analysis
demonstrated that all scores had excellent

FIGURE 1 Continued

(A) HRs (95% Cls) comparing risk of all-cause mortality among participants with moderate vs low and high vs low LE8 scores, stratified by sex
(P interaction < 0.05) and by race and ethnicity (P interaction < 0.001). (B and C) HRs (95% Cls) for associations between an enhanced CVH
score, with a ninth psychological health metric based on PHQ-2 and PHQ-9, respectively, and mortality, stratified by sex and by race and
ethnicity. Sex-stratified models were adjusted for age, race and ethnicity, marital status, education, health insurance, and family income.
Models stratified by race and ethnicity were adjusted for age, sex, marital status, education, health insurance, and family income. The test
for linear contrast was used to compute the p-trend for detection of a linear trend across the categories of cardiovascular health for all
models. AHA = American Heart Association; CVD = cardiovascular disease; CVH = cardiovascular health; LE8 = Life's Essential 8;

NHANES = National Health and Nutrition Examination Survey; PHQ = Patient Health Questionnaire.
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TABLE 3 Associations of Life's Essential 8 and Enhanced Cardiovascular Health Scores Including a Ninth Psychological Health Metric With

Cardiovascular and Cancer Mortality

CVH Scores

Cardiovascular Mortality

Cancer Mortality

N (n)?

Univariate Model®

Adjusted Model®<¢

N (n)?

Univariate Model

lb,d

Adjusted Model®<

Total LE8 score
Tertile 1 (<58.4)
Tertile 2 (58.4-73.5)
Tertile 3 (>73.5)

Enhanced CVH score using PHQ-2
Tertile 1 (<61.7)
Tertile 2 (61.7-75.6)
Tertile 3 (>75.6)

Enhanced CVH score using PHQ-9
Tertile 1 (<62.0)
Tertile 2 (62.0-75.9)
Tertile 3 (>75.9)

Depression (PHQ-2)¢
0-40 (moderate/severe)
80 (mild)

100 (none)

Depression (PHQ-9)°
0-40 (moderate/severe)
80 (mild)

100 (none)

Diet
Tertile 1 (<12.0)
Tertile 2 (12.0-43.1)
Tertile 3 (>43.1)

Physical activity
Tertile 1 (0)
Tertile 2 (0-91.3)
Tertile 3 (>91.3)

Nicotine exposure
Tertile 1 (<61.7)
Tertile 2 (61.7-87.4)
Tertile 3 (>87.4)

Sleep health
Tertile 1 (<69.5)
Tertile 2 (69.5-94.2)
Tertile 3 (>94.2)

BMI
Tertile 1 (<28.6)
Tertile 2 (28.6-66.9)
Tertile 3 (>66.9)

14,683 (251)

14,041 (236)

14,011 (234)

19,055 (354)

19,000 (351)

16,772 (304)

21,175 (414)

21,103 (412)

21,094 (409)

20,881 (381)

1.00 (ref)
0.46 (0.24-0.88)
0.20 (0.10-0.39)
P trend < 0.001

1.00 (ref)
0.47 (0.25-0.89)
0.20 (0.10-0.38)
P trend < 0.001

1.00 (ref)
0.46 (0.25-0.87)
0.20 (0.10-0.40)
P trend < 0.001

1.00 (ref)
0.64 (0.41-0.99)
0.53 (0.36-0.76)
P trend < 0.001

1.00 (ref)
0.92 (0.63-1.36)
0.59 (0.39-0.87)
P trend = 0.009

1.00 (ref)
1.32 (0.83-2.10)
1.19 (0.77-1.84)
P trend = 0.428

1.00 (ref)
0.29 (0.19-0.46)
0.27 (0.19-0.39)
P trend < 0.001

1.00 (ref)
1.86 (1.23-2.81)
0.96 (0.64-1.44)
P trend = 0.827

1.00 (ref)
0.63 (0.44-0.90)
0.56 (0.41-0.78)
P trend < 0.001

1.00 (ref)
0.78 (0.50-1.22)
0.71 (0.47-1.06)
P trend = 0.091

1.00 (ref)
0.55 (0.30-1.04)
0.46 (0.22-0.97)
P trend = 0.041

1.00 (ref)
0.61(0.32-1.16)
0.44 (0.21-0.90)
P trend = 0.026

1.00 (ref)
0.58 (0.32-1.06)
0.45 (0.21-0.96)
P trend = 0.038

1.00 (ref)
0.76 (0.50-1.16)
0.62 (0.42-0.91)
P trend = 0.016

1.00 (ref)
0.90 (0.61-1.32)
0.61 (0.42-0.88)
P trend = 0.009

1.00 (ref)
1.08 (0.65-1.79)
0.93 (0.55-1.54)
P trend = 0.761

1.00 (ref)
0.45 (0.28-0.73)
0.52 (0.36-0.76)
P trend = 0.001

1.00 (ref)
0.72 (0.48-1.10)
0.80 (0.53-1.19)
P trend = 0.254

1.00 (ref)
0.70 (0.49-0.99)
0.64 (0.46-0.87)
P trend = 0.005

1.00 (ref)
0.64 (0.38-1.06)
0.58 (0.39-0.87)
P trend = 0.010

14,683 (200)

14,041 (192)

14,011 (190)

19,055 (289)

19,000 (283)

16,772 (253)

21,175 (329)

21,103 (329)

21,094 (325)

20,881 (320)

1.00 (ref)
0.56 (0.35-0.89)
0.24 (0.13-0.45)
P trend < 0.001

1.00 (ref)
0.45 (0.29-0.72)
0.29 (0.15-0.55)
P trend < 0.001

1.00 (ref)
0.47 (0.29-0.75)
0.28 (0.14-0.54)
P trend < 0.001

1.00 (ref)
0.90 (0.50-1.61)
0.83 (0.50-1.37)
P trend = 0.454

1.00 (ref)
1.74 (0.89-3.40)
1.06 (0.58-1.94)
P trend = 0.842

1.00 (ref)
1.18 (0.64-2.15)
0.90 (0.50-1.62)
P trend = 0.722

1.00 (ref)
0.43 (0.27-0.70)
0.46 (0.31-0.68)
P trend < 0.001

1.00 (ref)
1.48 (1.05-2.09)
0.60 (0.42-0.85)
P trend = 0.005

1.00 (ref)
0.72 (0.52-1.00)
0.65 (0.46-0.92)
P trend = 0.015

1.00 (ref)
1.71 (1.04-2.81)
1.50 (0.98-2.28)
P trend = 0.059

1.00 (ref)
0.62 (0.38-1.02)
0.44 (0.23-0.84)
P trend = 0.014

1.00 (ref)
0.52 (0.32-0.83)
0.50 (0.25-1.01)
P trend = 0.053

1.00 (ref)
0.52 (0.31-0.87)
0.48 (0.24-0.96)
P trend = 0.040

1.00 (ref)
0.89 (0.49-1.62)
0.83 (0.50-1.38)
P trend = 0.467

1.00 (ref)
1.67 (0.88-3.19)
1.05 (0.59-1.86)
P trend = 0.880

1.00 (ref)
0.94 (0.50-1.76)
0.61 (0.35-1.08)
P trend = 0.090

1.00 (ref)
0.57 (0.35-0.93)
0.71 (0.47-1.07)
P trend = 0.097

1.00 (ref)
0.56 (0.39-0.81)
0.45 (0.31-0.66)
P trend < 0.001

1.00 (ref)
0.71 (0.51-0.99)
0.65 (0.46-0.92)
P trend = 0.016

1.00 (ref)
1.38 (0.87-2.19)
1.31 (0.86-1.99)
P trend = 0.204

Continued on the next page
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TABLE 3 Continued

Cardiovascular Mortality

Cancer Mortality

CVH Scores N (n)*

Univariate Model®

Adjusted Model®<¢ N (n)* Univariate Model®

Adjusted Model®<

Blood lipids
Tertile 1 (<41.7)
Tertile 2 (41.7-80.6)
Tertile 3 (>80.6)

19,934 (387)

Blood glucose’ 20,214 (396)
0-40 (diabetes)
60 (prediabetes)
100 (normal HbA1c)
Blood pressure 19,398 (368)
Tertile 1 (<46.4)
Tertile 2 (46.4-83.4)
Tertile 3 (>83.4)

1.00 (ref)
1.29 (0.92-1.81)
0.71 (0.51-0.99)
P trend = 0.042

1.00 (ref)
0.52 (0.35-0.75)
0.18 (0.14-0.23)
P trend < 0.001

1.00 (ref)
0.39 (0.29-0.52)
0.09 (0.06-0.14)
P trend < 0.001

19,934 (279)
1.00 (ref)
1.08 (0.78-1.48)
1.27 (0.92-1.75)
P trend = 0.149

1.00 (ref)

1.15 (0.83-1.57)
0.83 (0.61-1.14)
P trend = 0.249

20,214 (287)

1.00 (ref)

0.60 (0.40-0.90)

0.53 (0.40-0.68)

P trend < 0.001

1.00 (ref)

0.85 (0.55-1.32)
0.35 (0.24-0.52)
P trend < 0.001

19,398 (297)

1.00 (ref)

0.79 (0.58-1.08)

0.47 (0.31-0.70)

P trend < 0.001

1.00 (ref)
0.44 (0.31-0.62)
0.17 (0.11-0.25)
P trend < 0.001

1.00 (ref)
0.99 (0.71-1.37)
1.52 (1.08-2.14)
P trend = 0.017

1.00 (ref)
1.01 (0.66-1.55)
0.91 (0.61-1.36)
P trend = 0.642

1.00 (ref)
0.81 (0.55-1.18)
0.73 (0.43-1.24)
P trend = 0.236

3N represents the analytic sample size, and n represents the total number of deaths. °Cox proportional hazards models were used to estimate HR (95% Cl) for associations of tertiles of the overall CVH scores
and their component scores with all-cause mortality risk. Tertile 1 was used as the referent category. “Multivariable models were adjusted for age (20-29y, 30-39y, 40-49y, 50-59 y, 60-69 y, 70+ y), sex
(male, female), race/ethnicity (NH Black, Hispanic, NH White, NH Asian, other race including multiracial), marital status (married/living with partner, single/widowed/divorced), education (>high
school, =high school), health insurance (yes, no), and family income (=$45,000, <$45,000). 9The test for linear contrast was used to compute the p-trend for detection of a linear trend across the
categories of cardiovascular health for all models. Given the distribution of the depression scores, the following a priori defined categories were compared: O to 40 (includes moderate to severe depressive
symptoms), 80 (includes mild depressive symptoms), and 100 (referent group including no depressive symptoms). For the PHQ-2 score, there were 1,935 participants with moderate, moderately severe, or
severe symptoms, 4,545 participants with mild depressive symptoms, and 12,575 participants with no/minimal depressive symptoms. For PHQ-9 score, there were 1,722 participants with moderate,
moderately severe, and severe symptoms, 3,053 participants with mild symptoms, and 14,225 participants with no/minimal depressive symptoms. ‘Given the distribution of the blood glucose scores, the
following a priori defined categories were compared: O to 40 (includes type 2 diabetes), 60 (includes prediabetes), and 100 (referent group includes healthy blood glucose levels). There were 3,560
participants with type 2 diabetes, 4,432 participants with prediabetes, and 12,222 with normal HbA1c.

AHA = American Heart Association; BMI = body mass index; CVH = cardiovascular health; LE8 = Life's Essential 8; PHQ = Patient Health Questionnaire.

discriminative ability for predicting mortality out-
comes. However, the improvement in the C-statistic
for the enhanced CVH scores, although statistically
significant, was minimal, which is expected given
that the baseline model had a C-statistic >0.75.>°
Furthermore, the inclusion of a ninth psychological
health metric based on depression screening did not
substantially alter the percentage of participants
classified as having high, moderate, and low CVH.
Importantly, we observed similar associations and
effect sizes for both iterations of the enhanced CVH
scores underscoring the utility of the PHQ-2, due to
its simplicity compared to the PHQ-9, for in-clinic
assessments of psychological health among patients
at risk for CVD and in public health or low resource
settings where comprehensive assessments may not
be feasible.®

Our findings are consistent with the strong inverse
dose-response association detected between ideal
CVH, defined by the LS7 framework, and mortality
outcomes in prior work.”'> A 2016 meta-analysis of
prospective studies showed that having the highest
number of ideal CVH metrics was associated with 45%
and 75% lower all-cause and CVD mortality risk,
respectively.” Our results also align with findings

from the UK Biobank showing that higher CVH, based
on the LE8 algorithm, is associated with longer life
expectancy free of major chronic diseases, including
CVD and cancer.'® Indeed, poor CVH has been linked
to chronic diseases representing the leading causes of
mortality®3°3? via mechanisms related to inflamma-
tion, endothelial dysfunction, atherosclerosis, cardiac
stress and remodeling, hemostatic factors, and
accelerated epigenetic aging among others.333¢
Higher scores for the new psychological health
metric based on depression screening were associated
with lower all-cause and cardiovascular but not can-
cer mortality. In U.S. adults, depression is related to
~80% higher odds of having suboptimal CVH, and a
graded positive association between the number of
poor mental health days and CVD odds has been re-
ported.'® Furthermore, major depression is associated
with 52% and >2-fold higher risk of all-cause and
cardiovascular mortality, respectively.?” Although
psychological distress and depression have been
linked to cancer mortality in prior studies,*®3° we
only observed significant associations for the CVH
score enhanced with PHQ-9 in tertile analyses. Pre-
dictors of cancer outcomes may vary by site, so it is
possible that associations of depression with site-
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specific cancer deaths were diluted by the use of a
composite cancer mortality outcome in our analyses.
Alternatively, the full psychological profile contrib-
uting to cancer mortality may not be captured by the
PHQ-2 or may be distinct from other types of mor-
tality. Specifically, the PHQ-2 asks about finding little
pleasure in life and feeling hopeless, and individuals
with cancer, the majority of whom survive =5 years
after initial diagnosis, report unique perspectives of
gratitude and appreciation for life as positive aspects
of having cancer.*® Notably, sleep health, the novel
8th metric, was the only health behavior related to all
mortality outcomes, which extends our prior work
showing that the inclusion of sleep as a CVH metric
enhances the CVH construct over and above the
original 7 metrics.*’ Given the strong bidirectional
association between sleep and wellbeing, it is also
possible that sleep serves a proxy for aspects of psy-
chological health more strongly related to cancer
mortality.

In sex-stratified analyses, high CVH predicted
lower all-cause mortality in both sexes, with stronger
associations in females. This stronger effect size may
be explained by differences in health behaviors and
the higher depression rates typically reported among
females.*>*> Diet quality was associated with mor-
tality in females only. Furthermore, although sleep
health score tertiles were not associated with mor-
tality in females, in sensitivity analyses, we found
that sleeping <6 h or =10 h vs =7 h and <9 h is
associated with 30% higher mortality risk (data not
shown). In analyses stratified by race and ethnicity,
the association of CVH with mortality in both Black
and White adults is consistent with prior research."
There was a remarkable increase in effect size when
the CVH score was enhanced with a measure of psy-
chological health, particularly PHQ-9, among Black
adults. Previous research has found that Black pop-
ulations tend to have worse CVH** as well as higher
rates of depression compared to other racial and
ethnic groups in the United States.** Therefore,
screening for and addressing psychological health as
well as structural factors that increase depression risk
are important targets for promoting CVH equity in
this population. We did not observe an association
between overall CVH and mortality in Hispanic
adults; this finding adds to the literature document-
ing the Hispanic mortality paradox.*>*°® However,
recent data suggest that disaggregating data by de-
mographics may reveal differential results in the U.S.
Hispanic population.*” Therefore, factors that confer
resilience and differences by Hispanic/Latina/o/x
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background and age group within the heterogeneous
Hispanic population warrant further investigation.
STUDY STRENGTHS AND LIMITATIONS. Strengths of
our study include the use of standardized data from a
large representative cohort of U.S. adults, the
rigorous survey planning, data collection, and data
processing procedures of NHANES. The carefully
adjusted models for relevant potential confounding
factors, stratification of results by relevant de-
mographic factors, and sensitivity analyses represent
additional strengths of our analytic approach.
Importantly, the use of the LE8 algorithm in
conjunction with a measure of psychological health
and wellbeing represents an enhanced and updated
approach to prior studies on CVH and mortality and is
a notable strength of this work.

Our findings should be considered in light of
several limitations. First, the follow-up of our cohort
was of limited duration. Second, we had only a single
measurement for CVH and depression status; thus,
were unable to account for changes in CVH metrics
and depressive symptoms during the follow-up
period, years living with depression, or the timing
of depression diagnosis and their association with
mortality across adulthood. We were also not able to
adjust for emergent health complications and drug
use during follow-up. Third, health behaviors and
depression status were self-reported and prone to
recall bias. Fourth, the measure of psychological
health that we used is based solely on depression
symptoms, without accounting for anxiety, stress,
pessimism or measures of positive psychological
wellbeing (eg, gratitude, optimism, mindfulness,
sense of purpose) that are known to interact with and
shape CVH.%?! Fifth, there is potential misclassifica-
tion of the scoring approach; we also cannot rule out
misclassification error of underlying and contributing
causes of death and the possibility of residual con-
founding. Finally, we had limited statistical power to
conduct stratified analyses for CVH in relation to
cause-specific mortality.

CONCLUSIONS

A new enhanced CVH score that includes a ninth
metric for psychological health, based on feasible
depression screening, was a strong predictor of all-
cause and cause-specific mortality in U.S. adults,
with evidence of a dose-response relationship. Our
data support a possible future update to the LE8
guidelines to encompass a ninth metric for psycho-
logical health and wellbeing (eg, “Life’s Necessary
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9”), and suggest that screening for and addressing
depression, as a key CVD risk factor, with psycho-
therapy, behavioral, and pharmacological in-
terventions as part of primordial prevention efforts
may have a far-reaching effect for population-level
reductions in mortality. Long-term population
studies are needed to investigate associations of
enhanced CVH scores, that utilize a more compre-
hensive but pragmatic psychological health
construct, with mortality and other health outcomes
and to compare the predictive value of LE8 to other
enhanced scoring algorithms.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: A CVH construct
enhanced with a ninth psychological health metric, based on
validated feasible depression screening, strongly predicted all-
cause and cardiovascular mortality in U.S. adults and demon-
strated excellent predictive value compared to the LE8 score.
Associations of the enhanced CVH score with mortality were
stronger than those observed for the LE8 score, particularly
among Black and female populations, while null associations
were observed among Hispanic populations.

TRANSLATIONAL OUTLOOK 1: The incorporation of
depression screening within health care delivery systems and risk
algorithms and addressing psychological health and wellbeing
with psychotherapy, behavioral, and pharmacological interven-
tions as part of primordial prevention efforts may have far-
reaching effects for CVH equity promotion and population-level
reductions in mortality.

TRANSLATIONAL OUTLOOK 2: Additional research is war-
ranted to investigate the association of enhanced CVH scores,
that utilize different and more comprehensive definitions of
psychological health and wellbeing, with mortality and other
health outcomes and to compare the predictive value of the LE8
score to other enhanced scoring algorithms.
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