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Abstract

Objective—Depression and anxiety are considered risk factors for cardiovascular disease (CVD); 

however, the explanatory mechanisms are still to be characterized. One proposed 

pathophysiological pathway is dysregulation of the autonomic nervous system, including 

heightened sympathetic nervous system (SNS) activity. This study examined the relationship 

between symptoms of depression, anxiety and SNS activity in individuals with untreated high 

blood pressure.

Methods—140 participants with untreated high blood pressure (55% White, 38.5% Female, 

mean age ± SD: 45.5±8.55 years) collected urine over a 24-hour period on 3 separate occasions. 

Urine samples were assayed for mean 24-hour epinephrine (EPI24) and norepinephrine (NE24) 

excretion. Depressive symptoms were assessed using the Beck Depression Inventory, with anxiety 

symptoms assessed by the Spielberger State-Trait Anxiety Inventory.

Results—Depression and anxiety scores were inter-correlated (r = .76, p < .001). EPI24 was 

positively correlated with anxiety (r = .20, p = .02) but not depression (r = .02, p = .77), while 

NE24 was not correlated with anxiety (r = .10, p = .21) or with depression (r = .07, p = .39). 

Regression models, accounting for gender, Age, BMI, race, mean systolic ambulatory blood 

pressure, tobacco use, alcohol use, physical activity, and sleep efficacy confirmed that anxiety was 

associated with EPI24 excretion (p = .023), and that depressive symptoms were not (p = .54).

Conclusions—Anxiety was associated with heightened sympathoadrenal activity, suggesting a 

biological pathway through which anxiety could increase CVD risk. Anxiety and depression may 

confer increased CVD risk via different mechanisms.
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Introduction

Cardiovascular disease (CVD) is the most common cause of morbidity and mortality in the 

United States (1). In addition to traditional CVD risk factors, including smoking, obesity and 

physical inactivity, accumulating evidence now exists indicating that depression is a risk 

factor for the development and exacerbation of CVD (2, 3), and other acute coronary 

syndromes (ACS) (4). Anxiety also is associated with increased risk of mortality in CVD 

patients (2, 1–7) as well as in otherwise healthy populations (8). There is considerable 

overlap between symptoms of anxiety and depression (9), with anxiety disorders often co-

occurring with depression (10). Importantly, the presence of both elevated depressive 

symptoms and elevated anxiety further heightens the risk of mortality in patients with CVD 

(2), as well as in healthy populations (11).

The mechanisms responsible for the association between depression, anxiety and CVD risk 

have not been fully elucidated, but evidence suggests that the dysregulation of the autonomic 

nervous system (ANS) may be one plausible physiological pathway (12). For example, 

depressed CAD patients have an elevated incidence of ventricular tachycardia in contrast to 

their non-depressed counterparts (13). Increased SNS activation is detrimental to 

cardiovascular health, as evidenced by triggering cardiac arrhythmias and sudden cardiac 

death (14, 15), and may also lead to increased risk of morbidity and mortality through 

promotion of vascular injury and inhibition of normal healing (16). Depressed psychiatric 

patients have been shown to exhibit increased levels of both plasma (17) and urinary 

norepinephrine (NE) (18, 19), and depressed CAD patients exhibit elevated norepinephrine 

excretion (20). However, other studies have found no evidence that depressive symptoms 

and diagnoses are linked to hyperactivity of the SNS (21–23).

Anxiety disorders may be even more common than depression in the US population with 

estimates of a lifetime prevalence of approximately 29% (24). Moreover, anxiety is highly 

prevalent in cardiac populations, with estimates ranging from 25% to 44% (25). A recent 

meta-analysis revealed that, like depression, anxiety is also a risk factor for CHD (6), with 

heightened anxiety in the 3 month period following MI being predictive of future cardiac 

events and mortality (7). Anxiety has been linked to reduced parasympathetic nervous 

system control of heart rate in several different study samples, including patients with 

anxiety disorders (26), CHD (27), as well as healthy volunteers (28). Elevated SNS activity 

also may contribute to increased CVD risk associated with anxiety symptoms and diagnoses 

(19, 21–32). However, regarding epinephrine specifically, there is evidence that its chronic 

administration improves glucose tolerance, lowers blood pressure and increases muscle 

growth (33).

The studies that have investigated the relationships between urinary catecholamines and 

depression and anxiety have done so in either depressed populations, or populations with 

existing documented CVD. The current study aims to further this area of research by 

investigating these relationships in a population that are at risk for CVD development. 

Further, given the considerable overlap between the symptoms and frequent co-morbid 

presence of anxiety and depression (9, 10), and associated heightening of CVD-related 
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mortality (2, 11), this study also will examine the relationship between urinary 

catecholamines and both anxiety and depressive symptoms.

The objective of the present study was to examine the relationship between symptoms of 

depression and anxiety and 24-hour urinary catecholamine excretion in a secondary analysis 

of a study sample of men and women with untreated high blood pressure. We hypothesized 

that elevated symptoms of depression assessed using the Beck Depression inventory (BDI; 

(34)), and elevated symptoms of anxiety assessed by the Spielberger State–Trait Anxiety 

Inventory (STAI; (35)) would be associated with heightened 24-hour urinary NE and EPI 

excretion.

Methods

Participants

The study sample consisted of 140 participants who were recruited as part of a larger study 

examining blood pressure dipping, full details of which can be found elsewhere (see (36, 

37)). Data collection was completed from 2001–2009. Participants were recruited from the 

general population within a 30-mile radius of Duke University Medical Center (DUMC) by 

posting of study flyers in regional family medicine clinics, as well as through newspaper 

advertisements. Inclusion criteria were clinic systolic BP (SBP) 130–159mmHg and/or 

diastolic BP (DBP) 85–99mmHg (which includes the JNC 7 criteria for Stage 1 

hypertension and the upper half of the range defined for prehypertension). The full exclusion 

criteria can be found elsewhere (36, 37) but, included BMI greater than 35kg/m2, alcohol or 

drug abuse or use of antihypertensive medication within 12 months, oral contraceptive use, 

pregnancy, use of hormone replacement therapy, diabetes mellitus, current use of 

cardiovascular medications and cardiovascular conditions including heart failure, pacemaker, 

atrial fibrillation, myocardial infarction, percutaneous coronary intervention or coronary 

artery bypass graft surgery within 6 months of enrollment; or inability to provide informed 

consent. Women who reported being amenorrheic for at least 12 months prior to the 

commencement of the study, or surgical menopause, were classed as post-menopausal. The 

study protocol was approved by Duke University Health System (DUHS) Institutional 

Review Board. All eligible individuals provided written informed consent prior to 

participation in the study.

Assessment of Depression and Anxiety

Depressive symptoms were assessed using the BDI (34), which is a self-report measure 

consisting of 21 items, with response options for each item reflecting varying degrees of 

depressive symptoms. Numerical values for each depressive symptom are summed for a total 

depressive symptoms score. The BDI is related to clinical ratings of depression (38), with a 

BDI score > 10 previously shown to detect psychiatric depression with moderate sensitivity 

and high specificity (39). The BDI has been shown to be a reliable, valid, and sensitive 

measure of depressive symptoms (34, 38). In cardiac populations, depressive symptoms 

assessed using the BDI have been related to adverse clinical outcomes (41–43). The 

Spielberger State-Trait Anxiety Inventory (STAI) is a 40-item inventory that is used to assess 

state and trait anxiety symptoms. The state anxiety components assess how responders feel 
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in their current state (35) while trait anxiety assesses more generalized anxiety (35), and was 

the focus of the current study. The BDI reports high internal consistency, as demonstrated by 

Cronbach alpha scores of α=.91 (44). Likewise, the STAI also reports high internal 

consistency scores of 0.86 to 0.95 (45).

24-hour Urinary Catecholamines

Participants were asked to collect all urine over a 24-hour period on 3 separate days, one 

week apart, during which ambulatory BP monitoring was also undertaken (data reported 

previously, see (36, 37)). No preservatives were added to the urine collection containers; 

although some investigators and commercial labs utilize preservatives, a systematic 

evaluation of their effects on urinary catecholamine measures indicate they were 

unnecessary in the context of our study’s urine collection protocol (46). During the 24-hour 

collection process, the urine was maintained at 1–7 degrees C. All urine samples were kept 

cold by storage in a portable cooler and refrigerator during each 24-hour sampling period. 

Once the participants had returned to our laboratory in the morning after 24 hour urine 

collection, the collected sample was immediately aliquoted and frozen at −80 degrees C. 

Each sample collected on each of the collection days were then used to calculate an overall 

mean 24-hour EPI and NE excretion, subsequently referred to as EPI24 and NE24 for EPI 

and NE respectively. Urinary concentrations of NE and EPI were determined by high-

pressure liquid chromatography (HPLC) with electrochemical detection. Urine creatinine 

was determined using the Jaffe method as modified by Slot, with kits supplied by Sigma 

Chemical Company (St. Louis, MO). The co-efficient of variation and within-person 

reproducibility for all biological assays was less than 10%. The detection range was 5 pg/ml 

for EPI and 25 pg/ml for NE. Catecholamine levels were expressed as urine concentration 

(ng/mL) per urine concentration of creatinine (mg/mL), yielding norepinephrine and 

epinephrine values of ng/mg (adjusted for creatinine) for each sample. Using creatinine-

adjusted EPI24 and NE24 indices of catecholamine excretion account for individual 

differences in body size (47). However, it should be noted that creatinine adjustment is not 

without limitations (48).

Data Analysis

Repeated measures ANOVAs and correlational analyses were undertaken to examine the 

variation in catecholamine excretion across our sampling time points to ascertain if it would 

be suitable to create one mean catecholamine excretion value from our three time points of 

assessment. Repeated measures ANOVAs reveal no time effects for EPI (F (2, 136) = 0.31, p 

= 0.74) or NE (F (2, 136) = 1.19, p = 0.31) which indicate that there were no differences in 

catecholamine excretion over the 3 sampling time points. Pearson correlational analyses 

revealed consistency between the catecholamine values across each of our time points. For 

both epinephrine and norepinephine excretion, significant correlations were observed across 

all time points (p < .001), with correlation coefficients ranging from r=0.41–0.72. These 

observation support our use of a single averaged value, defined by the mean across the three 

24-hour assessment periods, to represent a robust index of individual difference in 

catecholamine excretion. Bivariate correlations were used to evaluate the relationship 

between depressive symptoms, anxiety and 24-hour urinary catecholamine excretion (EPI24 

and NE24). Multivariate regression analyses were used to examine the association between 
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depressive symptoms, anxiety and urinary catecholamines in models which accounted for 

other participant characteristics related to catecholamine excretion, such as Gender, Age, 

BMI, Race, mean systolic ambulatory blood pressure, tobacco use, alcohol use, physical 

activity and sleep efficacy. Examination of the combined effects of depressive symptoms and 

anxiety on catecholamine excretion was undertaken by examining the interaction of 

depressive and anxiety symptom, and adding this into the regression models which also 

included other participant characteristics related to catecholamine excretion. All statistical 

analyses were performed using SAS software (SAS, Cary, NC), with statistical significance 

set at p < .05.

Results

Demographic and Psychometric Characteristics

The sample was comprised of 63 African Americans (22.1% Female) and 77 Caucasians 

(16.4% Female) participants, aged between 40 and 60 years (mean age ± SD: 45.5±8.55 

years). Eighteen participants were smokers. Across all participants, BDI scores ranged from 

0 to 33 with a mean score of 5.7 (SD = 6.4) and trait anxiety scores ranged from 21 to 67 

with a mean score of 34.7 (SD = 9.0). Positive associations were evident between all of the 

psychological measures assessed. Depressive symptoms were associated with trait anxiety (r 

(134) = .76, p < .001). Additional sample characteristics are summarized in Table 1.

Correlations between depressive symptoms, anxiety symptoms and 24 hour 
catecholamine excretion

24 hour epinephrine excretion (EPI24) was positively correlated with anxiety scores (r (133) 

= .20, p = .022) but not with depressive symptoms (r (133) = .02, p = .77). 24 hour 

norepinephrine excretion (NE24) was not correlated with anxiety scores (r (133) = .10, p = .

21) or with depressive symptoms (r (133) = .07, p = .39). These relationships are illustrated 

in Figure 1.

Multivariate Linear Regression Models

Multivariate linear regression models were utilized to account for potential confounding 

factors that may influence the relationships between depressive symptoms and anxiety and 

urinary catecholamine excretion. Gender, Age, Race, BMI, mean ambulatory systolic blood 

pressure, alcohol use, tobacco use, physical activity and sleep efficacy were included into 

each model alongside depressive symptoms and anxiety when analyzing the relationships 

with norepinephrine (Table 2) and epinephrine (Table 3) excretion.

NE24: Table 2 illustrates the relationships between norepinephrine excretion and depression 

and anxiety symptoms. Model 1 examined the relationships between norepinephrine 

excretion and BDI Score. Age was related to 24 hour norepinephrine excretion (NE24) (t = 

2.27, b = 0.28, p = .026), such that older individuals produced higher NE24 excretion. BDI 

Score did not significantly account for norepinephrine excretion. Model 2, which examined 

the relationship between anxiety and norepinephrine, also did not show that anxiety 

significantly accounted for norepinephrine excretion. Finally, addition of a depressive 

symptoms by anxiety symptoms interaction term did not improve the model and was 
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unrelated to 24 hour norepinephrine excretion (NE24) (p = .77). Likewise, addition of both 

BDI and anxiety scores alongside Model 1 factors did not reveal relationships with 24 hour 

norepinephrine excretion (NE24).

EPI24: Table 3 illustrates the relationships between norepinephrine excretion and depressive 

and anxiety symptoms. Model 1 reveals evidence of a trend between BMI and 24 hour 

epinephrine excretion (EPI24) (t = −1.82, b = −0.23, p = .073), such that higher BMI was 

associated with lower EPI24 excretion. No other Model 1 factor was related to epinephrine 

excretion, including BDI Score. Model 2 which examined the relationships between 

epinephrine and anxiety. Both BMI (t = −1.93, b = −0.23, p =.058) and anxiety were related 

to epinephrine excretion (t = 2.33, b = 0.28, p =.023). Addition of a Depression by Anxiety 

symptoms interaction term did not improve the model and was unrelated to 24 hour 

epinephrine excretion (EPI24) (p = .42) excretion. Addition of both BDI and anxiety scores 

revealed that 24 hour epinephrine excretion (EPI24) was related to both anxiety (t = 3.13, b 

= 0.61, p = .003) and depressive symptoms (t = −2.12, b = −0.41, p = .040).

Finally, all analyses were completed using unadjusted catecholamine concentrations and 24-

hour total output. These analyses did not alter the pattern of the reported findings, with the 

key finding that 24 hour epinephrine excretion was related to anxiety remaining unaltered. 

Additionally, analysis with raw catecholamine concentration and 24 hour total output 

revealed that norepinephrine was still related to advancing age (raw concentration: t = 2.76, 

b = 0.30, p = .008; 24-hour volume: t = 2.55, b = 0.28, p = .013).

Discussion

In this study sample of men and women with untreated high blood pressure, anxiety 

symptoms were related to 24-hour epinephrine excretion. Advancing age and BMI were also 

associated with increased catecholamine excretion, but controlling for them did not diminish 

the effects related to anxiety. Importantly, age was still related to catecholamine excretion 

when raw catecholamine concentration and 24-hour total output was examined. Depressive 

symptoms were not directly related to catecholamine excretion.

Very few studies have examined the relationships between urinary catecholamines and 

anxiety, and the current study adds to this under-examined area of the literature by 

demonstrating associations between epinephrine and anxiety symptoms. This is in contrast 

to previous studies that have either revealed associations between anxiety symptoms and 

norepinephrine (19) or found no associations at all (49). Despite no longer being classified 

as an anxiety disorder, there is evidence that PTSD is associated with catecholamine 

excretion. Male veterans with PTSD had higher levels of 24-h urinary epinephrine and 

norepinephrine in contrast to male veterans without PTSD symptoms (50), with similar 

associations seen in females who have abuse-related PTSD in contrast to women without 

PTSD (51). 24-hour urine epinephrine excretion is a marker of sympathetic activity (as well 

as possible hyper-activation of the SNS), and the associations evident in the current study 

might provide a potential mechanism through which anxiety be a risk factor for CVD. 

However, it is important to note that our regression models reveal that the relationship 

between EPI24 and anxiety symptoms explains only 4% of variance, and as such the effect 
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of anxiety symptoms on epinephrine excretion should be considered modest. Previous 

studies have demonstrated that anxiety is linked to accelerated atherosclerosis and CVD 

development (52, 53), with suggestions that this might be attributed to physical inactivity, 

chronic inflammation, hypertension, cardiac autonomic abnormalities and metabolic 

syndrome (51–57). However, the associations seen in the current study suggest that 

epinephrine and sympathetic activation might be an additional mechanism for consideration, 

however further work is needed to confirm this proposed mechanism.

Our study did not show evidence of a relationship between depressive symptoms and 24-

hour urinary catecholamine excretion. However the majority of studies showing links 

between norepinephrine and depression have done so in samples where clinical levels of 

depression were observed (17, 18, 20, 58). Indirect evidence of a relationship between 24-

hour urinary norepinephrine excretion and depression comes from a study of the alleles of 

the serotonin transporter gene (5-HTTLPR) (59). To our knowledge, only two studies have 

examined depressive symptoms and urinary catecholamines in a ‘non-depressed’ population, 

with equivocal results (19, 49). Splitting our sample into individuals with ‘high’ and ‘low’ 

depressive symptoms yielded no associations between depression and catecholamines. 

However, it is important to note that our sample was not recruited with a focus on studying 

clinical depression, and included participants displaying a relatively restricted range of 

depressive symptoms. Given that HPA axis hyperactivity is more likely to be present in more 

severely depressed patients than in mildly depressed patients or non-depressed controls (60), 

it is possible that if a broader range of depressive symptoms were observed in our study 

sample, including individuals with major depressive disorder, stronger and statistically 

significant relationships between norepinephrine and depressive symptoms might have been 

evident.

It is unclear why anxiety symptoms were related to urinary epinephrine but not urinary 

norepinephrine. The observation is consistent with the view that epinephrine is a “stress” 

hormone released by the adrenal medulla, whereas norepinephrine is released predominantly 

from sympathetic nerve terminals, where its active reuptake occurs, with only spillover from 

this source ultimately becoming present in urine (61). Epinephrine also acts more widely on 

beta-adrenergic receptors, and some types of anxiety can be managed effectively with beta-

adrenergic antagonists. Interestingly, our study revealed that anxiety symptoms remained 

positively associated with EPI24 in the presence of depressive symptoms, while depressive 

symptoms became inversely associated with EPI24 in the presence of anxiety symptoms. 

Therefore it appears to indicate that the unique variance of the STAI is important, and may 

be reflective of the different biological mechanisms which are responsive for each 

psychological construct.

Alternatively, methodological considerations may explain these differences. Given that the 

concentration of plasma NE reflects sympathoadrenal activity, elevated NE would suggest 

elevated sympathoadrenal activation. However, if the antecubital vein is used as the site for 

the venous blood draw, plasma drawn from this site may capture local sympathetic forearm 

activity, which might not mirror cardiac or total body sympathetic activity levels (62). 

Further, elevated NE might result due to diminished NE clearance, sympathetic 

hyperactivity, or possibly both of these events (63). These confounding factors might explain 
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the differences in the studies which have seen associations between depressive symptoms 

and catecholamine excretion (64).

Of tangential interest was the finding that increased epinephrine excretion was associated 

with lower BMI; such that thinner participants excreted a greater epinephrine volume. 

Similar observations have been seen in a study of middle aged participants with various 

components of metabolic syndrome (65). As epinephrine is stimulated by low glucose 

levels, it is possible that epinephrine might be elevated in individuals with lowered BMI who 

do not tend toward obesity related hyperglycemia. However, further confirmation in a larger 

sample is needed.

Limitations

Our sample was diverse in terms of both gender and race, but the generalizability may be 

affected because the study sample was selected for having elevated clinic blood pressure. 

Elevated BP and Hypertension are important risk factors for CVD development and is 

associated with hyper-activation of the SNS (66), and anxiety can produce symptoms and 

behavioral responses that elicit increases in blood pressure (67). Several studies have 

reported an association between hypertension and anxiety (61–71), while others have not 

(71–75). However, given that our sample consisted only of adults with untreated high blood 

pressure, this may have restricted the range of SNS activation and result in low statistical 

power. With this perspective in mind, the “trends” observed for an association between 

NE24 and both anxiety and depressive symptoms may be especially noteworthy. Although it 

is possible that our observations may reflect the associations of anxiety and depressive 

symptoms with catecholamine excretion in the context of high blood pressure, it is of note 

that our regression models accounted for the potentially confounding effects of blood 

pressure. However, while this statistical adjustment for elevated blood pressure helps to 

minimize the issue of external validity, it does so only to a limited extent. Another limitation 

may be sample size and inadequate statistical power to detect all potentially meaningful 

associations as statistically significant, which might explain the trends which are evident in 

our results, particularly regarding the relationships to norepinephrine. The study was cross 

sectional in nature, which does not allow us to make cause-effect inferences. Future work, 

and possible utilization of a prospective design, should aim to examine this. Given the 

methodological considerations with assessing urinary and plasma catecholamines, future 

studies may also which to assess both urinary and plasma catecholamines and their 

associations with each other, as well as with depressive and anxiety symptoms.

In conclusion, symptoms of anxiety, but not depressive symptoms, were associated with 

heightened urinary epinephrine excretion. These findings may indicate that the CVD risk 

associated with depression and anxiety may manifest through different biological pathways.
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Acronyms

CVD Cardiovascular Disease

ACS Acute Coronary Syndrome

MI Myocardial Infarction

CHD Coronary Heart Disease

ANS Autonomic Nervous System

CAD Coronary Artery Disease

NE Norepinephrine

NE24 24 hour urinary norepinephrine excretion

EPI Epinephrine

EPI24 24 hour urinary epinephrine excretion

SNS Sympathetic Nervous System

BDI Beck Depression Inventory

STAI Spielberger State-Trait Anxiety Inventory

SBP Systolic Blood Pressure

DBP Diastolic Blood Pressure

BMI Body Mass Index

HPLC high-pressure liquid chromatography

MHPG 3-Methoxy-4-hydroxyphenylglycol

CES-D Center for Epidemiologic Studies Depression Scale

5 HTTLPR serotonin-transporter-linked polymorphic region

HPA Hypothalamic Pituitary Adrenal Axis

PTSD Post Traumatic Stress Disorder
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Figure 1. 
Scattergrams showing the relationships between EPI24 and BDI Scores (A), NE24 and BDI 

Scores (B), EPI24 and STAI Scores (C) and NE24 and STAI Scores (D). EPI24 = 24-hour 

urinary epinephrine excretion; BDI = Beck Depression Inventory; NE24 = 24-hour urinary 

norepinephrine excretion; STAI = Spielberger State-Trait Anxiety Inventory.
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