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Abstract 
Objective: To observe the influence of the treatment of depression on the regularization of blood 
pressure and heart rate of individuals with hypertension and depression. Methods: A total of 30 
individuals who were being treated for hypertension were diagnosed for depression participated 
in this study. Escitalopram (10 - 20 mg) was administered to 15 individuals, while the other 15 
received placebo. These individuals were followed for 8 weeks with regular monitoring of blood 
pressure and heart rate. Scores on the Hamilton Depression Rating Scale were evaluated within 
the first, second, fourth, and eighth weeks of the study onset. The same 30 individuals were fur-
ther divided into groups who had or had not undergone depression remission, regardless of 
whether the individual was receiving the active drug or placebo. Likewise, in order to observe the 
influence of sleep regularization, the patients were divided into groups based on whether their 
sleep quality had improved. Results: There was a significant decrease in the average systolic 
blood pressure of the normal-sleep group (−20.07 ± 13.45 vs. −9.43 ± 14.87 mmHg, p = 0.04). 
Heart rate was lower in the escitalopram than in the placebo group: 66.88 ± 9.62 vs. 74.19 ± 9.55 
bpm, p = 0.04. Conclusion: Treatment with escitalopram decreased heart rate, improved sleep 
quality, and decreased blood pressure. 
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1. Introduction 
Depression and cardiovascular disease are the two leading causes of disability worldwide and are among the five 
most frequent chronic diseases in elderly patients [1]. 

Numerous studies suggest that depression or depressive symptoms that do not meet the criteria for major de-
pressive disorder are risk factors for cardiovascular disease in healthy subjects [2], recurrence of pre-existing 
cardiovascular events [3] [4], and worse prognosis after revascularization of the coronary arteries [5]. 

Data from 30,801 adults in the “National Health Survey [6]” showed that annually depressive disorder was 
prevalent in 4.8% of the American population as a whole. Among individuals with systemic hypertension (SH), 
this prevalence rises to 8% with a relative risk of 2.00. Adamis and Ball [7], as well as Nakagawara [8], de-
scribed the increased prevalence of hypertension in patients with depression. 

In Brazil, Amaral et al. [9] found that major depressive disorder was prevalent in 20% of outpatients from a 
university referral center for hypertension. Moreover, Benseñor et al. [10] observed a prevalence of 58.5% in 
other clinics that specialized in hypertension. 

Another prospective study suggested that depression should be a risk factor for development of hypertension. 
Jonas et al. [11] evaluated a cohort of 2992 men and normotensive women through the “National Health and 
Nutrition Examination Epidemiologic I Follow-Up Study”, which lasted 7 - 16 years. Incident hypertension was 
defined when patient blood pressure (BP) was ≥160/95 mmHg. In this cohort, higher scores of anxiety and de-
pression were independent predictors of incident hypertension in white individuals aged 45 - 64 years. 

Rabkin et al. [12] studied 452 outpatients; the diagnosis of major depression according to the Diagnostic and 
Statistical Manual of Mental Disorders (DSM) III was three times more common among individuals with hyper-
tension than those without. This was true even after correcting for age, sex, chronic medical illness, and current 
use of antihypertensive medication.  

Hopelessness, one of the clinical features of depression, is also associated with a higher incidence of hyper-
tension. Everson et al. [13] followed 616 normotensive men from Eastern Finland, aged 42 - 60 years, for 4 
years. Hopelessness was measured by two items that assessed negative expectations about the future and per-
sonal goals; individuals with higher scores of hopelessness at baseline were three times more likely to become 
hypertensive. 

Poulter et al. [14] analyzed the effect of migration, a life event known to cause stress. A group of 63 individu-
als who migrated from rural to urban Kenya, and 143 controls who continued to live in rural areas were fol-
lowed for 24 months. The Kenyan population is known to have lower BP (120 × 60 mmHg). The mean systolic 
BP of the migrant group was significantly higher than that of the controls. The weight and heart rate (HR) were 
also higher in migrants. HR variation also appeared to be associated with stressful events. In addition, the uri-
nary sodium/potassium ratio was higher in migrants, indicating a diet change influenced BP oscillation.  

Regarding the physiological mechanism inherent to both depression and hypertension, it probably involves 
the sympathetic nervous system, hypothalamus-pituitary-adrenal (HPA) axis, and renin-angiotensin-aldosterone 
(RAA). 

The role of the SNS is well established in hypertension. In summary, it is known that the SNS, via the release 
of norepinephrine (NE), acts on beta1 receptors in the juxtaglomerular apparatus increasing renin levels, on al-
fa1B receptors in the tubules, resulting in decreased sodium excretion, and on alpha1A in renal artery, causing 
decreased renal blood flow and a decreased glomerular filtration rate [15]. A lot of evidence points to the in-
volvement of the SNS in depression. Briefly, in patients with depression, NE and metabolite of NE (MHPG), 
levels increase in the cerebrospinal fluid (CSF) and urine. Individuals with depression also exhibit increased 
baseline levels of plasma NE, as well as attenuated response to alpha2 agonists, growth hormone, and increased 
density activation of platelets alpha2. Moreover, antidepressants whose biochemical effects include increasing 
NE have proved effective in treating depression, while the reduction of NE metabolism (turnover) has shown to 
be an efficient antidepressant treatment. 

With regard to the involvement of the HPA axis, patients with depression have been found to exhibit in-
creased corticotropin-releasing factor (CRF) in the CSF and an attenuated response of the adrenocorticotropic 
hormone (ACTH) to stimulation by CRF. Reduced CRF receptor levels have been in the frontal cortex of indi-
viduals who have attempted suicide in post-mortem studies. Patients with depression often exhibit increased pi-
tuitary and adrenal glands activity, as well as increased cortisol production during a depressive episode. In addi-
tion, they display non-suppression during the dexamethasone suppression test, and increased urinary free-corti- 
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sol concentrations. CRF agonists have been shown to elicit depressogenic behavioral and anxiogenic effects. 
Moreover, CRF receptor antagonists and glucocorticoid blockers have both proved effective in treatment of de-
pression [16]. In the cardiovascular system, cortisol potentiates the vasoconstrictor effects of catecholamines, 
which is important for maintaining vascular tone. In addition, glucocorticoids enhance the effects of angioten-
sin-2 and reduce the vasodilatory effects of nitric oxide in the endothelium [17]. 

The first evidence that the renin-angiotensin (RAA) system plays an important role in depression came with 
the observation that captopril induced an antidepressant effect in hypertensive rats that suffered from depression 
[18] [19]. Furthermore, the antidepressants fluoxetine, desipramine, and tranylcypromine are known to reduce 
dipsogenicity induced by angiotensin-2 [20]. Pretreatment with captopril reduces immobility in the forced swim 
test, which is an animal model of depression; this effect is equivalent to pre-treatment with the antidepressants, 
imipramine and mianserine [21]. Additionally, captopril administration proved as effective as imipramine in an 
animal model of learned helplessness [22]. In other studies, high levels of aldosterone were found in a sample 
of patients who met the criteria for depressive disorder, compared with controls matched for age and sex. Renin 
levels were also likely to increase, although this particular finding was not significant [23] [24]. 

Obstructive sleep apnea seems related to both diseases. In the United States, data from the “National Ambu-
latory Medical Care Survey” and “National Hospital Ambulatory Medical Care Survey” (2008 to 2009) reported 
4.1 million outpatient visits with this primary diagnosis. Among patients with obstructive sleep apnea, there was 
a 23.2% comorbidity rate for depression and 53.8% for hypertension. Moreover, the odds ratio (OR) for depres-
sion was 2.5 [25]. 

It is also known that individuals with depression are more sedentary, less adherent to medications, less able to 
change their lifestyle, and more likely to smoke and abuse alcohol [26] [27]. These habits are also risk factors 
for hypertension.  

Therefore, there is a lot of evidence that depression influences both SH and HR. 

2. Objectives 
Primary: To assess whether the use of escitalopram influenced blood pressure and heart rate levels in patients 
(treated and depressed) with stage 1 or 2 hypertension. 

Secondary: To assess whether the remission of depression influenced the blood pressure and heart rate of pa-
tients (treated and depressed) with stage 1 or 2 hypertension. 

Tertiary: To assess whether regularization of sleep influenced the blood pressure and heart rate of patients 
(treated and depressed) with stage 1 or 2 hypertension. 

3. Materials and Methods  
Figure 1 shows the chronological sequence of procedures and visits established by the study protocol, which 
will be detailed in the summary of the study protocol. 

3.1. Summary of Study Protocol (Figure 1) 
At time 0, patients in the hypertension clinic of the Department of Nephrology (UNIFESP) were selected ac-
cording to inclusion and exclusion criteria. Selected patients underwent a complete physical examination; the 
Self-Report Questionnaire (SRQ 20) and Structured Clinical Interview for DSM-IV (SCID) tests were adminis-
tered for diagnosis of depression. At this time, anti-hypertensive drugs were suspended (“Wash-out”) and life-
style changes were recommended [28]. 

At time 1, after 2 weeks from time 0, a physical exam was performed and the presence of hypertension (stages 
1 or 2) was confirmed. At this time point, the Hamilton Depression Rating Scale (HAM-D) was applied to assess 
the intensity of depression and sleep quality. Finally, patients who met the criteria were randomized to groups that 
either received 10 mg of escitalopram or placebo. All received losartan/hydrochlorothiazide 50/12.5 mg. 

Time 2, after another 2 weeks, patients underwent a complete physical examination and the HAM-D test was 
conducted to evaluate the scores of depression. 

At time 3, in the sixth week of the protocol, a physical examination and evaluation of the depressive state was 
conducted, and escitalopram or placebo doses were scaled up to two capsules/day for non-respondent patients.  

Finally, at time 4, the tenth week of the protocol, the investigator again performed the complete physical ex-  
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Figure 1. Study protocol.                                                                                         

 
amination and evaluation of depression through the HAM-D test. 

3.2. Population 
At baseline, time (t) 0, patients of both sexes who followed routine outpatient care for hypertension treatment in 
the hypertension clinic at the Nephrology Discipline of the Federal University of São Paulo (UNIFESP) had 
their charts evaluated and selected (Figure 1). Those patients met the following criteria in the period from 
6/3/2010 to 21/11/2010: 

1) Inclusion criteria: 
• Age between 18 and 65 years; 
• Hypertension stage 1: diastolic blood pressure (DBP) 90 - 99 mmHg and/or systolic blood pressure (SBP) 

140 - 159; 
• Hypertension stage 2: DBP 100 - 109 mmHg and/or PAS 160 - 179 mmHg; 
• Depressive episode diagnosis. 

2) Exclusion criteria: 
• Presence of liver disease, congestive heart failure, chronic renal failure and/or acute myocardial infarction- 

diseases or comorbidities that would prevent the patient to attend scheduled visits or might interfere with the 
metabolism of the study drug; 

• Secondary hypertension; 
• Use of psychotropic drugs; 
• Psychotic disorder, alcohol abuse or illicit drugs, and/or risk of suicide-as in SCID scale [29] specified be-

low. 
Patients who agreed to participate in the study signed the Terms of Consent. This research project was ap-

proved by the Research Ethics Committee of the Federal University of São Paulo (UNIFESP-HSP), No. 1551/08. 
Registered in Brazil Platform, CAAE No. 31068214.5.0000.5505.  

3.3. Clinical and Demographic Data 
In the initial evaluation (t0), we obtained the following clinical and demographic data through direct questioning, 
clinical examination, and chart review: 
• Age-in years; 
• Gender; 
• Level of education-determined by the number of years of study; a level of 8 was set for elementary school 

graduates, 11 for the high school degrees, and 15 if the patient completed college; 
• Job; 
• Civil-State considering legal marriage as married and divorced as single; 
• Number of chronic diseases-the medical records were reviewed and taken into account for other chronic 

diseases as well as for depressive disorder and hypertension, which were not an exclusion criteria; 
• Antihypertensive quantity-recorded as in the medical records, a point was assigned when the patient used the 

standard dose of a given medication; 
• Smoking-asked directly to the individual. A patient was considered as a nonsmoker if abstinent for more 

than 1 year. Evaluated at t1 and 4; 
• Use of oral contraceptives-evaluated at t1 and 4; 
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• Physical inactivity-patients were questioned about their physical activity; inactivity was considered when ac-
tivities were practiced less than twice a week. Evaluated at t1 and 4; 

• Alcohol intake-this was evaluated by the number of drinks per week. A patient was excluded from the study 
if alcohol abuse was identified (judged to be more than five drinks per week) [30]. Evaluated at t1 and 4; 

• Weight and height-weight was measured in kilograms, a Filizola-branded balance (maximum load of 150 
kg), and the height in meters with an anthropometric ruler with the balance; 

• Body mass index (BMI) was calculated by dividing weight (in kilograms) by height squared (in meters) (31). 

3.4. Psychometric Scales 
In this study, the principal investigator administered the SRQ-20 [29], which has been validated in Portuguese to 
evaluate psycho-emotional disorders. 

The application of the scale lasted for 15 minutes, and served to detect individuals with any mental disorder, 
including, panic disorder, bipolar disorder, or paranoid schizophrenia, without necessarily being affected by de-
pressive disorders that were of interest to this study. A score of 7 out of a maximum of 20 was considered the 
cut-off point [31]. 

Patients screened by the SRQ-20 underwent SCID [32] to confirm whether they had depressive disorder. This 
scale is also validated in Portuguese and testing lasts for approximately 1 hour. This interview provided further 
evaluation and justified excluding other psycho-emotional disorders that were incompatible with this study, such 
as psychotic disorders, history of alcohol and/or other substances, and/or suicide risk. Also confirms depressive 
disorder. 

After the selection of patients in the 2nd week (t1), the HAM-D was used to measure the severity of depressive 
disorder and clinical outcomes using a standardized questionnaire. The HAM-D was also used for evaluations at 
times 2 to 4. 

The response to antidepressant treatment was defined as a decrease ≥50% of the initial score on the HAM-D 
scale, and remission was defined as a drop of <60% of the HAM-D initial score as well as a final score of less 
than 9 [33]. 

To evaluate sleep quality, items 4, 5, and 6 of the HAM-D scale were considered; the higher the score ob-
tained in the sum of these items, the worst the sleep pattern was rated. At the last time point [4], we estimated 
regularization of sleep when the HAM-D scale score was equal to 0. 

3.5. BP and HR Measurement 
The determination of ambulatory BP was conducted as recommended by the VI Brazilian Guidelines of hyper-
tension [29]. We used the digital semi-automatic sphygmomanometer, Microlife brand, BP3BT0-H model be-
cause of its recommendation by the Brazilian Society of Hypertension and to avoid subjectivism of the measure. 
Each determination was performed with the patient seated for at least 5 minutes. BP and HR were measured 
three consecutive times, and an average was calculated. These procedures were carried out after the interview 
and the application of scales for diagnosing depression. 

3.6. Randomization 
This study meets the characteristics of a prospective clinical study, placebo controlled, block randomized [34], 
and double-blind. The first 15 individuals were placed in Group A and received a container with 30 capsules, 
while the remaining 15 patients were allocated to group B and also received 30 capsules. At the end of the study, 
it was revealed that group A received the placebo, while group B received escitalopram. 

The 10 mg of escitalopram was placed into 000-sized pills. Placebo capsules were the same size, shape, and 
color as escitalopram pills; however, they contained only the shell. Both the interviewer and patients were 
blinded to the study. 

3.7. Statistical Analysis 
3.7.1. Primary Objective 
A Student’s t-test was conducted between the two groups to analyze differences in the SBP at t0, t1, t2, t3 and t4; 
DBP at t0, t1, t2, t3 and t4; SBP difference between times 0 and 1 (t0-t1) and between times 1 and 4 (t4-t1); 
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DBP difference between times 0 and 1 (t0-t1) and between times 1 and 4 (t4-t1). 
As additional measures, HR at t0, t1, t2 and t4; HAM-D scores at t1, t2, t3 and t4; and the change in BMI be-

tween t1 and t4 were compared between the two groups using a Student’s t test. A p-value equal to or less than 
0.05 was considered significant. 

3.7.2. Secondary Objective 
The placebo and escitalopram were collected and separated again by the status of depression remission. Remis-
sion was defined as a decrease of 60% of the initial HAM-D score and final score of less than 9. 

A Student’s t-test was conducted between the two groups to analyze differences in the SBP at t0, t1, t2, t3 and 
t4; DBP at t0, t1, t2, t3 and t4; SBP difference between times 0 and 1 (t0-t1) and between times 1 and 4 (t4-t1); 
DBP difference between times 0 and 1 (t0-t1) and between times 1 and 4 (t4-t1).  

As additional measures, HR t0, t1, t2 and t4; the HAM-D score t1, t2, t3 and t4 and the change in BMI be-
tween t1 and t4, between the two groups were analyzed by Student’s t test. P ≤ 0.05 was considered significant. 

3.7.3. Tertiary Goal 
Upon merging escitalopram and placebo groups, a further classification was made to evaluate the status of sleep. 
The new groups comprised of the normal sleep group that had variable sleep in t4 equal to zero, and the sleep-
less group with sleep score at t4 greater or equal to 1. 

A Student’s t-test was conducted between the two groups to analyze differences in the SBP at t0, t1, t2, t3 and 
t4; DBP at t0, t1, t2, t3 and t4; SBP difference between times 0 and 1 (t0-t1) and between times 1 and 4 (t4-t1); 
DBP difference between times 0 and 1 (t0-t1) and between times 1 and 4 (t4-t1).  

As additional measures, HR at t0, t1, t2 and t4; HAM-D score at t1, t2, t3 and t4; and the change in BMI be-
tween t1 and t4 were compared between the two groups were using a Student’s t test. A p-value equal to or less 
than 0.05 was considered significant. 

4. Results 
The present study evaluated 87 patients, 47 (54.02%) of whom presented with some psycho-emotional disorder, 
as assessed by the SRQ-20 scale. Seventeen patients were excluded from the final sample; therefore, the study 
included 30 individuals. Grounds for exclusion were: dropout, participation in another clinical trial, and/or un-
suitability due to exclusion and inclusion criteria (mainly oscillating BP levels and diagnosis of substance abuse 
in the SCID). 

According to Table 1, the mean age of the study population was 57.2 years, with a predominance of women 
(23 versus 7 men), correlating with the prevalence of depression in the general population (3:1). Fifty percent of 
the women were homemakers and the rest were employed. Most participants were married (60%) and had, on 
average, 1.38 other chronic diseases. The most frequent comorbid disease was hypercholesterolemia, which af-
fected 40% of the sample, followed by type-2 diabetes mellitus (20%), and hypothyroidism (13%). On an aver-
age, all participants were being treated with 2.3 antihypertensives. There was a prevalence of sedentarism (80%) 
and obesity, with an average BMI of 30.8. Moreover, participants had high scores on the HAM-D scale (26.3), 
indicating severe depression. 

4.1. Escitalopram versus Placebo Effect  
Table 2, Graph 1, Graph 2 and Graph 3 show the data of escitalopram and placebo groups with their statistic-
al significance. 

The initial data revealed no significant difference in terms of age, gender ratio, number of antihypertensive 
drugs, BMI, SBP, DBP, HAM-D, or sleep score. 

The HR, in time 4 (2 months), was lower in the escitalopram group than in the placebo group: escitalopram 
66.88 ± 9.62, 74.19 ± 9.55 vs. placebo bpm, p = 0.04 (Graph 3). 

In addition, no differences were noted between the final HAM-D score and sleep between placebo and escita-
lopram groups. 

Of the 15 individuals who used escitalopram, 10 had remitting depression and 5 did not. There was a higher 
proportion of remission in the escitalopram group than in the placebo (58% vs. 42%) (Figure 2 and Table 2); 
however, this finding was not significant (Pearson chi square = 1.222, p = 0.269). A total of 14 individuals regula-  
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Graph 1. Change in average SBP of the placebo and escitalopram groups.                          

 

 
Graph 2. Average variation of DBP of placebo and escitalopram groups.                          

 

 
Graph 3. HR average variation in placebo and escitalopram groups.                                  
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Figure 2. Separation of groups concerning the remission of the depression.                                                      
 
Table 1. General characteristics, anthropometric, social and clinical participants (n = 30).                                        

Age (years) 57.2 ± 6.65 

Gender (male:female) 7:23 

Years of education 6.8 ± 3.82 

Employment (proportion of housewives) 50% 

Marital status (married) 60% 

Number of chronic diseases 1.38 ± 0.52 DM2 20% Hypercholesterolemia 40% Hypothyroidism 13% 

Antihypertensive medicine amount at the beginning 2.3 ± 0.87 

Smoking 0 

Oral contraceptive 0 

Sedentary lifestyle 80% 

Alcohol 0 

BMI beginning (kg/m²) 30.8 ± 6.56 

SBP time 0 (mmHg) 143.1 ± 12.81 

DBP time 0 (mmHg) 80.7 ± 9.67 

HR time 0 (bpm) 72.7 ± 13.57 

HAM-D time 1 26.3 ± 5.50 

Sleep score time 1 3.8 ± 2.06 

 
rized their sleep (sleep final score equal to zero); of these, 8 (57%) were in the escitalopram and 6 (43%) in the 
placebo group (Table 2). 

4.2. Effect of Depression Remission  
Among all the 30 subjects, there was remission of depression in 17 individuals, with 10 (58%) subjects from the 
escitalopram group and 7 (42%) from the placebo group (Figure 2). The other group of 13 individuals had 
non-remitting depression. These groups were formed regardless of medication used. Thus, we were able to in-
vestigate whether the remission of depression influenced HR and BP (Table 3, Graph 4 and Graph 5). 

DBP (Graph 5) at time 2 was higher in the remitting group (88.7 ± 13.63 mmHg) than in the non-remitting 
group (76.3 ± 10.08 mmHg), p = 0.011. 

In the sample of 30 patients, 14 were able to regularize their sleep independent of escitalopram or placebo 
treatment. Of these 14 subjects with normal sleep, 12 (86%) showed remission of depression and only two (14%)  
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Table 2. General, anthropometric, social, and clinical characteristics separated according to the participants use of medica-
tion (n = 30).                                                                                                     

 Escitalopram Placebo p 

Number 15 15  

Age 56.7 ± 6.14 57.6 ± 7.30 0.71 

Gender (M:F) 03:12 04:11  

Antihypertensive medicine dose at the study onset 2.1 ± 0.99 2.4 ± 0.74 0.31 

Years of education 7.2 ± 3.53 6.4 ± 3.85 0.55 

Employment (proportion of housewives) 53% 46%  

Marital status (married) 66% 53%  

Number of chronic diseases 1.3 ± 0.51 1.4 ± 0.51 0,92 

Smoking 0 0  

Oral contraceptive 0 0  

Sedentary lifestyle 93% 66%  

Alcohol 0 0  

Initial BMI (kg/m²) 31.7 ± 5.85 29.9 ± 7.29 0.47 

Initial BMI (kg/m²) 31.8 ± 5.79 29.9 ± 7.20 0.44 

SBP time 0 144.0 ± 13.50 142.2 ± 12.47 0.70 

SBP time 1 156.7 ± 14.64 152.4 ± 14.23 0.42 

SBP time 2 145.6 ± 15.39 138.9 ± 16.28 0.25 

SBP time 3 145.1 ± 17.62 138.5 ± 14.37 0.27 

SBP time 4 140.1 ± 15.12 140.2 ± 15.83 0.97 

DBP time 0 81.8 ± 9.67 79.6 ± 9.89 0.54 

DBP time 1 88.4 ± 9.28 87.4 ± 13.05 0.8 

DBP time 2 85.8 ± 11.91 80.9 ± 15.02 0.32 

DBP time 3 84.2 ± 11.15 79.2 ± 13.31 0.27 

DBP time 4 80.5 ± 12.06 80.4 ± 14.07 0.98 

HR time 0 72.3 ± 13.62 73.1 ± 13.99 0.871 

HR time 1 71.3 ± 8.62 74.1 ± 12.20 0.473 

HR time 2 69.8 ± 8.12 73.9 ± 13.99 0.336 

HR time 3 68.5 ± 8.16 75.2 ± 11.01 0.067 

HR time 4 66.8 ± 9.62 74.1 ± 9.55 0.0460* 

HAM-D time 1 27.9 ± 4.86 24.7 ± 5.79 0.11 

HAM-D time 4 8.2 ± 7.06 8.2 ± 3.48 1.00 

Sleep score time 1 4.4 ± 1.84 3.2 ± 2.15 0.11 

Sleep score time 4 1.8 ± 2.53 0.8 ± 0.91 0.16 

Δ time 1 - time 0 SBP 12.7 ± 17.88 10.2 ± 8.34 0.63 

Δ time 0 - 1 time DBP 6.5 ± 9.27 7.7 ± 10.48 0.74 

Δ time 4 - 1 time SBP −16.6 ± 16.15 −12.1 ± 13.91 0.42 

Δ time 0 - 1 time DBP −7.9 ± 9.29 −6.9 ± 7.70 0.77 

Remitting 10 (58%) 7 (42%) Total 17 

Non-remitting 5 (38%) 8 (61%) Total 13 

Normal sleep 8 (57%) 6 (43%) Total 14 

Sleepless 7 (43%) 9 (56%) Total 16 
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Table 3. General, anthropometric, social, and clinical characteristics separated according to the remission status of partici-
pants (n = 30).                                                                                                     

 Remitting Non-remitting p 

Number 17 13  

Age 56.2 ± 5.92 59 ± 8.43 0.31 

Gender 04:13 03:10  

Antihypertensive medicine dose at the study onset 2.2 ± 1.03 2.3 ± 0.65 0.65 

Years of education 6.7 ± 3.11 7 ± 4.39 0.86 

Employment (proportion of housewives) 41% 53%  

Marital status (married) 52% 61%  

Number of chronic diseases 1.4 ± 0.52 1.2 ± 0.46 0.39 

Smoking 0 0  

Oral contraceptive 0 0  

Sedentary lifestyle 71% 93%  

Alcohol 0 0  

Initial BMI (kg/m²) 29.4 ± 5.99 32.6 ± 7.06 0.19 

Initial BMI (kg/m²) 29.4 ± 5.76 32.8 ± 7.10 0.16 

SBP time 0 142.6 ± 12.65 143.7 ± 13.49 0.82 

SBP time 1 157.1 ± 15.83 151.2 ± 11.94 0.27 

SBP time 2 146.6 ± 16.39 136.5 ± 13.84 0.08 

SBP time 3 144.0 ± 17.89 138.8 ± 13.66 0.39 

SBP time 4 141.2 ± 16.33 138.8 ± 14.15 0.68 

DBP time 0 81.3 ± 10.47 79.9 ± 8.87 0.69 

DBP time 1 90.9 ± 11.37 84.0 ± 9.90 0.09 

DBP time 2 88.7 ± 13.63 76.3 ± 10.08 0.01* 

DBP time 3 84.4 ± 12.54 78.1 ± 11.56 0.17 

DBP time 4 84.2 ± 14.05 75.6 ± 9.62 0.07 

HR Time 0 73.6 ± 13.65 71.5 ± 13.94 0.68 

HR Time 1 72.2 ± 9.69 73.3 ± 11.81 0.79 

HR Time 2 72.0 ± 10.63 71.7 ± 12.85 0.94 

HR Time 3 70.6 ± 9.30 73.5 ± 11.30 0.46 

HR Time 4 70.4 ± 9.93 70.6 ± 10.80 0.95 

HAM-D time 1 26.9 ± 5.03 25.5 ± 6.18 0.50 

HAM-D time 4 4.6 ± 3.06 12.8 ± 4.31 0* 

Sleep score time 1 3.4 ± 2.00 4.3 ± 2.10 0.24 

Sleep score time 4 0.8 ± 1.81 2.0 ± 1.93 0.08 

Δ time 4 - 1 time SBP 14.4 ± 14.76 7.4 ± 11.72 0.17 

Δ time 0 - 1 time DBP 9.5 ± 8.40 4.0 ± 10.80 0.12 

Δ time 1 - time 0 SBP −15.9 ± 15.88 −12.4 ± 14.10 0.53 

Δ time 1 - time 4 PAD −6.7 ± 8.76 −8.3 ± 8.14 0.61 

Normal sleep 12 (86%) 2 (14%) Total 14 

Sleepless 5 (31%) 11 (69%) Total 16 

Escitalopram 10 (67%) 5 (33%) Total 15 

Placebo 7 (47%) 8 (53%) Total 15 
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Graph 4. Changes in average SBP of remitting and non-remitting groups.                            

 

 
Graph 5. Changes in average DBP of remitting and non-remitting groups.                          

 
showed no improvement (Table 3). 

4.3. Sleep Regularization Effect 
After obtaining sleep scores (Table 4), patients were divided into a normal sleep group (n = 14) with a final 
sleep score of 0, and a sleepless group (n = 16) with sleep scores ≥ 1. 

Since the study onset, there was no difference in terms of age, number of antihypertensive drugs taken, BMI, 
HR, HAM-D, and sleep across all participants. Interestingly, a higher proportion of men were fallen into the 
normal sleep group (55% × 14%) than woman. 

With regard to the SBP, according to Table 3 and Graph 6, there was a significant decrease in the average 
SBP of the normal sleep group during treatment. This was not observed in the insomniac group (Δt1-t4: −20.07 
± 13.45 × −9.43 ± 14.87 mmHg; p = 0.04). 

For the DBP (Graph 7), it was observed that the normal sleep group had a significant increase during the 
wash-out period (Δt0-t1: 11.4 ± 8.04 × 3.4 ± 9.79 mmHg; p = 0.02). 

At time 4, the normal sleep group had average scores on the HAM-D scale that were significantly lower: 4.5 ± 
3.52 × 11.4 ± 4.81, p ≤ 0.001. 

In the sample as a whole (n = 30), there were 17 individuals with remitting depression, and 12 (71% of the 17 
remitting) belonged to the normal sleep group while 5 (29%) belonged to the insomniac group (Figure 3 and 
Table 4). In the non-remitted depression group (13 persons), only 2 participants (15% of non-remitting 13) had 
normal sleep, while 11 (85%) remained insomniacs (Table 4). This difference was statistically significant (chi 
square = 9.020 Pearson, p = 0.003).  
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Table 4. General, anthropometric, social, and clinical characteristics separated according to sleep status (n = 30).                        

 Normal sleep Sleepless p 

Number 14 16  

Age 55.0 ± 6.98 59.5 ± 6.75 0.084 

Gender 05:09 (55%) 02:14 (14%)  

Antihypertensive medicine amount at the beginning 2.3 ± 1.08 2.2 ± 0.68 0.74 

Years of education 7.2 ± 3.98 6.5 ± 3.42 0.56 

Employment (proportion of housewives) 42% 50%  

Marital status (married) 64% 43%  

Number of chronic diseases 1.5 ± 0.53 1.3 ± 0.48 0.41 

Smoking 0 0  

Oral contraceptive 0 0  

Sedentary lifestyle 71% 87%  

Alcohol 0 0  

Initial BMI (kg/m²) 29.8 ± 6.35 31.7 ± 6.81 0.44 

Initial BMI (kg/m²) 29.6 ± 6.13 32.0 ± 6.78 0.32 

SBP time 0 139.0 ± 13.39 146.7 ± 11.49 0.1 

SBP time 1 155.4 ± 16.74 153.8 ± 12.44 0.77 

SBP time 2 142.0 ± 16.83 142.4 ± 15.65 0.94 

SBP time 3 138.1 ± 17.27 145.0 ± 14.90 0.25 

SBP time 4 135.3 ± 16.40 144.4 ± 13.15 0.1 

DBP time 0 79.1 ± 9.66 82.1 ± 9.79 0.41 

DBP time 1 90.6 ± 12.88 85.6 ± 9.15 0.22 

DBP time 2 86.8 ± 13.02 80.4 ± 13.71 0.2 

DBP time 3 81.3 ± 11.69 82.0 ± 13.24 0.88 

DBP time 4 80.3 ± 12.80 80.6 ± 13.37 0.96 

HR Time 0 72.5 ± 15.02 72.9 ± 12.66 0.93 

HR Time 1 73.5 ± 9.75 71.9 ± 11.34 0.68 

HR Time 2 74.3 ± 10.35 69.7 ± 12.23 0.28 

HR Time 3 73.9 ± 9.26 70.1 ± 10.82 0.32 

HR Time 4 71.9 ± 10.17 69.2 ± 10.25 0.47 

HAM-D time 1 25.1 ± 4.97 27.3 ± 5.88 0.27 

HAM-D time 4 4.5 ± 3.52 11.4 ± 4.81 0.00012 

Sleep score time 1 3.5 ± 2.17 4.1 ± 1.99 0.47 

Sleep score time 4 0 2.5 ± 1.99 0 

Δ time 4 - 1 time SBP 16.3 ± 14.54 7.1 ± 11.85 0.065 

Δ time 0 - 1 time DBP 11.4 ± 8.04 3.4 ± 9.79 0.02 

Δ time 1 - time 0 SBP −20.0 ± 13.45 −9.4 ± 14.87 0.049 

Δ time 1 - time 4 PAD −10.2 ± 6.27 −5.0 ± 9.41 0.089 

Remitting 12 (71%) 5 (29%) Total 17 

Non-remitting 2 (15%) 11 (85%) Total 13 

Escitalopram 8 (54%) 7 (46%) Total 15 

Placebo 6 (40%) 9 (60%) Total 15 
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Graph 6. Change in average SBP normal sleep and sleepless groups.                                             

 

 
Graph 7. Change in average DBP normal sleep and sleepless groups.                                              

 

 
Figure 3. Separation of the groups based on sleep quality.                                                

 
Finally, of the 15 individuals who used escitalopram, 8 (54%) achieved regularized sleep while 7 (46%) re-

mained sleepless.  
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5. Discussion 
This was the first prospective clinical, placebo-controlled, randomized, and double-blind study to follow the 
evolution of hemodynamic parameters (BP and HR) in subjects with hypertension and depression that were be-
ing treated with escitalopram, an antidepressant of the selective serotonin reuptake inhibitors class. 

Hypertension is largely prevalent (40% of the global population [35]), just like depression (350 million people 
worldwide [36]). Both diseases also have great social impacts, as they are the two leading causes of disability 
worldwide [37]. Nevertheless, few controlled clinical studies have investigated interactions between these two 
diseases. Currently, most evidence of this interaction comes from epidemiological studies [11]-[14] that have 
compared the prevalence and/or incidence of depression and hypertension in different contexts; however, ac-
cording to Sibald [38], “controlled clinical trials are the most rigorous way to determine if there is a cause and 
effect relationship between a treatment and its outcome”. 

Other clinical studies have addressed the situation differently. Swarts and Inglis [39], for example, analyzed 
48 patients hospitalized for depression, and found a reduction of at least 20 mmHg SBP in 15 patients who had 
improved depression symptoms due to electroconvulsive therapy.  

Therefore, this is the first clinical study to indicate that the selective serotonin reuptake inhibitor, escitalopram, 
can reduce the HR of individuals with hypertension and depression. Thus, it can be inferred that the decrease in 
HR is independent of depression remission. This is clearly shown in Table 3 where, after separating out group 
variables, the decrease in HR for individuals in the placebo group at t4 is not statistically significant (70.44 ± 
9.93 to remitting and 70.66 ± 10.80 bpm to non-remitting, p = 0.95), but is significant for those who take escita-
lopram (Graph 3). The decrease in HR was also independent of sleep regularization, as shown in Table 4. It can 
also be observed that HR at t4 does not show any statistically significant change (71.99 ± 10.17 bpm) in sleep or 
group (69.26 ± 0.25 bpm) in the sleepless group (p = 0.47). 

Malik et al. [40] argued that HR was an important marker of the activity of the sympathetic nervous system. 
Thus, the decrease in HR by escitalopram in this study supports the theory that the sympathetic nervous system 
is an important mediator between hypertension and depression. Perhaps using other physiological measures, such 
as plasma dosage of norepinephrine, would increase the number of observations made on the interaction of these 
two diseases. 

When comparing placebo and escitaloprom groups, only HR (but not BP) is statistically different. This may 
be because HR is more sensitive to physiological changes of the autonomic nervous system than BP [39]. In 
longer and larger sample studies, perhaps the difference in escitalopram and placebo groups will also affect BP.  

Regarding the remission of depression, this study did not show significant changes in BP or HR (Table 3, 
Graph 4 and Graph 5). In this study, the rate of depression remission with placebo was high (41% of patients 
remitted with the placebo, while 51% remitted with escitalopram (Figure 2)), generating a lack of statistical 
difference (chi-square test = 1.222, p = 0.269). From these data, the efficacy of escitalopram could be contested, 
or the placebo could be suggested to be extraordinarily efficient. However, the Einarson review study [41] on a 
total of 997 individuals showed similar percentage averages as our results (37.6% remission with placebo and 
48.7% remission with escitalopram). Their larger study population yielded a statistically significant difference 
among groups (p = 0.003). 

This is also the first clinical, placebo-controlled, randomized, and double-blinded study to show a significant 
drop in SBP (Table 4 and Graph 6) during the course of treatment in terms of sleep regularization.  

According to Figure 3 and Table 4, we concluded that greater sleep regularization occurred with depression 
remission (71% of the 17 individuals remitting) when compared with individuals who remained depressed (only 
15% had regular sleep of the 13 non-remitting individuals) (chi-square = 9.020 Pearson, p = 0.003). According 
to Buysse et al. [42], depression is the most important cause of insomnia. Moreover, Carney et al. [43] found a 
reduction of insomnia in 79% of patients who were in depression remission due to antidepressants.   

This observation reinforces the conclusion of Gangwisch et al. [44] in which insomnia can be the mediating 
factor between hypertension and depression. This study conducted a longitudinal multivariate analysis (1982- 
1992) using the First National Health and Nutrition Examination Survey (n = 4913) database and observed that 
individuals suffering from depression were 44% more likely to develop hypertension. Including insomnia and 
sleep duration of less than 6 hours in a multivariate analysis revealed that there was a considerable decrease 
(27%) in the chance of these depressed individuals developing hypertension. 

The gold standard of treatment for obstructive sleep apnea, another sleep disorder, through continuous posi-
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tive airway pressure, has also been shown to decrease BP in subjects with resistant hypertension. As indexes of 
obstructive sleep apnea improved, SBP fell to 7 mmHg and DBP dropped to 5 mmHg. Moreover, in the control 
group who was not getting treated for obstructive sleep apnea, they observed an increase of SBP and DBP to 3 
mmHg and 2 mmHg, respectively [45].  

Other evidence suggests that sleep deprivation leads to an increase in BP. In one study, it is noted that sleep 
deprived university students have reduced endothelial vasodilation during their final examinations, which may 
lead to increased BP [46]. Individuals with fatal familial insomnia, which causes total sleep deprivation, also 
exhibit dysautonomia, adrenal hyperactivity, and hypertension [47]. Other studies have shown the influence of 
sleep on the development of both SH [48] and depression [49]. 

It is noteworthy that the sleep parameter is more perceived by the patient than other measures of depression 
(e.g., volition, self-esteem, and cognition), and is therefore easier to measure. Moreover, patients can more easi-
ly identify an improvement in sleep than in self-esteem. Perhaps because of this, the difference observed in this 
study appeared in the sleep parameter rather than in the improvement of depression.  

Our study also has the following limitations: the total sample of 30 subjects (15 per group) can be considered 
small; the semiautomatic digital sphygmomanometer used to measure BP and HR can generate observation bias 
(being more indicated the use of 24 hours ambulatory blood pressure monitoring device) [50]; and finally the 
observation time of two months may be considered short. This latter limitation seems evident, because by ob-
serving chart 4, the intervention group displays a downward trend in SBP values over time and this trend can 
continue if the intervention time is prolonged. 

The results of this study are consistent with the hypothesis that antidepressant treatment, with or without me-
dication, has influence on SH and HR. The methodology can be used and improved for further studies to inves-
tigate the relationship between the two diseases, an interaction which lacks appropriate clinical studies. 

As a final observation, this work leaves a message to clinicians that currently treat hypertension that they 
should be more attentive to comorbid depression. Moreover, it is essential that they intervene in these cases for 
better control of blood pressure. Likewise, doctors treating depression should also assess for SH. In conclusion, 
this study advocates a comprehensive care of the patient—one that does not separate between physical and emo-
tional illnesses. 
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Acronyms 
SH = hypertension; BP = blood pressure; DSM = Diagnostic and Statistical Manual of Mental Disorders; SRQ 
20 = Self-Report Questionnaire; SCID = Structured Clinical Interview for DSM-IV; HR = heart rate; SNS = Sym-
pathetic nervous system; HPA = hypothalamus-pituitary-adrenal axis; RAA = renin, angiotensin, aldosterone sys-
tem; NE = norepinephrine; CSF = cerebrospinal fluid; HAM-D = Hamilton Depression Rating Scale; CRF = cor-
ticotropin releasing factor; ACTH = adrenocorticotropic hormone; BMI = body mass index; SBP = systolic blood 
pressure; DBP = diastolic blood pressure; t = time. 
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