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ABSTRACT
ISS
BACKGROUND Prior studies have incompletely assessed whether the development of cardiometabolic risk factors

(CVDRF) (hypertension, hyperlipidemia, and diabetes mellitus) mediates the association between anxiety and depression

(anxiety/depression) and cardiovascular disease (CVD).

OBJECTIVES The authors aimed to evaluate the following: 1) the association between anxiety/depression and incident

CVDRFs and whether this association mediates the increased CVD risk; and 2) whether neuro-immune mechanisms and

age and sex effects may be involved.

METHODS Using a retrospective cohort design, Mass General Brigham Biobank subjects were followed for 10 years.

Presence and timing of anxiety/depression, CVDRFs, and CVD were determined using ICD codes. Stress-related neural

activity, chronic inflammation, and autonomic function were measured by the assessment of amygdalar-to-cortical

activity ratio, high-sensitivity CRP, and heart rate variability. Multivariable regression and mediation analyses were

employed.

RESULTS Among 71,214 subjects (median age 49.6 years; 55.3% female), 27,048 (38.0%) developed CVDRFs during

follow-up. Pre-existing anxiety/depression associated with increased risk of incident CVDRF (OR: 1.71 [95% CI: 1.59-1.83],

P < 0.001) and with a shorter time to their development (b ¼ �0.486 [95% CI: �0.62 to �0.35], P < 0.001). The

development of CVDRFs mediated the association between anxiety/depression and CVD events (log-odds: 0.044

[95% CI: 0.034-0.055], P < 0.05). Neuro-immune pathways contributed to the development of CVDRFs (P < 0.05 each)

and significant age and sex effects were noted: younger women experienced the greatest acceleration in the develop-

ment of CVDRFs after anxiety/depression.

CONCLUSIONS Anxiety/depression accelerate the development of CVDRFs. This association appears to be most

notable among younger women and may be mediated by stress-related neuro-immune pathways. Evaluations of tailored

preventive measures for individuals with anxiety/depression are needed to reduce CVD risk. (JACC Adv. 2024;3:101208)

© 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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ABBR EV I A T I ON S

AND ACRONYMS

AmygAC = amygdalar to

ventromedial prefrontal

cortical activity ratio

CVD = cardiovascular disease

CVDRF = cardiometabolic

cardiovascular risk factors

DM = diabetes mellitus

hs-CRP = high-sensitivity

C-reactive protein

HLD = hyperlipidemia

HRV = heart rate variability

HTN = hypertension

ICD = International

Classification of Disease

MACE = major adverse

cardiovascular events

MGB = Mass General Brigham

NLP = natural language

processing

SNA = stress related neural

activity
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S tress-related psychiatric conditions,
such as anxiety and depression (anxi-
ety/depression), have emerged as in-

dependent risk factors for cardiovascular
disease (CVD).1,2 Although several mecha-
nisms linking psychiatric conditions to CVD
have been proposed,1 a simple yet potentially
important mediator linking anxiety/depres-
sion to CVD remains under-investigated: an
increase in the risk of developing major tradi-
tional cardiometabolic CVD risk factors
(CVDRF) (hypertension (HTN), dyslipidemia
(HLD), and diabetes mellitus (DM)). Notably,
while prior work has shown that anxiety/
depression are associated, mainly cross-
sectionally, with individual CVDRFs,3-7 no
studies have specifically assessed the rela-
tionship between anxiety/depression and
the risk of developing any CVDRFs, when all
major CVDRFs are assessed concurrently.
Moreover, previous studies have not evalu-
ated how anxiety/depression may impact
the timing of the development of CVDRFs or
the degree to which an accelerated gain in CVDRFs
explains the heightened CVD risk associated with
anxiety/depression. Furthermore, it remains un-
known whether age and sex may influence these po-
tential relationships.

Neuro-immune pathways, including stress-related
neural activity, systemic inflammation, and auto-
nomic nervous system activity, have been proposed
to mediate the association between stress and
increased CVD risk.8 Advanced imaging with 18F-
fluorodeoxyglucose positron emission tomography/
computed tomography has enabled, for example,
evaluation of neural mechanisms by which
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psychosocial stress and psychiatric conditions,
including anxiety/depression, trigger the develop-
ment of CVD9,10 and CVDRFs, including HTN11 and
DM.12 The impact of psychosocial stress on the
development of CVDRFs through autonomic nervous
system dysfunction and chronic inflammation has
also been partially investigated.13-18 As such, these
tools are well-suited to evaluate the biological path-
ways linking anxiety/depression to the risk of devel-
oping CVDRFs.

Accordingly, using a large well-characterized bio-
bank cohort, we sought to test the hypotheses that: 1)
anxiety/depression accelerate the development of
CVDRFs (independently of potential confounders); 2)
the development of CVDRFs contributes to the
increased CVD risk associated with anxiety/depres-
sion; and 3) neuro-immune pathways mediate the
link between anxiety/depression and development of
CVDRFs. Furthermore, because prior observations
demonstrate important age and sex effects for the
CVD risk associated with anxiety/depression19-22 as
well as with traditional CVDRFs,23 we also investi-
gated whether age and sex modified the association
between anxiety/depression and development of
CVDRFs.

METHODS

STUDY SAMPLE. Individuals (age $18 years) enrolled
and consented into the Mass General Brigham (MGB)
Biobank, a biorepository that recruits participants
through the MGB Network,24 were studied. The MGB
Human Research Committee approved the
study protocol.

Our retrospective cohort study used data collected
in the MGB Biobank until December 20, 2020 (data
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FIGURE 1 Study Design

AmygAc ¼ amygdalar to ventromedial prefrontal cortical activity ratio; AF ¼ atrial fibrillation; AFL ¼ atrial flutter; HFrEF ¼ heart failure with reduced ejection fraction;

HRV ¼ heart rate variability; hs-CRP ¼ high sensitivity C-reactive protein; MACE ¼ major adverse cardiovascular event; MI ¼ myocardial infarction; VT ¼ ventricular

tachycardia.
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lock date), which is therefore considered the date of
the last follow-up. Within the study population, we
identified the following: 1) a larger clinical cohort
with clinical data; and 2) smaller mechanistic cohorts
with neuro-immune data (Figure 1). Within the clin-
ical cohort, we investigated the relationships be-
tween anxiety/depression, development of CVDRFs,
and the subsequent risk of major adverse cardio-
vascular disease events (MACE). To evaluate 10-year
event rates, we defined December 20, 2010 as the
study start date. Patients with MACE before the
study start date were excluded. Additional details
about the clinical cohort are reported in
Supplemental Figure 1. In the mechanistic cohorts,
we performed exploratory analyses about the role of
stress-related neural activity, autonomic nervous
system function, and chronic inflammation (as
components of neuro-immune pathways) in the
development of CVDRF.

PSYCHIATRIC CONDITIONS. For all patients, data
were collected regarding the diagnoses of anxiety/
depression using International Classification of Dis-
ease (ICD-10 codes (Supplemental Table 1). We
assessed the impact of depression, anxiety, and of the
combined group depression and/or anxiety (ie, 1 or
both conditions versus none) (Supplemental
Figure 1). Given the established relationship be-
tween anxiety/depression,25 depression and/or anxi-
ety was predefined as the primary study exposure
variable. To reduce the risk of reverse causality, we
only considered diagnoses of anxiety/depression
prior to the study start date (ie the first day of the
10-year observation period, December 20, 2010), and
patients with new diagnoses of anxiety/depression
after study start date were excluded from analysis.
In a sensitivity analysis used to confirm the validity of
ICD codes, we also used natural language processing
(NLP) to confirm the ICD-derived diagnosis of
depression. Additional details are provided in the
Supplemental Methods.

CARDIOVASCULAR RISK FACTORS. Development of
a new CVDRF was the primary outcome of this study.
Development of a new CVDRF was defined as a new
diagnosis of HTN, HLD, or DM after the study start
date, all identified using ICD-10 codes (Supplemental
Table 1). The period from the start of the observation
period to diagnosis of a new CVDRF (ie, the time be-
tween the study start date and the date of diagnosis
of a new CVDRF) was used to identify the time
required to develop a new CVDRF.

COVARIABLES. For all participants, the presence of
factors predisposing to CVDRFs was extracted from
electronic health record data. Covariables were
defined a-priori based on existing literature26,27 and
were derived either from MGB Biobank records or
from a voluntary health survey completed by par-
ticipants upon enrollment in the Biobank.24 Sex was
defined as biological sex. Physical activity was
derived from the voluntary health survey for a sub-
set of participants. Body mass index and smoking
status (current or prior smoking) were derived from
either voluntary health surveys or MGB Biobank re-
cords for individuals who did not complete the sur-
vey. Insomnia was defined using the relevant ICD-10

https://doi.org/10.1016/j.jacadv.2024.101208
https://doi.org/10.1016/j.jacadv.2024.101208
https://doi.org/10.1016/j.jacadv.2024.101208
https://doi.org/10.1016/j.jacadv.2024.101208
https://doi.org/10.1016/j.jacadv.2024.101208
https://doi.org/10.1016/j.jacadv.2024.101208
https://doi.org/10.1016/j.jacadv.2024.101208


TABLE 1 Baseline Characteristic of the Clinical Cohort by the Presence of Anxiety and/or Depression

All Patients Patients Without Pre-Existing CVDRFs

All Patients
(N ¼ 71,214)

Baseline Anxiety and/or
Depression

P Value
Comparing
Groups

All Patients
(N ¼ 49,774)

Baseline Anxiety and/or
Depression

P Value
Comparing
Groups

Present
(n ¼ 14,744)

Absent
(n ¼ 56,470)

Present
(n ¼ 5,454)

Absent
(n ¼ 44,320)

Age, y 49.61
(35.39-60.21)

50.75
(39.99-60.36)

50.74
(36.43-61.19)

<0.001 45.91
(30.78-57.12)

41.61
(30.66-51.09)

47.90
(32.44-58.77)

<0.001

Female 39,401 (55.3%) 10,358
(70.2%)

29,043
(51.4%)

<0.001 30,728
(42.1%)

1,320 (24.2%) 20,774
(46.9%)

<0.001

Race (non-White) 10,521 (14.8%) 2,360 (16.0%) 8,161 (14.5%) <0.001 7,547 (15.2%) 936 (17.2%) 6,611 (14.9%) <0.001

Ethnicity (Hispanic) 2,079 (2.9%) 798 (5.4%) 1,281 (2.3%) <0.001 1,334 (2.7%) 312 (5.7%) 1,022 (2.3%) <0.001

Smokinga 24,287 (39.3%) 6,424 (48.0%) 17,863 (36.9%) <0.001 24,551 (39.4%) 2,250 (46.3%) 13,314 (35.8%) <0.001

BMI, kg/m2 26.76
(23.64-30.81)

27.55
(24.02-32.20)

26.58
(23.56-30.43)

<0.001 26.31
(23.20-30.21)

26.17
(22.96-30.54)

26.32
(23.24-30.17)

0.586

Recommended physical
activitya

22,817 (71.5%) 3,964 (63.6%) 18,853 (73.4%) <0.001 22,265 (71.4%) 1,415 (66.1%) 14,504 (73.8%) <0.001

Insomnia 2,466 (3.5%) 1,835 (12.4%) 631 (1.1%) <0.001 733 (1.0%) 390 (7.2%) 163 (0.4%) <0.001

Therapy with SSRI or SNRIb 9,988 (14.0%) 8,731 (59.2%) 1,257 (2.2%) <0.001 3,418 (7.8%) 2,828
(66.7%)

590 (1.5%) <0.001

Pre-existing CVDRFs

Any CVDRF 27,520 (27.2%) 9,290 (63.0%) 12,150 (21.5%) <0.001 NA

Pre-existing HTN 14,247 (20.0%) 6,373 (43.2%) 7,874 (13.9%) <0.001

Pre-existing HLD 16,686 (23.4%) 7,315 (49.6%) 9,371 (16.6%) <0.001

Pre-existing DM 4,390 (6.2%) 2,190 (14.9%) 2,195 (3.9%) <0.001

Number of pre-existing CVDRFs

0 49,774 (69.9%) 5,454 (37.0%) 44,320 (78.5%) <0.001 NA

1 10,322 (14.5%) 4,129 (28.0%) 6,193 (11.0%) <0.001

2 8,353 (11.7%) 3,729 (25.3%) 4,624 (8.2%) <0.001

3 2,765 (3.9%) 1,432 (9.7%) 1,333 (2.4%) <0.001

Values are median (IQR) or n (%). Boldface values represent statistical significance (P < 0.05). aData are derived from health surveys that are not available for all patients. % refers to the total number of
participants for whom we have survey data. Physical activity is defined based on WHO-recommended exercise levels ($500 METs/week). CVDRFs: hypertension, hyperlipidemia, and diabetes mellitus.

BMI ¼ body mass index; CVDRF ¼ cardiometabolic cardiovascular risk factor; DM ¼ diabetes mellitus; HLD ¼ hyperlipidemia; HTN ¼ hypertension; SSRI ¼ selective serotonin reuptake inhibitors;
SNRI ¼ serotonin and norepinephrine reuptake inhibitors.
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code (G47.0). Antidepressant therapy (ie, selective
serotonin reuptake inhibitors or serotonin and
norepinephrine reuptake inhibitors) was derived
from MGB Biobank records. Socioeconomic variables
(ie, employment status and educational attainment)
were derived from the voluntary health survey,
while median income was derived using zip code-
level census data. Additional details are in the
Supplemental Methods.

ADVERSE CARDIOVASCULAR EVENTS. MACE were
defined according to Framingham Heart Study
criteria.28 MACE data were obtained from the medical
records using ICD-10 codes; the MACE composite
endpoint included the following: myocardial infarc-
tion, unstable angina, heart failure, stroke, transient
ischemic attack, coronary revascularization, periph-
eral vascular disease, and peripheral revasculariza-
tion. Further details are reported in Supplemental
Table 2. Incident MACE were assessed for the
10-year period from the study start date to the first
event date, death, or last follow-up. To avoid reverse
causation, patients with MACE before study start date
were excluded.

NEURO-IMMUNE MEASURES. Stress-related neural
activity was measured as amygdalar metabolic activ-
ity relative to cortical activity (amygdalar to cortical
activity ratio: AmygAC) as previously described.9,29-33

As described previously, cortical activity was
assessed in the ventromedial prefrontal cortex, given
its role in regulating the limbic system.29-31,34 Clini-
cally available high-sensitivity C-reactive protein (hs-
CRP) was used as a surrogate biomarker for chronic
inflammation. Autonomic nervous system activity
was evaluated using heart rate variability (HRV)
derived from clinical electrocardiograms. Additional
details are available in the Supplemental Methods.

STATISTICAL ANALYSIS. Statistical analyses were
performed using the Statistical Package for Social
Sciences (SPSS, version 28, IBM corporation) and
statistical package R (version 4.3.1, R Foundation for
Statistical Computing). Given the impact of the pre-
existing CVDRFs on the further development of
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TABLE 2 Impact of Anxiety and/or Depression on the 10-Yrs Risk of and Timing of Developing CVDRFs

Predictor Covariables

10 Years Risk of Developing $1 CVDRFs Time to Develop One CVDRF

N OR (95% CI) P Value N b (95% CI) P Value

Depression Pre-existing CVDRFs 77,805 1.298 (1.238-1.361) <0.001 30,956 �0.451 (�0.453 to �0.360) <0.001

Age, sexa 77,804 1.847 (1.756-1.942) <0.001 30,955 �0.591 (�0.684 to �0.497) <0.001

Smokingb 67,511 1.763 (1.671-1.859) <0.001 27,525 �0.551 (�0.648 to �0.453) <0.001

Lifestyle factorsb 34,554 1.576 (1.454-1.709) <0.001 13,338 �0.473 (�0.623 to �0.322) <0.001

All the above (Primary Model) 34,522 1.569 (1.447-1.701) <0.001 13,334 �0.471 (�0.622 to �0.321) <0.001

SSRI or SNRIc 29,819 1.393 (1.226-1.582) <0.001 11,324 �0.303 (�0.547 to �0.060) 0.015

Anxiety Pre-existing CVDRFs 72,482 1.195 (1.139-1.254) <0.001 28,489 �0.418 (�0.513 to �0.322) <0.001

Age, sexa 72,481 1.789 (1.699-1.884) <0.001 28,488 �0.567 (�0.665 to �0.469) <0.001

Smokingb 62,684 1.706 (1.616-1.801) <0.001 25,279 �0.538 (�0.640 to �0.436) <0.001

Lifestyle factorsb 32,284 1.654 (1.522-1.796) <0.001 12,366 �0.488 (�0.644 to �0.332) <0.001

All the above (Primary Model) 32,252 1.646 (1.515-1.788) <0.001 12,361 �0.483 (�0.639 to �0.326) <0.001

SSRI or SNRIc 27,759 1.397 (1.247-1.564) <0.001 10,352 �0.298 (�0.520 to �0.076) 0.009

Anxiety and/or depression Pre-existing CVDRFs 71,214 1.316 (1.263-1.373) <0.001 27,048 �0.433 (�0.525 to �0.361) <0.001

Age, sexa 71,213 1.921 (1.836-2.009) <0.001 27,047 �0.579 (�0.664 to �0.494) <0.001

Smokingb 61,727 1.826 (1.741-1.916) <0.001 24,054 �0.539 (�0.628 to �0.450) <0.001

Lifestyle factorsb 31,768 1.714 (1.595-1.842) <0.001 11,731 �0.490 (�0.624 to �0.355) <0.001

All the above (Primary Model) 31,739 1.707 (1.589-1.835) <0.001 11,728 �0.486 (�0.621 to �0.351) <0.001

SSRI or SNRIc 28,288 1.440 (1.294-1.603) <0.001 10,353 �0.300 (�0.511 to �0.089) 0.005

Boldface values represent statistical significance (P < 0.05). aAnalysis adjusted for the pre-existing CVDRFs. bAnalysis adjusted for the pre-existing CVDRFs, age, and sex. cAnalysis adjusted for all the
components of the primary model. Lifestyle factors: body mass index, insomnia, and physical activity. CVDRFs: hypertension, hyperlipidemia, and diabetes mellitus.

b ¼ unstandardized coefficient; CVDRF ¼ cardiometabolic cardiovascular risk factor; SSRI ¼ selective serotonin reuptake inhibitors; SNRI ¼ serotonin and norepinephrine reuptake inhibitors.
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CVDRFs, all analyses using development of CVDRFs
as outcome were adjusted for pre-existing CVDRFs.
Multivariable logistic regressions and multivariable
linear regressions were employed to assess the re-
lationships between pre-existing anxiety/depression
(ie, anxiety/depression before study start date) and,
respectively, the risk of developing new CVDRFs and
the time required to develop new CVDRFs. Imple-
mentation of both logistic and linear regression
models allowed us to fully discriminate between the
probability of developing new CVDRFs and the time
required for their development. The cumulative
impact of anxiety/depression on the time required to
develop a new CVDRF was also assessed. Adjusted
survival curves were obtained using the R-package
‘adjustedCurves’ (version 0.10.1). Traditional media-
tion analysis, using SPSS PROCESS macro v4.2, was
performed to test whether the number of CVDRFs
developed mediates the link between anxiety/
depression and incident MACE. Variables involved in
the mediation model were carefully selected to sug-
gest causal effects. In the mechanistic cohorts,
multivariable Cox regression was used to investigate
the impact of neuro-immune pathways on the
development of new CVDRFs. Participants with
missing data were excluded from corresponding an-
alyses (pairwise deletion). A 2-sided P value <0.05
was used to define statistical significance for all an-
alyses. Additional details about statistical analysis
and different sensitivity analyses are given in the
Supplemental Methods.

RESULTS

CLINICAL COHORT. Of 119,009 MGB Biobank partic-
ipants, 100,346 were included in the clinical cohort.
Of these, 71,214 were included in the anxiety and/or
depression analysis (Supplemental Figure 1).

Individuals with (versus without) anxiety and/or
depression were more likely to be female and to have
a history of smoking, higher body mass index,
insomnia, HTN, DM, or HLD. Median age in women
was lower than in men (48.80 [IQR: 34.80-59.61]
versus 52.97 [IQR: 40.78-62.42] years, P < 0.001).
Additional details of the baseline characteristics are
presented in Table 1.

ANXIETY, DEPRESSION, AND DEVELOPMENT OF

CVDRFs. Among 71,214 participants in the anxiety
and/or depression analysis, 27,048 (38.0%) devel-
oped a new CVDRF during follow-up. Participants
with pre-existing anxiety and/or depression had
significantly higher 10-year risk of developing a new
CVDRF, a finding that persisted after adjusting for
demographic characteristics and health behaviors
(primary model; OR: 1.71 [95% CI: 1.59 to 1.83],
P < 0.001) (Table 2). Similar results were observed for
anxiety and depression individually, after adjustment
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CENTRAL ILLUSTRATION Anxiety and Depression are Associated With Accelerated Development of
Cardiovascular Disease Risk Factors

Civieri G, et al. JACC Adv. 2024;3(9):101208.

(A) Anxiety and/or depression are associated with an accelerated development of new CVDRFs. Increased stress-related neural activity, chronic inflammation, and

sympathetic activity are associated with anxiety and/or depression, interact with each other, and might represent the mechanistic background of the association

between psychiatric conditions and development of new CVDRF. Finally, the development of new CVDRF represents an important mediator in the relationship between

anxiety, depression, and MACE. (B) Depression and/or anxiety significantly reduce the survival free from the development of new CVDRF (area between the

curves¼0.718 [95% CI: 0.627-0.807], P < 0.001). (C) Younger females suffer a significantly greater influence of anxiety and/or depression on the development of

CVDRFs than other age and sex subgroups. Analyses are adjusted for the components of the primary model. Error bars represent 95% CI. *P < 0.05; anx/dep ¼ anxiety

and/or depression; CVDRF ¼ cardiometabolic cardiovascular risk factor (hypertension, hyperlipidemia, and diabetes mellitus); ns ¼ not significant; MACE ¼ major

adverse cardiovascular event.
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for antidepressant medications (Table 2) and in sub-
jects with both anxiety and depression (OR: 1.98
[95% CI: 1.77-2.21], P < 0.001). Survival free from the
development of new CVDRFs was significantly
greater in patients without depression/anxiety (dif-
ference of proportion free from new CVDRFs at
10 years: 11.6% [95% CI: 10.2-13.0%], P < 0.001)
(Central Illustration B). In additional analyses, where
those with pre-existing CVDRFs were excluded or the
date of Biobank consent was employed as start of the
observation period, the findings were generally
similar (Supplemental Tables 3 and 4). Also, exclusion
of participants with post-traumatic stress disorder
from the pool of participants with anxiety disorders
yielded similar results, both for the combined pre-
dictor anxiety and/or depression (OR: 1.56 [95% CI:

https://doi.org/10.1016/j.jacadv.2024.101208


FIGURE 2 Anxiety and Depression Influence the Timing of Development of CVDRFs

Among subject (n ¼ 27,048) who develop CVDRF, those with anxiety and/or depression develop them sooner than patients without. The

presence of both conditions has a significant effect compared to the presence of only one. Time is expressed as mean time within each group,

with error bars representing 95% confidence interval. *P < 0.05; HTN ¼ hypertension; HLD ¼ hyperlipidemia; DM ¼ diabetes mellitus;

CVDRF ¼ cardiometabolic cardiovascular risk factor (hypertension, hyperlipidemia, diabetes mellitus); ns ¼ non-significant.
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1.44-1.68], P < 0.001) and for the single predictor
anxiety (OR: 1.56 [95% CI: 1.43-1.71], P < 0.001).
Anxiety/depression also significantly heightened the
risk of developing each of the CVDRFs tested indi-
vidually (Supplemental Table 5).

In a sensitivity analysis using only depression di-
agnoses confirmed by NLP (either ICD positive and
NLP positive or ICD negative and NLP negative), the
impact of depression on the development of new
CVDRFs was even stronger (OR: 1.94 [95% CI: 1.75-
2.15], P < 0.001).

ANXIETY, DEPRESSION, AND TIMING OF THE

DEVELOPMENT OF CVDRFs. The median time from
the study start date to the diagnosis of a new CVDRF
was 4.80 years (IQR: 2.68-6.92 years). Those with pre-
existing anxiety and/or depression developed a new
CVDRF sooner than individuals without, even after
adjustment for components of the primary model
(b ¼ �0.486 years [95% CI: �0.62 to �0.35], P < 0.001)
and for antidepressant medications (Table 2).
Moreover, a cumulative effect of anxiety/depression
on the timing of the development of a new CVDRF
was observed (Figure 2). Anxiety/depression addi-
tionally were associated with an accelerated devel-
opment of each of the CVDRFs tested individually
(Supplemental Table 6). Sensitivity analyses
excluding individuals with pre-existing CVDRFs, or
using consent date as study start date, showed similar
findings (Supplemental Tables 3 and 4).

RELATIONSHIP BETWEEN ANXIETY, DEPRESSION,

DEVELOPMENT OF CVDRFs, AND INCIDENT MACE.

The distribution of MACE and MACE subtypes is
reported in Supplemental Table 7. Anxiety, depres-
sion, number of CVDRFs developed, and timing of
CVDRF development were independently associated
with increased risk of MACE (Supplemental
Table 8). Survival free from incident MACE was
significantly greater in patients without depression/
anxiety (difference of proportion free from new
MACE at 10 years: 2.3% [95% CI: 0.5%-3.2%],
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TABLE 3 Development of CVDRFs Mediates the Association Between Anxiety and/or Depression and 10-Year Risk of MACE in the Overall Population and Across Subgroups

Stratified by Age and Sex

Predictor Mediator Outcome Subgroup N

Direct Pathway
(ie, excluding CVDRFs developed)

Indirect Pathway
(ie, mediated by CVDRFs developed)

b (95% CI) P Value b (95% CI) Percentage P Value

Anxiety and/or depression Number of CVDRFs developed MACE All patientsa 30,248 0.2040 (0.0928-0.3152) 0.003 0.0440 (0.0342-0.0547) 17.7% <0.05

Younger
femaleb

8,159 0.1912 (�0.1318;0.5143) 0.2459 0.0544 (0.0143-0.0924) 22.1% <0.05

Younger
maleb

5,268 0.2128 (�0.1290;0.5546) 0.2223 0.0402 (0.0104-0.0754) 16.6% <0.05

Older femaleb 9,844 0.1504 (�0.0108;0.3115) 0.0674 0.0207 (0.0067-0.0.358) 12.1% <0.05

Older maleb 6,977 0.0357 (�0.1637;0.2352) 0.7257 0.0069 (�0.0152;0.0293) NA >0.05

Boldface values represent statistical significance (P < 0.05). aAnalysis is adjusted for the components of the primary model (age, sex, pre-existing CVDRFs, lifestyle factors, and smoking) bAnalyses are adjusted for pre-
existing CVDRFs, lifestyle factors, and smoking. Lifestyle factors: body mass index, insomnia, and physical activity. CVDRFs: hypertension, hyperlipidemia, diabetes mellitus. “Younger” and “older” was defined according to
the median age for each sex. For patients who develop CVDRFs, only MACE occurring after development of the new CVDRFs are considered.

CVDRF ¼ cardiometabolic cardiovascular risk factor; MACE ¼ major adverse cardiovascular event; b ¼ log-odds.
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P < 0.001) (Supplemental Figure 2). Mediation
analysis showed that, overall, the number of
CVDRFs gained explained 17.7% of the association
between anxiety/depression and MACE, indepen-
dently from demographic factors and health be-
haviors (Table 3).

In sensitivity analyses evaluating coronary end-
points (myocardial infarction, unstable angina, and
coronary revascularization), anxiety/depression were
associated with increased risk of coronary events (OR:
1.25, [95% CI: 1.08-1.44], P ¼ 0.02). The development
of CVDRFs explained 41.7% of the association be-
tween anxiety/depression and coronary events (in-
direct pathway: log odds 0.0853 [95% CI: 0.0677-
0.1032]; P < 0.05).

AGE AND SEX EFFECTS IN THE RELATIONSHIPS BETWEEN

ANXIETY, DEPRESSION, CVDRFs, AND MACE. Significant
age and sex interactions were noted for anxiety/
depression-attributable development of CVDRFs
(P < 0.001 and P < 0.001, respectively) (Table 4).
Thereafter, the population was stratified according to
age and sex; median age was used to define
“younger” versus “older” (ie 48.80 years for women
and 52.97 years for men). Baseline characteristics of
these groups are reported in Supplemental Table 9.
Overall, younger females experienced the highest
anxiety/depression-associated risk of developing
CVDRFs (OR: 2.14 [95% CI: 1.87-2.44], P < 0.001,
Central Illustration C). Adjustment for socioeconomic
variables did not significantly change the results
(Supplemental Figure 3). Notably, in absolute terms
(ie, the proportion of patients who developed a new
CVDRF), the development of a new CVDRF was more
frequent among older males, as expected. However,
the greatest impact of anxiety and/or depression on
the absolute risk of developing a new CVDRF was
observed among younger females (þ106.8%; P < 0.05)
(Supplemental Figure 4).

The impact of anxiety/depression on the timing of
development of CVDRFs was also greater among
younger women (Supplemental Figure 5), though the
interaction term was not-significant (P for
interaction ¼ 0.129).

Younger females showed the highest risk for MACE
related to anxiety/depression (Supplemental
Figure 6). Accordingly, we sought to test whether
differences in the development of CVDRFs contrib-
uted to the observed age and sex variations of MACE
risk. Within each age/sex subgroup, the highest
mediated effect (ie, the proportion of the total effect
of depression/anxiety on MACE risk mediated by the
development of CVDRFs) was found in younger fe-
males, among whom the number of CVDRFs devel-
oped accounted for 22.1% of the association between
psychiatric conditions and MACE (Table 3).

ACTIVITY WITHIN NEURO-IMMUNE PATHWAYS IN THE

RELATIONSHIP BETWEEN ANXIETY, DEPRESSION, AND

DEVELOPMENT OF CVDRFs. Next, we investigated
potential pathways involved in the relationship be-
tween anxiety/depression and development of
CVDRFs. Notably, in the smaller “mechanistic co-
horts”, pre-existing anxiety/depression were simi-
larly associated with an increased risk of developing
new CVDRFs (Supplemental Table 10).

AmygAC was assessed in 1,520 study participants
(49.6% females, median age 63.94 years [IQR: 54.81-
71.40 years], 50.0% with pre-existing anxiety/
depression). Higher AmygAC was associated with an
increased risk of developing new CVDRF after
adjusting for other predisposing factors (adjusted HR

https://doi.org/10.1016/j.jacadv.2024.101208
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TABLE 4 Age and Sex Determine Differences in 10-Yr Risk of Developing Cardiometabolic Cardiovascular Risk Factors

Predictor

Age Groups Sex Groups

Age < Mediana Age $ Mediana
Interaction
with Ageb Femalec Malec

Interaction
With Sexd

10-Year Risk of Developing $1 CVDRFs

OR (95% CI) P Value OR (95% CI) P Value P Value OR (95% CI) P Value OR (95% CI) P Value P Value

Depression 1.472 (1.311-1.653) <0.001 1.128 (1.012-1.256) 0.029 <0.001 1.597 (1.452-1.757) <0.001 1.396 (1.195-1.631) <0.001 0.002

Anxiety 1.504 (1.336-1.693) <0.001 1.120 (1.004-1.249) 0.043 <0.001 1.665 (1.510-1.836) <0.001 1.488 (1.272-1.742) <0.001 0.002

Anxiety and/or
Depression

1.596 (1.441-1.769) <0.001 1.200 (1.091-1.319) <0.001 <0.001 1.785 (1.637-1.945) <0.001 1.467 (1.285-1.675) <0.001 <0.001

Boldface values represent statistical significance (P < 0.05). aAll analyses are adjusted for sex and for the other components of the primary model (pre-existing CVDRFs, lifestyle factors, and smoking). bThe
interaction terms¼ predictor*age [$versus<median]. cAll analyses are adjusted for age and for the other components of the primary model (pre-existing CVDRFs, lifestyle factors, and smoking). dInteraction
term ¼ predictor*sex. Lifestyle factors: body mass index, insomnia, and physical activity. CVDRFs: hypertension, hyperlipidemia, diabetes mellitus.

CVDRF ¼ cardiometabolic cardiovascular risk factor.
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1.13, [95% CI 1.01-1.27], P ¼ 0.033) (Supplemental
Table 11). This effect was mainly driven by the
higher risk of developing HTN and DM.

We additionally assessed hs-CRP and HRV, in
15,164 (61.3% females, median age 57.23 yrs [44.04-
67.24], 47.1% with pre-existing anxiety/depression)
and 11,455 (56.5% females, median age 58.85 yrs
[46.97-67.85], 53.4% with pre-existing anxiety/
depression) individuals, respectively. Both hs-CRP
and HRV associated with increased risk of devel-
oping new CVDRFs (Supplemental Table 11).

Given the age and sex differences reported in
the clinical cohort, we assessed the impact of
anxiety/depression on neuro-immune pathways
across different age and sex groups. Though sig-
nificant age and sex differences were found only
for autonomic nervous system function, the impact
of anxiety/depression on neuro-immune pathways
was overall more pronounced in younger women
(Figure 3).

DISCUSSION

The study demonstrates that anxiety/depression are
significantly associated with an accelerated develop-
ment of new CVDRFs, independently of potential
confounders such as health behaviors and medica-
tions prescribed for anxiety/depression. Further, we
observed that neuro-immune pathways associated
with stress contribute to the anxiety/depression-
associated development of CVDRFs. Furthermore,
the link between anxiety/depression and MACE was
mediated by the development of CVDRFs. Notably,
these effects were particularly pronounced in
younger women, suggesting a potential mechanism
to explain prior observations that the CVD risks of
anxiety/depression are greatest among younger
women.19-21 Taken together, these findings provide
novel insight into the complex relationship between
anxiety/depression and CVD and highlight the need
for comprehensive interventions targeting mental
health and CVDRFs to reduce the risk of CVD associ-
ated with anxiety/depression.

ANXIETY/DEPRESSION INCREASE THE RISK FOR AND

ACCELERATE THE DEVELOPMENT OF CARDIOVASCULAR

RISK FACTORS. While previous studies have sepa-
rately, and primarily cross-sectionally, examined the
association between anxiety/depression and individ-
ual CVDRFs,3-7 our study investigated the collective
impact of these mental health conditions on the
development of these risk factors. Further, in
contrast to prior studies that focused on associations
between anxiety/depression and the risk of CVD it-
self,1,2 our study specifically examines the rate at
which individuals acquire CVDRFs. Our findings
demonstrate a significant impact of anxiety/depres-
sion on CVDRF development that is independent
from lifestyle factors and common35 antidepres-
sant medications.

Additionally, prior work suggests that the duration
of exposure to CVDRFs plays an important role in CVD
risk.36 To our knowledge, the current study is unique
in examining the influence of anxiety/depression on
the timing of CVDRF acquisition. We found that
anxiety/depression are independently and synergis-
tically associated with an accelerated acquisition of
new CVDRFs. The earlier development of CVDRFs has
important implications, as it extends the duration of
exposure to these risk factors and, ultimately, con-
tributes to adverse CVD outcomes.

Moreover, the current study provides insights into
mechanisms through which anxiety/depression may
contribute to the development of CVDRFs. Although
the exact underlying pathophysiological mechanisms
connecting anxiety/depression to the development of
CVDRFs are not fully understood, several factors have
been hypothesized.1 These include heightened stress-
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FIGURE 3 Age and Sex Modify the Relationship Between Psychiatric Conditions and Neuro-immune Pathways

(A) In younger participants, the presence of pre-existing anxiety and/or depression tends to determine a greater increase in AmygAc (P for interaction ¼ 0.058).

(B) Although younger females have the greatest relative increase in hs-CRP levels when pre-existing depression/anxiety is present, neither age nor sex significantly

modified the impact of depression/anxiety on hs-CRP. (C) In younger participants, the presence of pre-existing anxiety and/or depression determined a significantly

greater increase in HRV (P for interaction ¼ 0.06). Among these, the effect is stronger in female (P for interaction ¼ 0.037). Mean values of AmygAc, HRV, and CRP are

reported. Error bars represent 95% CI. Age is divided according to the median age of each study cohort. *P < 0.05; anx/dep ¼ anxiety and/or depression;

AmygAc ¼ amygdalar to ventromedial prefrontal cortical activity ratio; HRV ¼ heart rate variability; hs-CRP ¼ high sensitivity C-reactive protein; ns ¼ not significant

Civieri et al J A C C : A D V A N C E S , V O L . 3 , N O . 9 , 2 0 2 4

Cardiovascular Risk Factors in Anxiety and Depression S E P T E M B E R 2 0 2 4 : 1 0 1 2 0 8

10
related neural activity,11,12 autonomic nervous system
dysfunction,13 chronic inflammation,14,15,18 and
behavioral mechanisms such as diet, smoking,
insomnia, and physical inactivity.26,27 Our findings
support these hypotheses and suggest that
heightened neuro-immune pathways associated with
anxiety/depression (such as stress-related neural ac-
tivity,10 autonomic nervous system dysfunction,16

and inflammation15,17,18) associate with the develop-
ment of new CVDRFs.
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DEVELOPMENT OF CVDRFs MEDIATES THE EFFECTS

OF ANXIETY/DEPRESSION ON CARDIOVASCULAR

EVENTS. Anxiety/depression are independent risk
factors for the occurrence of MACE.1,2 Herein, we
observed that anxiety/depression leads to MACE in
part via development of CVDRFs, independently from
demographics and health behaviors. Moreover, we
observed that the greatest mediated effect was among
younger women. This, together with the other find-
ings, suggests that anxiety/depression may exert
relatively larger effects in neuro-immune pathways
that enhance the development of CVDRFs in this
subgroup, which in turn mediate the development of
MACE. This could provide a potential mechanism
explaining the high CVD risk associated with anxiety/
depression in younger female.19-21 Our findings might
have important clinical implications. Indeed, earlier
screening for CVDRFs among individuals with anxiety
or depression might reduce CVD risks.

AGE AND SEX MODIFY THE RELATIONSHIP BETWEEN

ANXIETY/DEPRESSION AND CARDIOVASCULAR RISK

FACTORS. Recently, the prevalence of anxiety/
depression has increased in young adults.37,38

Concurrently, a rising burden of CVDRFs in young
adults has been reported,39 especially in females,40

which translates into an increased incidence of CVD
among these individuals.40 As a possible connection
to these prior epidemiological observations, we found
that anxiety/depression are more strongly associated
with the acquisition of new CVDRFs among
younger women.

Several factors can explain our findings of larger
impact of anxiety/depression on cardiometabolic risk
among younger individuals and women.22,41,42 In
women and in younger individuals, anxiety/depres-
sion tend to be more severe43,44 and may associate
with greater biological consequences.45,46 In our
study, the greatest impact of anxiety/depression on
neuro-immune pathways of stress was found among
younger women, potentially contributing to the
higher relative risk of developing CVDRFs. It should
be noted, however, that younger women without
anxiety/depression tend to have the healthiest values
for AmygAC, HRV, and CRP. Nevertheless, in this
group, anxiety/depression induced a catch-up phe-
nomenon with neuro-immune values that approach
those of men and older women, thus explaining the
heightened relative risk of developing new CVDRFs
and the subsequent heightened relative CVD risk.

STUDY LIMITATIONS. This study carries the inherent
limitations of a retrospective observational design,
and causality cannot be derived from our results.
Though we accounted for many pertinent
confounders, residual confounding cannot be
excluded. Moreover, data about physical activity are
not available for all patients and adjustment for this
covariable reduced sample size. Mortality was also
not investigated. Diagnoses were based on ICD codes,
which may be subject to misclassification However, in
a sensitivity analysis using diagnoses of depression
obtained via natural language processing, similar re-
sults were obtained. Further, the ICD codes do not
provide data on disease severity. However, we pro-
vide data on the co-occurrence of depression and
anxiety, which may represent a surrogate for affec-
tive disorder disease severity47 and has been shown
to be associated with a heightened risk of affective
disease-related adverse health conditions.48 Addi-
tionally, patients with anxiety/depression might seek
medical attention more frequently than those
without psychological maladies. This factor might
contribute to the increased new diagnosis of CVDRFs
noted among individuals with anxiety/depression.
Still, it would not explain the link between the
accelerated gain in CVDRFs and the development of
incident MACE. We also used dates of the first pre-
scription of antidepressants and do not know for how
long this therapy was continued or patients’ adher-
ence to these medications. Moreover, we did not
evaluate the role of anxiolytic medications or psy-
chological interventions: additional studies on this
aspect are needed.49 Further, data about the number
of patients lost during follow-up is unavailable; we
posit that patients without new ICD codes during the
follow-up were less likely to have experienced new
diagnoses or events. This could have eventually led to
an underestimation (but not an overestimation) of the
association between anxiety/depression and the
development of CVDRFs. Lastly, mechanistic ana-
lyses were performed in a sample of participants for
whom such data were available as part of clinical care.
Therefore, ascertainment bias cannot be excluded.

CONCLUSIONS

This study demonstrates that anxiety and depression
are associated with an accelerated development of
CVDRFs, independently of health behaviors and
medications. This development of CVDRFs signifi-
cantly contributes to the observed heightened CVD
risk and appears to be mediated by neuro-immune
mechanisms. Notably, important age and sex effects
exist, whereby the impact of anxiety/depression on
neuro-immune mechanisms and the development of
CVDRFs appears to be greatest in younger women.
Together, these findings help clarify the pathogenic
links between anxiety, depression, and CVD and



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Important neuroimmune pathways underlie the asso-

ciation between anxiety, depression, and cardiovas-

cular risk. Specific treatment of these pathways may

reduce the cardiovascular risk associated with anxiety

and depression.

COMPETENCY IN PATIENT CARE: A close

screening of cardiovascular risk factors should be

performed in subjects with anxiety and depression.

Younger female, although generally being at low risk

of developing cardiovascular risk factors, are particu-

larly susceptible to the cardiometabolic effects of

anxiety and depression,
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underscore a need for tailored screening and pre-
ventive measures among individuals with anxiety
and depression.
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