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Introduction
Depressive and anxiety disorders are among the most 

common public health problems in the world. The lifetime 
prevalence of major depressive disorders is about 16% 
[1] and the 12-month prevalence 6.6%, while the lifetime 
prevalence of anxiety disorders is about 29% [2]. The Lundby 
study reported a lifetime prevalence of anxiety (up to 60 years 
of age) of 9.9% in men and 19.7% in women [3]. 

Among the well-known biological mechanisms behind 
affective disorders are disturbances in the serotonergic 
system [4], the hypothalamic–pituitary–adrenal (HPA) axis 
[5], and the immune system [6]. It has also been suggested 
that the renin–angiotensin–aldosterone system (RAAS) may 
be affected in some patients with depression [7], and in some 
with anxiety.

Abstract

Objective: To investigate the occurrence of depressive and anxiety disorders in patients 
remitted for endovascular treatment of renal artery stenosis (RAS), and whether symptoms of 
depression and anxiety can be reduced after the treatment of RAS with percutaneous transluminal 
renal angioplasty (PTRA).

Methods Patients: Selected for renal angiography with pressure measurement in the renal 
arteries due to suspected RAS were invited to participate in the study. 37 patients agreed to 
answer a questionnaire. Eighteen patients also agreed to a clinical psychiatric examination 
including the International Neuropsychiatric Interview (M.I.N.I. 6.0) to be diagnosed according 
to the DSM-IV. 

Results: Twenty-one of the 37 patients completing the questionnaire were found to have 
a pressure gradient of ≥ 10 mmHg at angiography, indicating signifi cant stenosis. Ten of the 18 
examined patients met the criteria for current DSM-IV anxiety diagnosis and two patients had a 
current depression. Three of the 18 examined patients had previously made a suicide attempt. 

Conclusion: The results of this study suggest that patients with suspected RAS have a high 
psychiatric comorbidity, as 56% of the patients undergoing psychiatric examination met the DSM-
IV criteria for a current anxiety disorder.

The RAAS prevents low blood pressure (BP) by means 
of a coordinated effect of the hormones angiotensin and 
renin. Angiotensin II stimulates the release of aldosterone 
from the adrenal gland. Aldosterone is a steroid that acts on 
mineralocorticoid receptors (MR). It reduces the loss of sodium 
ions and water from the kidneys, which leads to increased 
extracellular luid, a greater blood volume and an increase in 
BP [8]. Constriction of the renal artery (renal artery stenosis, 
RAS) lowers the intrarenal pressure, thereby stimulating the 
RAAS, causing persistent hypertension [9,10]. RAS can remain 
an undetected cause of hypertension for several years, apart 
from causing deterioration of renal function [11]. RAS leading 
to severe hypertension or renal dysfunction can be treated 
with percutaneous transluminal renal angioplasty (PTRA) 
[12] with stenting. However, indications for treatment are the 
subject of debate, as the results of large randomized studies 
have not been convincing [13,14].
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Interestingly, the RAAS also affects brain function [15], 
and there is growing evidence that the RAAS may have a 
psychopathological in luence [7]. MR are found in several 
regions of the brain, including the hippocampus, the amygdala 
and the nucleus accumbens [16]. 

In recent years, several studies have shown that rats 
treated with aldosterone exhibit symptoms of depression 
and anxiety [17,18]. Moreover, MR seem to be involved in 
the response to antidepressant therapy in rats. Studies have 
shown both up- [19,20] and downregulation [21] of MR after 
antidepressant therapy. 

The indings of some clinical studies support the role 
of the RAAS in depression. For example, increased levels 
of aldosterone have been found in patients suffering from 
depression [22]. Furthermore, in a study by Sonino, et al., 
six of ten patients with primary aldosteronism (PA) suffered 
from an anxiety disorder [23]. In a follow-up study, 23 
healthy controls were compared to 23 patients with essential 
hypertension (EH) and 23 with PA [24]. Twelve of the 23 
patients with PA suffered from an anxiety disorder, compared 
to four of the 23 with EH. Patients with PA also scored higher 
when rated for stress than the EH patients, indicating that not 
only hypertension, but also the overproduction of aldosterone, 
causes anxiety. 

Little research has been conducted on the potential 
comorbidity between RAS and psychiatric illness. This 
study was therefore carried out to investigate the following 
two hypotheses: the occurrence of depressive and anxiety 
disorders is higher in patients remitted for endovascular 
treatment of RAS, and that symptoms of depression or anxiety 
can be reduced after the treatment of RAS with PTRA.

Experimental procedures
Patients

The study was approved by the Lund University Medical 
Ethics Committee (No. 2013/310). All the participants gave 
their written informed consent to participate.

The patients were recruited from the Vascular Centre, 
Skåne University Hospital, Malmö, southern Sweden, 
between August 2013 and June 2015. Patients selected for 
renal angiography with pressure measurement in the renal 
arteries due to suspected RAS were invited to participate in 
the study. All patients had treatment-resistant hypertension, 
signs of kidney dysfunction, or both, and pathological indings 
at magnetic resonance angiography of the renal arteries, 
suggesting RAS. The patients included in the study were asked 
to ill in a questionnaire and self-rating scales. They were also 
offered a clinical psychiatric examination. They were also 
informed that their decision to participate, or not, in the study 
would not affect their medical or interventional treatment.

During the study period, 71 patients met the inclusion 
criteria, 12 of which were excluded from the study: ten were 
unreachable by phone or did not speak Swedish, and two were 

hospitalized due to severe concomitant somatic disease. The 
remaining 59 were identi ied as potential participants in the 
study (Figure 1). Of these 59 patients, 37 agreed to answer 
the questionnaire part, including an agreement for the 
principal investigator to screen the medical records. The self-
rating scales Montgomery–Asberg Depression Rating Scale 
(MADRS-S) [25] and Hospital Anxiety and Depression scale 
(HAD) [26] were added to the questionnaire part after 12 
patients had been included (twelve patients with completed 
questionnaires and seven patients with completed clinical 
examinations). Eighteen patients also consented to the 
psychiatric clinical examination, which also included the HAD 
for the irst seven patients. A total of 25 MADRS-S scores and 
29 HAD scores were collected at baseline. Data on the somatic 
morbidity of the 18 patients who underwent the psychiatric 
examination are given in Table 1. 

Table 1: Somatic morbidity in the 18 patients who completed the clinical psychiatric 
examination. RAS: Renal artery stenosis.

Condition All 
(N=18)

With RAS 
(N=10)

Without RAS 
(N=7)

Hypertension 18 10 7
Cardiovascular disease 15 10 4

Renal dysfunction 5 3 2
Type 2 diabetes 4 1 2
Atrophic kidney 2 2 0

Chronic back pain 2 2 0
Osteoarthritis 2 1 1
Dyslipidaemia 2 2 0

Hyperuricaemia 2 2 0
Benign prostatic hyperplasia 1 1 0

Atrial fi brillation 1 1 0
Rheumatoid arthritis, RA 1 1 0

Psoriasis 1 1 0
Ulcerative colitis 1 1 0
Stroke sequelae 1 1 0

Migraine 1 0 1
Chronic pancreatitis 1 0 1

Chronic obstructive pulmonary disease 1 0 1
Asthma 1 0 1
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Figure 1: Selection of participants for the study.
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Both the questionnaire part of the study and the clinical 
examination were performed a few weeks before the 
angiography, thus it was not known whether the patients 
suffered from signi icant RAS or not. Due to logistic reasons, 3 
of 18 patients were examined shortly after their angiography 
(two to nine days) instead of before, but the psychiatric 
examiner was blinded concerning the result.

The questionnaire

The questionnaire included questions regarding: years with 
hypertension, previous anxiety, an anxiety disorder within 
the last year, previous treatment of anxiety, anxiety treatment 
within the last year, previous depression, depression within 
the last year, previous treatment of depression, depression 
treatment within the last year, treatment with psychotherapy, 
previous treatment with psychotropic medications, treatment 
with psychotropic medications within the last year. If they 
answered yes on the questions regarding psychotropic 
medications, they were asked to list the name of the drugs. 
The questionnaires were returned to the research unit in 
stamped addressed envelopes. 

Self-rating scales

The self-rating Montgomery–Asberg Depression Rating 
Scale (MADRS-S) [25] consists of nine items scored from 0 
to 6 points, giving a maximum of 54 points. A score of 13-19 
indicates low-grade depression, 20-34 moderate depression 
and 35-54 severe depression. 

The Hospital Anxiety and Depression scale (HAD) [26] 
consists of 14 items; seven covering anxiety and seven 
depression. Each item has a score from 0 to 3 points, giving a 
maximum score of 21 points for HAD anxiety and 21 points for 
HAD depression. A score of 0 to 7 points indicates no disorder, 
8 to 10 points possible anxiety or depression, and 11-21 
points most likely a disorder, on either subscale. 

Medical records

Additional medical information on baseline p-renin, 
baseline p-aldosterone, previous and current medication and 
somatic comorbidity was collected from all patients’ medical 
records after the questionnaire or the clinical psychiatric 
examination. 

Clinical psychiatric examination

Patients were examined by a resident in psychiatry (LH). 
The examination consisted of a structured clinical interview 
regarding previous and current psychiatric disorders, 
treatment, previous medical conditions, and family history. 
The patients were diagnosed according to DSM-IV using the 
structured diagnostic tool International Neuropsychiatric 
Interview (M.I.N.I. 6.0). Patients were also rated according 
to the comprehensive psychopathological rating scale 
(CPRS) [27], from which the subscales Montgomery–Asberg 
Depression Rating Scale (MADRS) [28] and the Brief Scale of 

Anxiety (BSA) [29] were extracted. In the CPRS each item is 
rated from zero to three points, and the score was therefore 
doubled to correspond to MADRS. The irst seven patients also 
illed in the HAD during the clinical psychiatric examination. 

Angiography and endovascular intervention

The mean pressure gradient between the aorta and the 
renal artery was measured during renal angiography, and if 
found to be ≥ 10 mmHg the patient was diagnosed as having 
RAS and underwent PTRA, followed by stent placement [30-
32]. 

Data collection at follow-up 

The follow-up part started after data had been collected 
on twelve patients. The irst seven patients in the clinical 
psychiatric examination were also included in the follow-up. 
Thirty-two patients participated in the follow up part, of these 
18 went through the psychiatric clinical examination at base-
line. 

In this part all patients illed in MADRS-S and HAD at 
baseline, together with the questionnaire and agreed to be 
contacted again after six months (follow up). At follow up 
the patients were contacted again by post six months after 
the angiography and intervention, and asked ill in the self-
rating MADRS-S and HAD self-rating scales. Of the 32 patients 
included in the follow up 25 returned the envelopes. Of the 18 
patients who went through the psychiatric clinical examination 
16 returned the envelopes. During the same week, blood 
samples were collected in the morning for analysis of plasma 
(p-) aldosterone and p-renin. Patients also participating in the 
clinical psychiatric examination were interviewed by phone 
concerning changes in their medication.

Laboratory analyses

The standard methods for the analysis of p-aldosterone 
and p-renin were changed on November 17, 2014. Before 
November 17, 2014, p-aldosterone was determined using 
a radioimmunoassay (Aldosterone Coat-A-Count, DPC, CA, 
USA). The normal range for p-aldosterone is 110-860 pmol/L, 
and the imprecision (coef icient of variation, CV) were 8.6% 
at 100 pmol/L and 5.2% at 750 pmol/L. Plasma-renin was 
determined with the DiaSorin Liaison method (Liaison Renin, 
DiaSorin, Saluggia, Italy). The CV for this method were 4.4% at 
27 mIU/L and 3.7% at 102. 

After November 17, 2014 p-aldosterone and p-renin were 
determined with the IDS-iSYS methods (Immunodiagnostics 
Systems Nordic a/s, Copenhagen, Denmark). The CV for the 
aldosterone method was/is 18% and 10% at 230 and 555 
pmol/L. The normal range for renin using this method was 
5-80 mIU/L, and the CV was 10% at both 14 and 92 mIU/L. 

All renin and aldosterone values prior to angiography were 
collected from patient iles. These blood samples were all 
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drawn prior to November 17, 2014 and therefore analysed with 
the same method as described above. In the follow up blood 
samples were collected both prior to and after November 17, 
2014. Fourteen out of 25 samples were determined with the 
previous method. Since the two renin methods showed good 
correlation (R=0.94), all p-renin values from the RIA were 
recalculated to the IDS-iSys method. Aldosterone values were 
not recalculated, because the correlation between methods 
was deemed insuf icient in the low normal concentration 
range (< 400 pmol/L).

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) 
Version 21.0 for Macintosh was used for all statistical 
analyses. The hypotheses were tested for two-tailed level 
of signi icance. The alpha level of signi icance was set at p < 
0.05. Due to the relatively few participants, non-parametric 
statistical methods were used. The Mann–Whitney U test 
was used for group comparisons of independent samples, the 
Wilcoxon signed-rank test for comparison of paired samples, 
and Spearman’s rho for correlation analysis. Cross tabulation 
and Pearson’s chi square test were used to test differences in 
categorical data. All values are given as mean ± 1 SD.

Results
Characteristics

Twenty-one of the 37 patients completing the 
questionnaire were found to have a pressure gradient of ≥ 10 
mmHg at angiography, indicating signi icant stenosis [33]. All 
21 underwent PTRA and 18/21 also underwent successful 
renal artery stenting. The 15 patients in whom no signi icant 
pressure gradient was observed underwent diagnostic 
angiography only. In one patient the renal artery could not 
be reached during angiography due to severe athero sclerosis 
of the abdominal aorta. The presence of RAS could therefore 
not be determined. Ten of the 18 patients participating in 
the clinical psychiatric examination were found to have a 
pressure gradient of ≥ 10 mmHg, and were diagnosed as 
having signi icant stenosis [30]. All ten underwent PTRA, and 
8/10 also underwent successful renal artery stenting. 

The characteristics of the 37 patients who answered 
the questionnaire are given in Tables 2 and 3. Among these 
patients, 13 reported anxiety at least once during their life, 
and eight reported anxiety during the previous year. Eight 
patients reported previous depression, and four reported 
depression during the previous year. 

Psychiatric rating scales

No signi icant difference was found in baseline MADRS-S 
scores between patients with RAS (N=15; MADRS-S 6.4 ± 4.9) 
and without RAS (N=9; 7.3 ± 6.8) in the questionnaire part of 
the study. Furthermore, no signi icant differences were found 
in total baseline HAD scores, baseline HAD anxiety, or baseline 
HAD depression scores between patients with RAS (N=17) 
and those without RAS (N=11). See Table III for HAD scores. 

In the questionnaire part of the study, eleven patients 
reported anxiety or depression within the past year. Among 
these, the means MADRS-S scores were 12.5 ± 9.2 (N=6) 
at baseline, and 13.4 ± 7.5 (N=9) at follow-up (NS). The 
corresponding total HAD scores were 13.7 ± 6.2 (N=9) at 
baseline and 13.0 ± 5.5 (N=9) at follow-up (NS). 

MADRS-S and HAD scores for patients who took part in 
the clinical psychiatric examination and were diagnosed as 
currently having anxiety or depression (N=10) were analysed 
separately. All patients currently suffering from depression 
also had a current anxiety disorder. The MADRS-S scores for 
this group were 13.0 ± 7.8 (N=7) at baseline and 13.1 ± 8.3 
(N=9) at follow-up (NS). The corresponding total HAD scores 
were 12.7 ± 6.5 (N=10) at baseline and 12.3 ± 5.7 (N=9) at 
follow-up (NS). The HAD anxiety and depression scores were 
8.0 ± 3.5 and 4.7 ± 3.5 (N=10) at baseline, and 6.8 ± 3.9 and 5.6 
± 3.2 (N=9) at follow-up (NS for both). 

The 18 patients with RAS and successful PTRA and 
stenting were also analysed separately. Their HAD anxiety 
and depression scores were 3.9 ± 2.8 and 2.2 ± 1.8 at baseline 
(N=16), and 4.0 ± 1.8 and 2.7 ± 2.4 at follow-up (N=13) (NS 
for both). 

Hormones and blood pressure

The mean value of p-renin prior to the intervention 
was 296 ± 680 mIU/L (N=13). The corresponding value for 
p-aldosterone was 372 ± 539 pmol/L (N=13). This means that 
renin, but not aldosterone, levels were increased compared to 
the normal range in all patients.

Table 2: Questionnaire results. Anxiety, depression and treatment according to the 
questionnaire in patients who only answered the questionnaire and in patients who also 
completed the clinical psychiatric examination. Statistics: Pearson’s chi square test.

Questionnaire, 
only (N=19)

Clinical psychiatric 
examination (N=18) P

Previous experience of anxiety 
Yes/no/uncertain 5/13/1 8/8/2  0.33

Anxiety the last year 
Yes/no/uncertain 2/15/2 6/11/1  0.23

Previous anxiety treatment 
Yes/no/ 1/18 5/13 0.063

Anxiety treatment the last year.
Yes/no 0/19 1/17 0.30

Previous depression
Yes/no/uncertain 0/16/3 8/5/5  0.001

Depression the last year
Yes/no/uncertain 0/18/1 4/10/4 0.018

Previous depression treatment
Yes/no 0/18 8/10 0.001

Depression treatment the last 
year 

Yes/no
0/19 1/17 0.30

Treated with psychotherapy
Yes/no 1/18 1/17 0.94

Treated with psychotropic 
medication

Yes/no
4/15 6/12 0.40

Current treatment with 
psychotropic medication

Yes/no
1/18 0/17 0.34
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P-renin level in patients with RAS (N=6) (623 ± 934 mIU/L) 
was signi icantly higher than in patients without RAS (N=6) 
(10.4 ± 7.9 pmol/L) (p = 0.002), whereas no difference was 
found in p-aldosterone levels between the groups. See Table 3 
for aldosterone levels.

The mean value of p-renin at the 6-month follow-up (N=25) 
was 132 ± 341 mIU/L. No signi icant difference was found 
when comparing p-renin before and after stenting in patients 
with RAS who were successfully stented (N=4, p = 0.068). 

Mean BP at admission was 172 ± 24 / 83 ± 11 mmHg 
(N=36). No differences in BP were found between patients 
without RAS and those later diagnosed with RAS. 

Correlation analysis

Values of p-aldosterone were available in patient records 
for 13 of 37 patients, of whom nine had MADRS-S scores. No 
signi icant correlation was found between p-aldosterone level 
and MADRS-S in this group. However, p-aldosterone was 
signi icantly correlated to the MADRS-S score in patients with 
RAS (N=5, p = 0.037). 

No signi icant correlations were found between renin 
levels and HAD anxiety, HAD depression or MADRS-S scores 
at the six-month follow-up.

Clinical psychiatric examination

DSM-IV diagnosis: The characteristics of the examined 
patients (N=18) are given in Table 4. Ten of the examined 
patients (56%) met the criteria for an anxiety disorder. 
Two patients were diagnosed as currently suffering from 

depression. Eight of the patients did not meet the criteria for a 
current DSM-IV diagnosis.

Suicidality: Three of the eighteen patients (16.6%) had 
attempted suicide. One had RAS, one could not be investigated, 
and one did not have RAS. The suicide attempts were 23-
47 years ago. Two of three attempts had occurred during a 
depressive episode. 

As the questionnaire part of the study did not include 

Table 3: Characteristics of the 37 participants who completed the questionnaire. RAS: Renal artery stenosis, MADRS-S (Montgomery–Asberg Depression Rating Scale, 
Self-administered), HAD: Hospital Anxiety. Depression scale, BP: Blood pressure, Normal range of p-renin is 5-80 mIU/L and for p-aldosterone 110-860 pmol/L. Renin and 
aldosterone before angiography are presented. Mean ± 1 SD.

All (N=37) With RAS (N=21) Without RAS (N=15)
Age 64.1 ± 12.0 63.2 ± 13.0 64.9 ± 11.1 

Sex (M/F) 16/21 12/9 4/11
MADRS-S 7.6 ± 6.9 (N=25) 6.4 ± 4.9 (N=15) 7.3 ± 6.8 (N=9)

MADRS-S follow-up 8.8 ± 7.0 (N=25) 6.9 ± 4.8 (N=16) 10.4 ± 7.7 (N=8)
HAD 7.4 ± 6.2 (N=29) 5.9 ± 3.9 (N=17) 8.0 ± 7.0 (N=11)

HAD follow-up 8.3 ± 5.6 (N=24) 6.4 ± 3.3 (N=15) 9.9 ± 6.4 (N=8)
HAD Anxiety 4.6 ± 3.9 (N=29) 3.8 ± 2.7 (N=17) 4.8 ± 4.5 (N=11)

HAD Anxiety follow-up 4.8 ± 3.2 (N=24) 3.9 ± 2.0 (N=15) 5.3 ± 3.5 (N=8)
HAD Depression 2.8 ± 2.8 (N=29) 2.1 ± 1.8 (N=17) 3.2 ± 3.1 (N=11)

HAD Depression – follow-up 3.5 ± 3.0 (N=24) 2.5 ± 2.3 (N=15) 4.6 ± 3.4 (N=8)
BP at admission (mmHg) 172 ± 24 / 83 ± 11 (N=36) 169 ± 19 / 85 ± 9 (N=21) 174 ± 30/82 ± 12 (N=14)

P-renin (mIU/L) 296 ± 680 (N=13) 623 ± 934 (N=6) 10.4 ± 7.9 (N=6)
P-aldosterone (pmol/L) 372 ± 539 (N=13) 511 ± 755 (N=6) 283 ± 276 (N=6)

Beta blocker 30 17 12
Calcium channel blocker 24 13 10

Angiotensin II receptor antagonist 14 5 8
Thiazide diuretic 13 6 6

Angiotensin-converting enzyme inhibitor 12 7 5
Loop diuretic 12 6 5

Imidazoline receptor blocker 8 5 2
Alpha-adrenergic blocking agent 7 4 2
Aldosterone receptor antagonist 3 1 2

Table 4: Clinical psychiatric examination. DSM-IV diagnosis with International 
Neuropsychiatric Interview. CPRS: Comprehensive Psychopathological Rating Scale. 
MADRS: Subscale of the CPRS for depression, Montgomery–Asberg Depression 
Rating Scale. BSA: Subscale of CPRS for anxiety, Brief Scale of Anxiety.

All (N=18) With RAS N=10) Without RAS 
(N=7)

Age Mean ± SD 65.4 ± 12.1 (N=18) 67.9 ± 10.3 (N=10) 60.7 ± 14.5 (N=7)
Sex (M/F) 8/10 7/3 1/6

Current psychiatric 
diagnosis 10 4 5

Any anxiety disorder 10 4 5
Generalized anxiety 

disorder 6 2 3

Social phobia 6 2 3
Agoraphobia 3 2 0

Panic disorder 2 0 1
Obsessive-compulsive 

disorder 2 1 0

Depression 2 1 0
Alcohol dependence 1 0 1
Previous psychiatric 

diagnosis
Depression N=9 9 4 4

Panic disorder N=3 3 0 2
MADRS Mean ± SD 9.9 ± 8.4 (N=18) 6.9 ± 6.8 (N=10) 10.9 ± 4.2 (N=7)

BSA Mean ± SD 5.7 ± 3.7 (N=18) 4.6 ± 3.3 (N=10) 5.9 ± 2.4 (N=7)
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questions about previous suicide attempts, the suicide 
attempt rate was also calculated in relation to the 37 patients 
who completed the questionnaire, 3/37 (8.1%), in the 59 
patients invited to participate in the study, 3/59 (5.1%), and 
in all patients, 3/71 (4.2%). 

Correlation analysis: No correlations were found 
between p-renin or p-aldosterone levels and the CPRS 
subscales MADRS or BSA (N=6). Strong correlations were 
found between the self-rated MADRS-S score and the MADRS 
score resulting from the psychiatric examination (R=0.83, p = 
0.001), and between the HAD anxiety score and the BSA score 
(R=0.80, p < 0.001).

Bias

Thirty-seven patients completed the questionnaire, and of 
these 18 were examined by the resident in psychiatry. Cross 
tabulation was used to investigate whether the 18 patients 
examined differed from the patients participating only in the 
questionnaire part of the study. Signi icantly more patients 
who participated in the clinical psychiatric examination 
reported a history of depression than among those who did not 
take part in the psychiatric examination: 8/18 versus 0/19 (p 
= 0.001). No signi icant difference was found in the reported 
history of anxiety between the patients who participated in 
the clinical psychiatric examination and those who did not 
take part in the psychiatric examination: 8/18 versus 5/19 
(p=NS) (Table 2).

Discussion
In this study we found a high rate of anxiety disorders 

(56%) and previous suicide attempts (17%) in patients with 
suspected RAS, when evaluated by psychiatric examination. 
We therefore suggest that anxiety disorders are more common 
in patients with suspected RAS than in the general population. 
The lifetime prevalence of an anxiety disorder in the general 
population is between 10% and 29% [2,3]. The anxiety rate 
in patients with suspected RAS may also be higher than in 
patients with hypertension in general. In a study based on 
over two million patients in Sweden, investigating registered 
diagnoses over a ive-year period, it was found that 7.1% of 
the patients with hypertension also had a diagnosis of anxiety, 
compared with 6.3% of normotensive patients [34]. Patients 
with PA and RAS both overproduce aldosterone. A higher 
ratio of anxiety has been found in patients with PA (12/23 
= 52%) than in those with essential hypertension (4/23 = 
17%) [24]. Few studies have been carried out to investigate 
psychiatric comorbidity in RAS patients. However, it was 
shown in a recent case report [35] that successful PTRA in a 
patient with RAS cured problems of anxiety, negativism and 
asthenia. Renin and aldosterone levels were normalized one 
month after the intervention, and the psychiatric symptoms 
had disappeared. 

Depression, on the other hand, was not as frequent as 
anxiety in our study. Only 2 out of 18 (11%) patients who 

underwent the psychiatric examination met the DSM-IV 
criteria for current depression. In a study by Sandstrom, et al., 
the prevalence of depression in patients with hypertension 
was found to be 9.6%, compared to 6.9% in normotensive 
patients [34].

In spite of the high rate of anxiety disorders the patients 
in the present study had relatively low MADRS-S and HAD 
scores. The HAD anxiety score for patients who met the 
DSM-IV criteria for diagnosis of an anxiety disorder was 8.0 
± 3.5, corresponding to a possible anxiety disorder [26]. The 
discrepancy between the M.I.N.I. interview score and the self-
rating scores may re lect the better evaluation of anxiety in 
the M.I.N.I. interview than the self-rated HAD scores. 

An important limitation of this study concerning the 
high rate of anxiety disorders and suicide attempts is that it 
could be argued that only patients with psychiatric illness 
were interested in taking part in the clinical psychiatric 
examination, and that the high occurrence of psychiatric 
morbidity might, therefore, be a result of selection bias. 
Therefore, cross tabulation was used. This showed that self-
reported anxiety by those completing the questionnaire was 
not over-reported in the group of patients who underwent 
the psychiatric examination, compared to those who only 
participated in the questionnaire part of the study. However, 
patients participating in the psychiatric examination reported 
previous depression more frequently than patients who only 
completed the questionnaire. This suggests that patients with 
previous depression were more prone to participate in the 
clinical psychiatric examination. 

Questions about previous suicide attempts were not 
included in the questionnaire in this study, and thus cross 
tabulation could not be used to investigate possible selection 
bias regarding suicide attempts. The suicide attempts had 
occurred 23-47 years ago, before the onset of hypertension. 
The occurrence of a previous suicide attempt in this study is 
estimated between 4.2% and 16.6%. This should be compared 
with a lifetime prevalence of 2.7% reported for suicide 
attempts in the general population [36]. Thus, it is possible 
that the rate of previous suicide attempts is increased in 
patients with suspected RAS.

Patients suffering from RAS exhibit over-activation of 
their RAAS [37]. In this study we found increased renin levels 
but not aldosterone levels, and that patients with RAS had 
signi icantly higher renin levels than those without RAS. The 
reason for this discrepancy may be effects of antihypertensive 
medication. It should also be mentioned that when the study 
was designed, it was assumed that renin and aldosterone 
levels were determined in all patients remitted for renal 
angiography, however, this was the case in only 13 of 37 
patients. The fact that renin, but not aldosterone, levels were 
elevated in RAS patients is probably explained by the fact that 
patients both with and without a signi icant pressure gradient 
in the renal artery showed some degree of kidney dysfunction.
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One of our hypotheses was that symptoms of depression or 
anxiety would be reduced after endovascular dilatation in RAS 
patients. However, when RAS patients who were successfully 
stented rated their symptoms of anxiety and depression 
before and 6 months after the intervention, no such effect was 
found. 

The patients included in this study had a large number 
of somatic disorders, and medication may also have affected 
the results. It has generally been thought that treatment with 
beta-blockers may induce symptoms of depression. However, 
recent studies do not support this [38]. Another limitation is 
the fact that 10 patients could not be included in the study 
as they were impossible to reach by phone or did not speak 
Swedish. However, this limitation applies to all studies using 
questionnaires.

The mechanisms by which overactivation of the RAAS can 
have depressive and anxiogenic effects are unclear. MR are 
found in the hippocampus, amygdala and nucleus accumbens 
( [16]. Animal studies have shown that aldosterone can pass 
through the blood–brain barrier [39]. Rats treated with 
aldosterone exhibit symptoms of depression and anxiety 
[17,18], and we have previously found a positive correlation 
between depressive symptoms and aldosterone concentration 
in humans [40]. In the present study we also found a positive 
correlation between the MADRS-S score and aldosterone level 
in patients with RAS, although the number of patients was 
small.

In 90% of cases, RAS is due to atherosclerosis. Patients 
with general atherosclerosis have elevated levels of cytokines, 
and patients with RAS have been found to exhibit elevated 
in lammatory activity. Cytokines are elevated compared to 
healthy controls in all patients undergoing renal angiography 
– both those with, and those without, a pressure gradient 
between the aorta and the renal artery [31]. 

Increased levels of cytokines have also been reported 
in patients with depression [41], and there is evidence that 
in lammation is involved in depressive pathophysiology, 
although the extent is debated [42]. The role of 
neuroin lammation in anxiety disorders, on the other hand, has 
been less investigated, but the overproduction of cytokines, 
similar to that in depression, has also been reported in this 
setting [43].

In lammation has also been linked to suicidal behaviour 
[44,45]. Although the possible higher incidence of previous 
suicide attempts observed in this study occurred before the 
onset of hypertension. Increased in lammatory activity in 
these patients might have been a risk factor for both suicide 
and somatic illness. This should be investigated in future 
studies.

The results of this study suggest that patients with 
suspected RAS have a high psychiatric comorbidity, as 56% 

of the patients undergoing psychiatric examination met 
the DSM-IV criteria for a current anxiety disorder. Previous 
studies have also found an increased prevalence of anxiety in 
patients with hypertension. In light of these indings, it may be 
important to examine the occurrence of anxiety disorders in 
patients with treatment-resistant hypertension. 

We were not able to ind any improvement in depressive 
or anxiety symptoms after PTRA, followed by stent placement. 
As the number of patients included in this study was small, 
and no control group was used, more extensive studies are 
warranted.
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