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ARTICLE INFO Abstract
 

Anxiety is the most common mental health disorder in the United States, affecting 
nearly a third of the population. As for depression, it is associated with increased 
risk of incident coronary heart disease (CHD) and poor cardiac prognosis. The 
pathophysiological mechanism underlying this “deleterious” association is not well 
defined. While several hypotheses have been proposed, few seem proven in original 
studies. A narrative literature review was thus performed to identify all original studies 
that looked at any biomarkers that can be implicated in the relation between anxiety 
and CHD. Surprisingly, only four cohorts or observational studies on anxiety and CHD 
reported biophysiopathological variables. Of the overall populations studied, only 15% 
were women. In term of biomarkers, plasma lipid levels, C-reactive protein, cortisol, 
norepinephrine, body mass index, blood pressure and heart rate variability were mostly 
not significantly different between anxious patients and controls. Only two variables, 
myocardial perfusion and coronary artery calcium, were found different between the 
two groups. In summary, underlying biomarkers explaining the increased risk of CHD 
in anxious patients are still poorly understood. Although based on very limited data, 
myocardial perfusion and coronary artery calcium seem to be plausible biomarkers. 
Clearly, more studies are needed to better understand this problematic, especially in 
women. This step is essential so that  personalized care for patients with both anxiety 
and CHD can be implemented. 

Abbreviations: BMI: Body Mass Index; CHD: Coronary Heart Disease; CRP: C-reactive 
Protein; DBP: Diastolic blood pressure; DSM: Diagnostic and Statistical Manual of Men-
tal Disorders; GAD: Generalized Anxiety Disorder; HDL: High-Density Lipoprotein; HRV: 
Heart Rate Variability; LDL: Low-Density Lipoprotein; MACE: Major adverse cardiac 
events; NE: Norepinephrine; PTSD: Posttraumatic Stress Disorder; SBP: Systolic Blood 
Pressure; TG: Triglyceride
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Introduction
Anxiety disorders are the most common mental health 

disorders in the United States (28.8%) [1] and are even more 
prevalent in patients with cardiovascular disease (CVD)(37%) [2].  
The relationship between anxiety and cardiovascular disease is 
complex and bidirectional. On one side, having a cardiovascular 
disease can lead to anxiety. On the other side, having anxiety 
or Posttraumatic Stress Disorder (PTSD) is associated with 
both incident Coronary Heart Disease (CHD) and poor cardiac 
prognostic [3,4]. Considering CHD is the primary cause of death in 
the USA [5] and neuropsychiatric conditions are the leading cause 
of invalidity [6], this “deleterious” association is a major social 
concern. Surprisingly, there are only a few studies regarding the 
link between confirmed anxiety disorders and CHD development. 

Most studies seem to target depression, hostility, or 
stress. Moreover, although several hypotheses linking anxiety 
to cardiovascular diseases have been proposed [7-10], the 
physiopathological mechanisms responsible for linking these 
two pathologies remain to be specified. This step is crucial so 
that research can evolve to explore novel treatment options that 
may be more specific/personalized for patients suffering from 
both anxiety and CHD. Fortunately, in the field of depression, two 
recent studies point out that untreated depression, rather than 
depression itself, is associated with poorer cardiac outcomes 
[11,12]. Underlying mechanisms explaining a poor CHD prognosis 
have also been mostly studied in depression or self-reported stress. 
To illustrate the relative contribution of scientific research in each 
field, an advanced search  in MEDLINE with “depression, CHD and 
biomarker” yielded 3500 articles. The number rose to 7289 when 
the term “depression” was replaced by “stress.” 

However, when using terms “anxiety disorders” and/or “PTSD,” 
only 205 articles were found (for ease of reading, only anxiety 
disorders will be mentioned from now on and will include PTSD). 
This suggests that clinical populations of patients with both anxiety 
disorder and CHD are understudied. It was decided to focus on 
confirmed anxiety disorders since some studies suggested that 
confirmed, and not self-reported elevated anxiety symptoms, were 
associated with poor cardiac outcomes [4]. More importantly, 
confirmed anxiety disorder increases homogeneity across studies 
since elevated anxiety on self-reported questionnaires can 
represent personality suffering, for example. Inflammatory markers 
[13,14], thyroid hormones [15,16], hypothalamic—pituitary—
adrenal (HPA) axis [17], brain-derived neurotrophic factor (BDNF) 
[18,19] and autonomic nervous system hormones [20] have all 
been documented to impact CHD prognosis as well as being altered 
by the presence of anxiety disorders, although in separate studies. 

Furthermore, Heart Rate Variability (HRV), the physiological 
variation of heartbeats intervals, coronary artery calcium score and 

coronary flow reserve have been proposed as possible underlying 
biomarkers responsible for the association between anxiety and 
cardiovascular diseases [21-23]. A narrative review of the literature 
was conducted to gather all available information to clarify current 
understanding of this important “deleterious” association. 

Methods 
Although this a narrative literature review (vs. systematic), the 

PRISMA search strategy was used as a model to conduct this review 
[24].

Eligibility Criteria	

The study population had to present an anxiety disorder before 
the cardiac endpoint was measured. The method used to assess 
the presence of anxiety disorder (questionnaires or interview 
with a psychiatrist) had to be clearly mentioned. Either infarction, 
coronary heart disease, coronary revascularization, Major Adverse 
Cardiac Events (MACE) or mortality had to be part of the outcomes 
studied. A biochemical marker (e.g., levels of catecholamine, 
inflammatory proteins) or pathophysiological functional or 
approximate marker (e.g., HRV, coronary artery calcium, coronary 
flow reserve) had to be reported in anxiety and control groups. 
Finally, studies or publications in the form of literature reviews or 
systematic reviews were excluded.

Search Strategy

Publications were identified by a search of Medline, PsycINFO 
and CINAHL. Exact search strategies may be found in the 
supplementary material. Results were restricted to publications in 
English or French. The first search was performed June 21, 2019, 
and the last search was conducted on June 27, 2019. Reference lists 
of relevant publications were examined by manual searches.

Study Selection

A flow diagram of the study selection process is presented in 
Figure 1. Research through MEDLINE, PsycINFO and CINAHL da-
tabases yielded a total of 635 articles. Among selected articles, re-
views of literature or meta-analysis were examined for cross-refer-
ences. After duplicates removal, titles and abstracts were screened 
for eligibility criteria by authors AS. PB., S.C. and MJ. M. Publications 
with unclear inclusion status were assessed by a third independent 
author (J.B.). Full text was examined for the remaining publications. 

Data Extraction Procedure

We developed a data extraction template that was used by two 
authors (AS.PB. and S.C.) to extract the following data: type of anxiety 
disorders studied, method used for assessing anxiety disorders/
PTSD, number of participants, demographic characteristics (male/
female distribution, mean age), biomarkers and type of outcomes 
(CHD incidence, MACE or death). 

http://dx.doi.org/10.26717/BJSTR.2019.23.003844
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Figure 1: PRISMA flow diagram of literature review.

Quality Assessment

Two authors (AS. PB. and MJ. M.) independently assessed 
the risk of bias in each study with the Newcastle-Ottawa Quality 
Assessment Scale [25]. Each category ranged from zero (definite 
or unclear risk of bias) to one star (no risk of bias). Total score 
was then calculated; an article was deemed good quality if it had 
three or four stars in the selection domain, one or two stars in 
the comparability domain and two or three stars in the outcome/
exposure domain. We only included studies with a good quality. 

Results

Characteristics of Included Studies

A total of 635 articles were found through database searches 
after duplicates removal. The cross-referencing allowed us to 
increase the number of potentially interesting articles to 1420 (785 
additional articles). Figure 1 depicts the PRISMA flow diagram 
illustrating the study selection process [24]. 1207 articles were 
first excluded based on title and abstracts and 209 items were 

further excluded after full-text examination. Four items were 
thus included in our literature review. The four selected studies 
were either cohort or descriptive studies. Four other articles were 
found to be interesting in terms of biomarkers studied but did not 
meet the eligibility criteria; either there was no cardiac endpoint 
measured or it wasn’t a confirmed anxiety disorder but rather 
anxiety symptoms. Those articles will be discussed further in the 
discussion section but were not included in this review.

Increased Risk of Coronary Heart Disease in Anxiety 
Disorders Patients

Overall, there was a significant augmentation of CHD or poor 
cardiac prognosis in anxiety disorder patients reported in all four 
articles. Frasure Smith et al. [4] showed that patients with General-
ized Anxiety Disorder (GAD) and stable CAD were 2.4 times more 
likely to experience MACEs two years after acute coronary syn-
drome [Unadjusted odds ratio; 95 % CI : 1.2 ; 5.0]. This association 
remained significant after adjusting for a number of covariables 
including age, sex, current daily smoking, and severity of CHD at 
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baseline. Martens et al. [21] found an annual rate of cardiovascular 
events in patients with GAD of 9.6% compared to 6.6% in the pa-
tients without GAD (p=0.03). Finally, Vaccarino et al. [23] reported 
that the incidence of CHD was twice as high in patients with PTSD 
as in those without PTSD (22.6% vs. 8.9%, p <0.001). 

Biomarkers Studied in CHD-Anxiety Population

Table 1 summarizes the current state of knowledge on bio-
markers possibly linked to poor CHD outcome in patients suffering 
from anxiety disorder. Among the selected articles, 3/4 reported 
high-density lipoprotein (HDL) [4,21,22], 2/4 low-density lipopro-
tein (LDL) [21,22], 1/4 total cholesterol [22] and 2/4 triglycerides 

[4,22]. The inflammation marker C-Reactive Protein (CRP) was 
found in only 1/4 reference [21]; body mass index (BMI) was re-
ported in 4/4 studies [4,21-23] while systolic and diastolic blood 
pressures in 2/4 studies [4,22]. 24-hour urine output of cortisol 
and Norepinephrine (NE) as well as HRV were reported once, in 
the same study [21]. One article measured coronary artery calci-
um in PTSD versus control patients [22] and another measured the 
coronary flow reserve [23]. Only 2/4 papers [22,23] had a primary 
focus on the biomarker (coronary artery calcium or coronary flow 
reserve). All other biomarkers were documented as baseline char-
acteristics.

Table 1: Summary of included studies in relation with the coronary heart disease outcome and biomarkers. 

Studies PTSD / anxiety 
disorder

Control 
group n

Male 

(%)
Population Diagnostic meth-

od  (Q or I)

Outcome

Adjusted ratio
Biomarkers

Frasure-Smith  
(2008)                        
Canada

Anxiety disorder

(GAD)
No anxiety 43 / 761 81 

Patients from the 
Montreal Heart Insti-
tute and Sacré-Coeur 

Hospital

Structured Clinical 
Interview for 

DSM-IV 

(I)

MACE 

OR 2.46  
[95% CI: 1.14; 

5.3] 

HDL ↔                         
TG ↔

SBP ↔

DBP ↔

BMI ↓

Martens (2010)                        
USA

Anxiety disorder

(GAD)
No anxiety 106 / 909 67 

Patients from 12 out-
patient clinics in the 

San Francisco Bay Area

Diagnostic Inter-
view Schedule for 

DSM-IV 

(I)

Cardiovascular 
events

HR 1.74  
[95% CI: 1.13; 

2.67]

HDL ↔

LDL ↔

HRV ↔                   
Cortisol ↔    

NE ↔                                   
CRP ↔   

BMI ↔

Ahmadi (2011)                          
USA PTSD No PTSD 88 / 549 88 Veterans

PTSD Checklist–
Military  Clinician 

Administered 
PTSD Scale        

(Q)

Death

RR 2.28 
[95% CI: 1.19; 

4.37]

HDL ↓

LDL ↔

Cholesterol ↓

TG ↔

Coronary artery 
calcium ↑

SBP ↔

DBP ↔

BMI ↑

Vaccarino (2013)              
USA PTSD No PTSD 137 / 425 100

Male twins from the 
Vietnam Era Twin 

Registry

Diagnostic Inter-
view Schedule for 
psychiatric disor-
ders according to 
DSM-III-R criteria 

(I)

CHD

OR 2.2  
[95% CI: 1.2; 

4.1]

Coronary flow  
reserve ↓

BMI ↔

Note: Study and population characteristics (with n= number of patients in the population) as well as diagnostic methods are presented 
in this summary table. Difference between anxiety disorder/PTSD vs. control group on biomarkers (↑, ↓, ↔) is presented as well as 
the CHD outcome. 
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Blood Lipids 

HDL, often called the “good” cholesterol [26], was not different 
in 2/3 articles reporting HDL [4,21]. The other study showed 
significantly decreased HDL in patients with PTSD versus non-
PTSD (38 vs. 44 mg/dL, p = 0.005) [22]. LDL, the “bad” cholesterol 
[27], was not different between anxiety patients and controls in 
all 2/2 studies that measured it [21,22]. Total cholesterol, another 
risk factor for CHD [28], was mentioned in one article [22] in which 
levels were significantly decreased in patients with PTSD compared 
to controls (163 vs. 174 mg/dL, p = 0.04). High level of Triglycerides 
(TG) is a known risk factor for the development of cardiovascular 
diseases [27]. The levels of TG were equivalent in patients with 
anxiety disorder compared with those without anxiety in all 2/2 
articles that reported TG levels [21,22]. 

Cortisol, Norepinephrine and Heart Rate Variability

Martens et al [21] showed no difference between GAD patients 
and control group in terms of cortisol, NE levels or HRV. 

Inflammation

CRP, a systemic marker of inflammation [29] and a good 
predictor of cardiovascular events [30] showed no significant 
difference in the Martens et al study [21] in a group of patients with 
GAD versus controls.

Coronary Artery Calcium

Coronary artery calcium score is associated with long-term 
occurrence of MACE [31] and is a marker of atherosclerosis. Ahmadi 
et al. [22] screened 367 veterans without known CAD and showed 
that coronary artery calcium was significantly more prevalent in the 
PTSD cohort than in the non-PTSD cohort (76% vs. 59%, p =0.001). 

Coronary Flow Reserve

One study documented coronary flow reserve, an indicator of 
myocardial perfusion and a known risk factor of myocardial infarc-
tion [23]. Coronary flow reserve was significantly lower in twins 
with PTSD compared to their unaffected brother. In terms of pro-
portion, abnormal coronary flow reserve was more frequently re-
ported in twins with PTSD (43.5%) than in those without (24.7%, 
p <0.001).

Body Mass Index

High BMI has been associated in many studies with poor long-
term cardiovascular outcomes [32,33]. BMI was not statistically 
different in 2/4 studies [21,23] was lower in 1/4 study [4] and 
higher in another [22]. Indeed, Ahmadi et al showed that patients 
with PTSD had a mean BMI (kg/m2) of 31.0 while patients without 
PTSD had a mean BMI of 29.3 (p=0.02). 

Blood Pressure

Hypertension is a known risk factor for cardiovascular disease 
[34-36]. The two papers [4,22] which reported blood pressure 
showed no significant difference between anxious and non-anxious 
patients.

Discussion	

Biomarkers: What Was Learned?

This literature review was conducted in order to gain better 
understanding of the pathophysiological mechanisms underlying 
anxiety disorders/CHD interaction. Our first observation is that 
this question is very little studied. To our surprise, only two studies 
selected biomarkers of CHD in anxious patients as a primary 
outcome [22,23]. The other papers documented biomarkers as 
baseline characteristics. Our second observation is that Brain-
Derived Neurotrophic Factor (BDNF) and thyroid hormones have 
not been measured in cohort or descriptive studies of CHD and 
anxiety disorder patients. The most common biomarkers reported 
were lipids (HDL, LDL, TG, and cholesterol, and TG). Interestingly, 
the lipid levels of anxious patients were generally not different from 
non-anxious patients. Only one study had documented a change in 
HDL levels as well as total cholesterol [22]. 

Whereas greater autonomic dysfunction (reflected by reduced 
HRV) [37], increased catecholamines [38,39] and cortisol levels [40] 
have already been associated with CHD in depressed patients, this 
was not the case in the one study in GAD patients (no difference for 
all these measures) [21]. BMI and blood pressure were also usually 
equivalent between groups in different studies and based on the 
evidence currently available, cannot explain the development of 
CHD in anxious patients. Furthermore, authors noticed that very 
few women were studied through the four included references, with 
an average female percentage as low as 15%. This difference is even 
more unaccountable given that women are up to twice as likely to 
have an anxiety disorder as men [41]. As heart disease is the top 
killer in women [42] and that there is a known gender difference in 
the clinical presentation [43], it will be important in the future to 
include more women in the studies in order to investigate a more 
representative population.

Hints from other studies
Some excluded studies (absence of reported coronary 

heart disease, MACE or death overtime) compared baseline 
characteristics of anxious versus non-anxious participants and 
calculated theoretical 10-year risk of CHD or odds ratio of different 
outcomes. Dzubur Kulenovic et al. [44] reported levels of different 
lipids. LDL, TG and total cholesterol were significantly higher, 
and HDL lower, in PTSD patients. Their theoretical ten-year risk 
was significantly higher than the group without PTSD (19.4 vs 
9.7, p < 0.001). This is expected because the lipid levels suggest 
increased risk (low HDL, high LDL and TG) Solter et al. [45] found 
similar results with regards to lipids measurement between PTSD 
and major depressive disorder patients as compared with PTSD 
patients having degraded lipid profile. Turner et al. [46] studied 
myocardial ischemia as outcome between PTSD and non-PTSD 
patients. Patients with a diagnosis of PTSD were 2.4 times more 
likely to have myocardial ischemia compared to patients without 
PTSD [Adjusted odds ratio; 95% CI: 1.3; 4.2]. At baseline, plasma 
lipid levels were equivalent, except for higher triglycerides in the 
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PTSD group. Also, CRP levels were increased in PTSD patients (2.7 
vs. 2.4 mg/L, p = 0.02). 

Shen et al. [47] showed that each standard deviation (SD) 
increase in anxiety levels predicted myocardial infarction incidence 
with a multivariate relative risk of 1.4 [95 % CI: 1.2; 1.8]. In their 
paper, there was no significant difference between anxious and 
non-anxious patients for fasting glucose. It is known that impaired 
fasting glucose is a predictor of coronary heart disease [48]. It was 
also not significantly correlated with overall anxiety. A slightly lower 
pressure in anxious patients compared to non-anxious patients was 
also reported. They demonstrated a significant (p < 0.05) negative 
correlation with overall anxiety for both systolic and diastolic blood 
pressure (-0.08 and -0.09, respectively) with a mean blood pressure 
of 128.7 over 78.7 mm Hg.

Unfavorable lipid profile and CRP level reported in these studies 
are conflicting with results found in the narrative literature review. 
To explain this difference, two hypotheses have been put forward. 
In the first place, it was thought that patients had potentially less 
optimal lifestyle habits (smoker, alcohol consumption, sedentary 
lifestyle, etc.) in studies with unfavorable profile versus favorable 
profile. This hypothesis was proved false after verification as 
populations were similar in terms of lifestyle. Also, as the different 
biomarkers were calculated either as basic characteristics or as 
main outcome, insufficient statistical power could have contributed 
to the difference. Once again, this hypothesis was infirmed as 
number of patients was similar between studies.

Limitations
The exact search strategy used by the authors was carried out 

using biomarkers known to have been studied in the field of anxiety 
and heart disease. Therefore, articles that dealt with biomarkers 
that the authors did not know about may have been missed out. 

Conclusion
There is no doubt that CHD and MACE are more important in 

patients with anxiety, an association repeatedly proven through 
different studies. The literature is however very sparse in relation 
to possible biomarkers that could explain the occurrence of long-
term heart disease in anxious patients. We found only four studies 
which measured biomarkers in anxiety disorder patients with 
regards to CHD outcome. Of the four, only two were specifically 
designed to address this question. Plasma lipid levels, CRP, cortisol, 
norepinephrine, body mass index, blood pressure and heart rate 
variability were mainly similar between anxious patients and 
controls. No study has measured thyroid hormones and BDNF. 
Although based on very limited data, coronary flow reserve and 
coronary artery calcium seem to be plausible biomarkers underlying 
high rate of CHD in anxiety disorder patients. The door is wide open 
for future studies on the subject so that hints into novel treatment 
options may be explored for patients suffering from both anxiety 
and CHD. Future studies should focus on wider range of biomarkers 
with sufficient statistical power. It is also an urgency to include 
equivalent number of women in these studies, since heart disease 

is the number one killer in women [42] and that there is a known 
gender difference in the clinical presentation (Appendix) [43].
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