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Is there any association of anxiety-depressive 
symptoms with vascular endothelial function 
or systemic inflammation?
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CVD and atherosclerosis, and probably anxiety is a 
predisposing risk factor for cardiovascular damage 
and atherosclerotic lesions in a long period.[4] The 
mechanisms responsible for this association remain 
unclear; however, inflammatory processes have been 
implicated[5] Low-grade systemic inflammation, 
accompanied with slightly increased concentrations of 
inflammatory markers such as C-reactive protein (CRP), 
is involved in the pathophysiology of several diseases 
including CVD.[6-9] On the contrary, several studies 
have shown the relationship between depression and 
increased levels of CRP.[5] Indeed, mood disorders 
including depression are associated with the secretion 
of pre-inflammatory cytokines such as interleukin 
(IL)-1 and IL-6[10] which induce the synthesis of CRP 
in the liver.[11]

Endothelial function has a key role in determining the 
clinical presentation of atherosclerosis, and it is involved 
in developing the atherosclerosis process before overt 

INTRODUCTION

Evidences have shown the role of psychosocial and 
behavioral factors in the etiology and physiopathology 
of cardiovascular disease (CVD)[1] While decrease in 
the vascular elasticity is an indicator for endothelial 
dysfunction, which is the first step of atherosclerosis 
before the plaque formation and clinical onset of 
disease, evidences showed that the psychological 
stresses can cause endothelial dysfunction.[2] In patients 
with endothelial dysfunction brachial artery has a 
higher peripheral resistance during psychological 
stress, and after the psychological stress the dilation 
of the brachial artery reduced allied with the flow of 
brachial artery.[3] In recent years some studies have 
reported the association of reduced endothelial function 
with clinical depression and anxiety and subclinical 
mood status, such as hostility or anger. Recent reports 
have shown that older adults, who have more anxiety 
characteristics are encountered with a higher risk of 
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CVD.[12] Limited data are available about the association 
of CRP levels and endothelial dysfunction with mood 
characteristics. The aim of this study was to evaluate the 
relationship between depression/anxiety symptoms with 
CRP level, as a marker of systemic inflammation, and 
also with flow-mediated dilation (FMD), as a marker of 
endothelial function.

MATERIALS AND METHODS

Participants and setting
This cross-sectional study was performed in 2011 on 
employees aged 40-60 years in a major oil company located 
in Isfahan city (central Iran). Among 879 employees, one 
third were selected from all different parts of the company 
with clustered random sampling method. Participants 
with the history of ischemic heart disease, chronic renal 
failure, advanced liver disease, cerebrovascular accidents, 
any proven cancer, multiple sclerosis and major psychiatric 
disorders (including major depression, bipolar disorder, 
and psychotic disorder) were not included. A total 258 of 
these individuals were selected. The design of this study 
was confirmed by Medical Ethics Committee of Isfahan 
University of Medical Sciences, and written consent was 
obtained from all participants after explaining the objectives 
and methods of the study.

Assessments
The Persian version of the Hospital Anxiety Depression 
Scale (HADS) which has acceptable validity and reliability 
(Cronbach’s alpha, 0.78-0.86)[13] was used for the evaluation 
of anxiety and depression symptoms. The HADS is one 
of the most widely used instruments to rapidly measure 
psychological status in patient as well as non-patient 
populations. It includes 14 questions (7 items per subscale) 
that each question is scored from 0 to 3 and the final score 
for each subscale ranges from 0 to 21. According to studies, 
grades 8 and higher is indicative for the relating subtest 
disorder.[14]

Systemic inflammation and endothelial function: To check 
the status of systemic inflammation, high sensitive CRP) 
was measured by venous blood samples using Sigma-
Aldrich, USA commercial available kit. For the evaluation of 
vascular endothelial function, Doppler ultrasound was used 
and brachial arterial diameter was measured during the 
blockage of artery (with the inflation of sphygmomanometer 
cuff at least 50 mm Hg above the systolic blood pressure) 
and after the removal of blockage, FMD was measured by 
calculating the increased percentage of the arterial diameter 
after the removal of blockage comparing with the blockage 
state. Ultrasonography was done with Ultrasound, cardiac 
(Sonosite, USA). 

Participants categorized in three classes of SES based 
on the average of monthly income, job, living area, and 
educational status.

Blood pressure measured using a standard digital 
sphygmomanometer. BMI calculated by ratio of body 
weight per kilogram to square of height per meter and all 
laboratory indexes measured by fast blood sampling from 
all cases.

Data analyses
The obtained data were analyzed using SPSS software 
for windows version 16.0. To investigate the relationship 
between CRP and FMD with the scores of anxiety and 
depression Spearman test (due to their non-normal 
distribution) was used. Also, multivariate linear regression 
test was used to evaluate the independent relationship of 
CRP and FMD on each of the anxiety and depression scores 
while controlling the other factors.

RESULTS

During the study, 254 participants including 252 males 
and 2 females aged 40-60 years, mean age = 51.4 ± 6.1 
years, were investigated. Considered demographic 
variables and some cardiovascular risk factors are 
reported in Table 1.

Flow-mediated dilation, serum high-sensitive C-reactive 
protein levels, and anxiety and depression scores are 
summarized in Table 2. Considering the cut-off point of ≥8 
in the Hospital Anxiety Depression Scale questionnaire, 
31.2% of the participants had clinical anxiety disorder and 
40.1% had depressive disorder.

Table 1: Cardiovascular risk factors among participants
Hypertension 22% SBP, mmHg 117.4±14.4 [90-160]
Diabetes 9.1% DBP, mmHg 76.6±9.0 [50-100]
Dyslipidemia 19.8% BMI (kg/m2) 26.4±3.4 [5.9-36.1]
Smoking 25.4% TG (mg/dL) 36.4±63.6 [31-590]
SES class one 10% Cholesterol (mg/dL) 173.5±36.4 [76-337]
SES class two 65.4% LDL (mg/dL) 109.4±28.8 [27-205]
SES class three 24.6% HDL (mg/dL) 37.2±0.3 [23-67]
SES = Socioeconomic status; SBP = Systolic blood pressure; DBP = Diastolic blood 
pressure; BMI = Body mass index; TG = Triglyceride; LDL = Low-density lipoprotein; HDL = 
High-density lipoprotein. Data are presented as % or mean ± standard deviation [range]

Table 2: Anxiety/depression scores, high-sensitive 
C-reactive proteinlevel, and flow-mediated dilation 
in participants
Anxiety 6.0±3.6 [0-18]
Depression 6.2±3.7 [0-17]
hs-CRP (mg/L) 2.3±2.8 [0.1-37]
FMD% 8.5±5.2 [0.0-27.2]
Data are presented as mean±standard deviation [range]



Kheirabadi, et al.: The mood and cardiovascular risk makers

Journal of Research in Medical Sciences | November 2013 |981

According to the Spearman test it was not any significant 
relationship between high-sensitive C-reactive protein 
(hs-CRP) or flow-mediated dilation (FMD) with any of the 
anxiety or depression scores. Also, no association was found 
between serum hs-CRP level and FMD [Table 3].

In multivariate analysis, with controlling the factors such 
as age, body mass index (BMI), lipid profile, history of 
cardiovascular disease and diabetes, no association was 
found between anxiety/depression, or the overall Hospital 
Anxiety Depression Scale scores with high-sensitive 
C-reactive protein or flow-mediated dilation (FMD). 
After the separate analysis of patients with and without 
diabetes, depression scores were significantly and inversely 
associated with FMD in patients with diabetes (r = −0.525, 
P = 0.021). In multivariate analysis by controlling the age, 
gender, smoking, BMI, and anxiety scores this association 
was still exist (P = 0.042). [Table 4]

DISCUSSION

Evidences have shown the association of psychological 
factors such as anxiety/depression and stress with 
endothelial dysfunction and increased risk of CVD.[15,16] 
According to a new meta-analysis, including studies 
on healthy subjects and also patients with CVD, mood 
disorders have been associated with endothelial dysfunction 
measured by FMD (an early marker of CVD)[17] Also, using 
antidepressant medication in patients with CVD who 
were depressed was associated with improved FMD[18,19] 
However, the responsible mechanisms for this association 
are not clear yet.[15] The effects of psychological factors on 
the immune system have been considered and reviewed for 

long. Many studies also showed the reciprocal interaction 
of the immune system and behavior/emotion.[20-22] On the 
contrary, a systemic inflammatory state is known as a risk 
factor for CVD.[23-25] Consequently, it is possible that at least 
part of the effect of psychological factors on the increased risk 
of CVD is due to the increased systemic inflammatory and 
pre-inflammatory factors.[16] In our study, the relationship 
of these symptoms of anxiety/depression with serum levels 
of hs-CRP (a marker of systemic inflammation) with the 
percentage of FMD (indicating endothelial function) in 
employees of an industrial company were investigated. 
According to the results, no relationship was found between 
anxiety/depression and endothelial dysfunction or systemic 
inflammation, though increased depression was associated 
with reduced FMD in diabetic patients.

Evidences concerning the relationship between depression/
anxiety and serum CRP level have indicated different 
results. Several studies have been conducted on the 
general population and also on patients with specific 
diseases. Results of a meta-analysis suggest that in 
normal population and depressed patients, there is a 
direct relationship between the severity of depression 
and serum levels of CRP, IL-1, and IL-6, while BMI is a 
meditative factor in this regard. Three general routes 
are suggested in this regard; the effect of depression on 
inflammation; the effect inflammation on depression; and 
also the bidirectional relationship.[1] The studies on patients 
with coronary artery disease,[26] dialysis patients[27,28] and 
patients with fibromyalgia,[29] have indicated a relationship 
between anxiety/depression severity and serum levels 
of CRP. In patients with symptoms of obstructive sleep 
apnea, serum level of CRP has been significantly associated 
with anxiety and depression severity, and patients with 
combined mood disorder had the highest CRP levels.[30] 
Interestingly, according to a meta-analysis, the treatment 
of depression with antidepressants reduces inflammatory 
markers such as IL-6 and CRP.[31] A cohort study in general 
population also showed that anxiety symptoms increase 
the hs-CRP level of more than 3.0 mg/L with 2.19 times, 
while anxiety symptoms combined with depression 
increases this level by 1.7 times.[32] Another study on 
healthy subjects showed that depression is independently 
associated with abnormal changes in heart rate, systemic 
inflammation, and endothelial function.[33]

In contrast, certain other studies on diabetic patients,[34] 
patients with acute coronary syndrome,[35] and patients 
with cancer,[36] did not show the relationship between 
anxiety/depression and serum levels of CRP. In the study on 
adults with and without clinical anxiety, the results showed 
a relationship between anxiety and IL-6 (preinflammatory 
According cytokines), while anxiety had no correlation 
with CRP level.[37] other study by Bjerkes et al.,[38] on a large 

Table 4: Linear regression analysis of possible 
predictors of flow-mediated dilation

Beta (95% CI) P
Age 0.087 (−0.447 to 0.622) 0.732
Gender 3.679 (-8.682 to 16.04) 0.534
Smoking −3.180 (−10.007 to 3.647) 0.335
BMI −0.224 (−0.973 to 0.524) 0.531
Anxiety score 0.086 (−0.831 to 1.002) 0.844
Depression score −0.935 (−1.831 to −0.039) 0.042

Table 3: Correlation of each personality traits’ score 
with high-sensitive C-reactive protein and flow-mediated 
dilation in participants

hsCRP FMD
Anxiety r=−0.004 r=0.072

P=0.955 P=0.263
Depression r=0.019 r=−0.059

P=0.771 P=0.355
hs-CRP (mg/L) — r=−0.083

P=0.201
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sample from normal population, the association of CRP 
and depression was influenced by confounding factors 
such as chronic illness, smoking, and BMI > 30, as the 
odds ratio was reduced from 1.28-1.08 by controlling these 
factors.[38] Also, in a cohort study with 5-year follow-upon 
patients with coronary artery disease, mood disorder 
significantly predicted the level of IL-6 and CRP, but 
inflammatory markers were not predictive for depression 
symptoms in the follow-up. However, according to the 
analyses by controlling the health behaviors associated 
with depression such as physical activity, smoking, and 
BMI, we found no association between depression and 
systemic inflammation. These results show that health 
behaviors are among the mediators of the effect of 
depression on the inflammatory response and subsequent 
coronary disease.[39] However, the results of our analysis 
in diabetic patients showed that by controlling the factors 
such as BMI and smoking the effect of depression on FMD 
percentage is still remained.

Although most previous studies have shown the effects of 
anxiety/depression on endothelial dysfunction (decreased 
percent FMD), the role of systemic inflammation as part of 
the mechanism of this relationship has not been confirmed 
by all studies. We found no relationship between anxiety/
depression and FMD that could be influenced by several 
factors. As a limitation of our study, the instrument used to 
measure anxiety and depression (HADS) mostly assesses 
the current situation (2 weeks) of persons, while in some 
studies the instrument examined the trait of anxiety 
(in contrast with the anxiety state).[4,26] Also, the duration 
of mood disorder, for which we had no information, may 
be an effective factor on the impact of mood disorders on 
endothelial function. In one study on healthy older adults, 
anxiety disorders has been associated with sympathetic 
activity and endothelial dysfunction (reduced FMD)[40]; 
however, this relationship has not been seen in the younger 
individuals.[4] This finding indicates that the periods of 
exposure may be an important factor in the impact of mood 
disorders on endothelial function. Finally, it seems that 
more investigations especially cohort studies are needed 
regarding the relationship between mood symptoms and 
endothelial function with the assessment of duration of 
mood disorder.

CONCLUSION

According to the results, in the studied population there 
was no relationship between anxiety/depression and 
systemic inflammation or endothelial dysfunction, while 
in individuals with diabetes, depression was associated 
with endothelial dysfunction. In this regard, more cohort 
studies with evaluation for the duration of mood disorder 
are recommended.
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