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Abstract
Background  No study has evaluated the cardiovascular effects of diazepam in elderly subjects that assume diazepam to 
induce sleep.
Purpose  The present study was carried out in order to evaluate the effects of chronic administration of diazepam as hypnotic 
drug on blood pressure (BP) and heart rate (HR) in healthy elderly subjects.
Patients and methods  Healthy, elderly subjects, aged 65–74 years, were treated with diazepam 5 mg or placebo—both 
administered once a day in the evening—for 4 weeks in two cross-over periods, each separated by a 2-week placebo period, 
according to a randomized, double-blind, cross-over design. At the end of each study period, clinical as well as 24-h ambu-
latory BP and HR were evaluated.
Results  A total of 25 subjects were included in the analysis. At the end of a 4-week diazepam treatment, clinical as well 24-h 
BP and HR mean values were not significantly affected. Analysis of sub-periods showed that during night-time, systolic BP 
(SBP) values under diazepam were 7.6% higher than under placebo, with a mean difference of 7.9 mmHg (p < 0.01), diastolic 
BP (DBP) values were 5.8% higher, with a mean difference of 3.7 mmHg (p < 0.05 vs placebo) and HR values were 6.6% 
higher with a mean difference of 4.2 b/min (p < 0.05). The HR increase observed with diazepam persisted during the morning 
hours, whereas during the afternoon and evening hours SBP, DBP and HR values were similar in the two treatment groups.
Conclusions  In elderly subjects chronic assumption of diazepam as hypnotic agent produced an increase in BP, in particu-
lar SBP, during night-time and of HR during night-time and morning hours. These effects, which probably depend on a 
diazepam-mediated increase in sympathetic drive and decrease in vagal tone, might be of clinical relevance due to the role 
of increased BP and HR as independent predictors of cardiovascular morbidity and mortality.
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Introduction

Prevalence of insomnia is known to increase with age, and 
benzodiazepines (BDZ) are the most widely prescribed hyp-
notic drugs: observational studies suggest that 13–25% of 
subjects aged 65 or older regularly assume BDZ to induce 
sleep [1, 2]. Several reports have demonstrated that chronic 
use of BDZ is associated with both cognitive/psycho-
motorial impairment [3] and increased risk of falls [4]. 
Conversely, a few studies have assessed the cardiovascular 
effects of BDZ, in particular those of diazepam, which is one 
of the most used BDZ and the only one which does not seem 
to increase the risk of falls in elderly persons [5].

The studies which assessed the cardiovascular effects 
of diazepam in young and adult individuals, although not 
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univocal and difficult to compare due to their great meth-
odological variety, yet suggest that diazepam assumption 
produces, on the one hand, an attenuation of sympathetic 
drive, with consequent slight reduction of blood pressure 
(BP) [6] and, on the other hand, a reduction of vagal tone, 
with consequent heart rate (HR) increase [7, 8]. These find-
ings, however, cannot be shifted to elderly subjects, since 
pharmacokinetic properties of diazepam—as well as its 
receptor binding properties—significantly change with 
increasing age.

As to the pharmacokinetic characteristics, diazepam’s 
steady-state plasma levels are attained more slowly and 
reach higher values in elderly patients, while elimination 
half-life of the drug is three to fourfold greater than in the 
young patients [9]. These characteristics are mainly related 
to the increase in the diazepam’s volume of distribution in 
elderly subjects, and this depends, in turn, on age-related 
changes in the relative proportion of adipose and lean tissues 
[10, 11]. A minor role seems to be played by the clearance 
rate of the drug from the systemic circulation, which is only 
slightly reduced [11].

With respect to the age-related changes in diazepam 
receptor binding, a reduced sensitivity of BDZ receptors to 
their agonist with increasing age has been described [12, 
13]. This seems to be due neither to a reduced binding poten-
tial nor to a reduced receptor number, but rather to an altera-
tion of the GABA-BDZ receptor complex, that modifies its 
molecular composition and pharmacological properties [14]. 
In particular, a decrease in γ2 molecular subunit expression 
has been described in the elderly [15, 16].

Only two observational studies have specifically evalu-
ated the cardiovascular effects of diazepam in the elderly: 
the first one included subjects over 70 years with coronary 
heart disease in which intravenous administration of diaz-
epam was accompanied by a slight and transient increase in 
BP [17]; the other one concerned patients aged 60 years and 
over in which diazepam was administered as a pre-medica-
tion before cataract surgery and it reduced the BP rise that 
often occurs during this operation [18]. To the best of our 
knowledge, to date no study has evaluated the cardiovascular 
effects of diazepam in a large population of healthy elderly 
subjects chronically assuming diazepam to induce sleep.

With this background, the present study was undertaken 
to assess the effects of chronic evening administration of 
diazepam on clinical and 24-h ambulatory BP and HR in 
healthy, elderly subjects.

Patients and methods

Both male and female healthy volunteers, between 65 and 
74 years, were enrolled in this randomized, double-blind, 
cross-over study, subject to their compliance with the 

following inclusion criteria: normal blood pressure values 
(sitting SBP < 140 mmHg and DBP < 90 mmHg) at the 
end of an initial 2 week placebo period; normal depression 
and anxiety evaluation (scores < 16 on the Hamilton Rat-
ing Scale for Depression, HRSD and < 14 on the Hamilton 
Rating Scale for Anxiety, HRSA); normal BMI (< 24.9 kg/
m2); no use of any type of drugs, no smoking habit; nor-
mal ECG; and normal kidney function (serum creatinine 
< 1.3 mg/dL, eGFR ≥ 90 mL/min per 1.73 m2, albumin 
excretion rate < 30 mg/24 h). Subjects with diabetes mel-
litus, hepatic failure, pregnancy, history of cardiovascular 
events or known hypersensibility to the drugs used in the 
study were excluded.

The study protocol was approved by the local Ethical 
Committee, and informed consent in writing was obtained 
from all volunteers at the time of their enrolment. Following 
an initial 2-week, wash-out period during which placebo 
was administered and any eventual drug was withdrawn, 
the subjects satisfying the inclusion/exclusion criteria were 
randomized to treatment either with diazepam 5 mg or pla-
cebo, both administered once per day at the same hour in 
the evening (between 10 p.m. and 11 p.m.) for 4 weeks in 
two cross-over periods, each separated by a 2 week placebo 
period. A 2-week, placebo wash-out period between the first 
and the second cross-over periods was considered to be suf-
ficient to prevent any carry-over effect or, more generally, 
a treatment-by-period interaction [19]. To maintain double-
blindness, diazepam and placebo were provided in capsules 
of identical appearance (i.e., same size, color and taste). At 
the end of each study period, clinical and non-invasive 24-h 
ambulatory BP and HR were assessed. Clinical BP and HR 
were measured in the morning, about 10–11 h after drug 
assumption, by a standard mercury sphygmomanometer and 
by pulse palpation in seated subjects. Three BP measure-
ments were taken at 2-min intervals after 10 min of sitting 
and their averages were used as clinical BP reference values. 
Ambulatory BP and HR monitoring was performed by a 
clinically validated device (Spacelabs 90207, Spacelabs Inc, 
Redmond, Washington) [20] that was programmed to take 
BP every 15 min during the entire course of the recording. 
Each recording was started in the morning immediately after 
clinical BP measurement and was performed throughout a 
full 24 h period, during which subjects were allowed to fol-
low their normal daily routine after they left the laboratory. 
Patients were instructed to remain motionless each time a 
reading was taken. The analysis of 24-h BP recordings was 
preceded by removal of artifacts, according to previously 
described editing criteria [20]. Recordings were excluded 
from the analysis when more than 10% of all readings, or 
more than one reading per hour, were missing or incor-
rect. For each patient, the following data relating to SBP, 
DBP and HR were provided by the computed analysis of 
the recordings: 24-h, daytime (7 a.m.–11 p.m.), night-time 
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(11 p.m.–7 a.m.) and morning (7 a.m.–12 p.m.) mean values. 
At each visit, adverse events spontaneously reported were 
recorded.

Statistical analysis

The statistical analysis was performed using analysis of vari-
ance (ANOVA). In order to verify the basic assumptions of 
cross-over design, besides the estimation of periodic effects, 
the presence of carry-out or sequence effect was also inves-
tigated [19]. However, a period effect or, more significantly, 
a sequence effect was not found for any variables. Statistical 
analysis of data was performed by means of the SPSS statis-
tical software package for Windows (version 11.0: Chicago, 
Illinois, USA); data are presented as means ± standard devia-
tions. Paired tests were also used: a one-sample t test was 
used to compare values obtained after treatment administra-
tion; a two-sample t test was used to compare the change 
score (treatment-placebo) for a given parameter between the 
two groups. For all statistical analyses, a p value of < 0.05 
was considered statistically significant.

Results

Out of the 30 healthy elderly subjects recruited for the study, 
only 25 had the first ambulatory blood pressure recording, 
meeting the quality criteria previously defined, and thus only 
these 25 subjects were randomized to treatment with placebo 
or diazepam and included in the analysis. Their main demo-
graphic and clinical characteristics are shown in Table 1.

The main results of the study are reported in Table 2. 
Ambulatory monitoring data showed that 24-h SBP, 
DBP and HR mean values were not significantly affected 
by diazepam. However, when analyzing separately the 

sub-periods of the day, different behaviors were observed. 
During night-time, that is over the 8 h immediately fol-
lowing the drug or placebo ingestion, both treatment pre-
served the physiologic BP and HR reduction as compared 
to day-time values. However, during diazepam administra-
tion their values were higher than those observed under 
placebo: in particular, SBP value was 7.6% higher than 
that observed under placebo with a mean difference of 
7.9 mmHg (p < 0.01 vs placebo), whereas DBP value was 
5.8% higher with a mean difference of 3.7 mmHg (p < 0.05 
vs placebo). HR means values were 6.6% higher than 
those observed under placebo with a mean difference of 
4.2 beats/min (p < 0.05).

In the morning hours, i.e. during the 5 h following awak-
ening, both diazepam and placebo administration preserved 
the physiologic increase in HR and BP as compared to 
night-time values. However, HR mean values were still 4.4% 
higher with diazepam as compared to placebo, with a mean 
difference of 3.3 beats/min (p < 0.05). By contrast, morning 
SBP and DBP mean values were similar in diazepam and 
placebo treated subjects.

During the afternoon–evening hours (12 p.m.–11 p.m.), 
HR as well as SBP and DBP mean values were not signifi-
cantly different in the two treatment groups.

Clinical BP and HR results are shown in Table 3: no 
significant difference was detected between diazepam and 
placebo-treated subjects.

Table 1   Demographic and clinical characteristics of the studied pop-
ulation

Data are expressed as mean ± SD
BMI body mass index, SBP systolic blood pressure, DBP diastolic 
blood pressure, HR heart rate, eGFR estimated glomerular filtration 
rate, AER albumin excretion rate

Number 25
Age (years) 68 ± 2.1
Gender (male/female) 12/13
BMI (kg/m2) 23.2 ± 2.2
Clinical SBP (mmHg) 130.5 ± 8.4
Clinical DBP (mmHg) 81.1 ± 4.5
Resting HR (beats/min) 76.3 ± 7.4
Serum creatinine (mg/dL) 1.04 ± 0.12
eGFR (mL/min per 1.73 m2) 86.7 ± 5.2
AER (mg/24 h) 21.3 ± 4.8

Table 2   Ambulatory systolic blood pressure, diastolic blood pressure 
and heart rate during placebo and diazepam

Data are expressed as mean ± SD
SBP systolic blood pressure, DBP diastolic blood pressure, HR heart 
rate
*p < 0.05 vs placebo; **p < 0.01 vs placebo

Placebo Diazepam

24 h
 SBP (mmHg) 116.8 ± 8.6 119.1 ± 9.2
 DBP (mmHg) 70.9 ± 5.7 72.3 ± 6.1
 HR (beats/min) 70.6 ± 4.6 72.8 ± 4.8

Night-time (11 p.m.–7 a.m.)
 SBP (mmHg) 103.6 ± 7.2 111.5 ± 7.4**
 DBP (mmHg) 62.1 ± 4.8 65.8 ± 5.1*
 HR (beats/min) 61.4 ± 3.8 65.6 ± 4.4*

Morning time (7 a.m.–12 p.m.)
 SBP (mmHg) 119.9 ± 8.1 121.8 ± 8.6
 DBP (mmHg) 74.6 ± 5.7 75.3 ± 5.9
 HR (beats/min) 75.3 ± 4.5 78.6 ± 4.6*

Afternoon/evening (12 p.m.–11 p.m.)
 SBP (mmHg) 122.8 ± 8.7 123.1 ± 8.9
 DBP (mmHg) 75.1 ± 5.6 75.3 ± 5.8
 HR (beats/min) 75.8 ± 4.3 76.4 ± 4.4
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With regards to adverse events spontaneously reported 
by the diazepam-treated volunteers, eight of them com-
plained of mild difficulty in awakening and four of them 
also reported mild somnolence during the first daily hours, 
four complained of dry mouth at awakening, two reported 
occasional nocturnal palpitations and one reported an epi-
sode of nocturnal awakening with agitation and tachycar-
dia (with an auto-measured HR at pulse palpation of about 
100–110 beats/min), which persisted for about 1 h and 
resolved spontaneously. No episode of fall either sponta-
neously reported or elicited by specific questioning was 
detected.

Discussion

The main finding of the present study is that during night-
time, i.e., in the hours following drug administration, when 
its plasma concentration is higher, diazepam, although not 
interfering with the circadian decrease in BP and HR, sig-
nificantly affected BP and HR values. In fact, both BP and 
HR values decreased less than under placebo, with par-
ticular regard to SBP. This type of BP behavior was com-
pletely and qualitatively different from the one observed 
in young adults: these latter ones, when evaluated with the 
same methodology and treated with the same dosage of 
diazepam, showed nocturnal BP values not different from 
placebo treated controls [8]. This unexpected effect of diaz-
epam in the elderly could be at least theoretically explained 
bearing in mind several factors that change with increasing 
age: firstly, the alterations of GABAA/BDZ receptors and 
their consequences; secondly, the neurohormonal changes 
affecting the mechanisms that regulate circulation; finally, 
the different pharmacokinetic properties of diazepam in the 
elderly subject.

As regards the first issue, the age-related modifications 
in the subunit composition of the GABAA receptor and the 

consequent disruption of the GABAminergic transmission 
[15, 16] could interfere with the agonist effect of BDZ on 
the inhibitory functions of GABA system, which affect BP 
through the sympathetic outflow. This latter can be increased 
or reduced depending on the brain regions mostly involved 
[21–23], as well as on the presence or not of anxiety [24]. 
In young subjects without anxiety and depression, the 
stimulating effect on sympathetic outflow is probably coun-
terbalanced by the sympathetic inhibitory effect, with no 
significant influence of diazepam on BP values, which are 
substantially superimposable to those observed with pla-
cebo, particularly during night-time [8].

In the elderly, the age-related receptor alterations could 
be responsible for a disruption of the balance between the 
activating and inhibitory effect of diazepam on sympathetic 
drive, with consequent less reducing effect on sympathetic 
drive. In this regard, it should be considered that geneti-
cally hypertensive rats and mice—such as spontaneously 
hypertensive rats (SHR) and Schlager BPH/2 mice—have 
a marked alteration of GABA system function with GABA 
receptors totally resistant to diazepam stimulation, which 
results in excessive sympathetic activation [25, 26]. In 
elderly humans, the GABA receptor system is not so altered 
as in genetically hypertensive rats, but its partial alteration 
could be enough to reduce all the cardiovascular effects 
mediated by BDZ stimulation of GABA receptors. In par-
ticular it seems to be blunted the inhibitory effect of BDZ on 
sympathetic activity, which is already significantly increased 
in the elderly as compared to younger age, as demonstrated 
by the high levels of plasma and urinary catecholamines 
[27–29]. This rise in catecholamine levels does not seem to 
depend on an increased synthesis in adrenal glands, which 
indeed significantly decreases with advancing age [30, 31], 
but rather it seems to be an expression of an increased sym-
pathetic activity. This increase in endogenous noradrena-
line release occurs in the presence of circulating diazepam, 
which has been demonstrated to induce a potentiation of 
the c-AMP-dependent positive inotropic effect of endog-
enous noradrenaline in the heart via the selective inhibi-
tion of phoshodiesterase 4 isoenzyme activity [32]. As a 
consequence, in the elderly this positive inotropic effect of 
diazepam should likely be increased. When considering 
that diazepam, due to its specific pharmacokinetic proper-
ties, reaches higher plasma concentrations in the elderly as 
compared to young adults, it seems clear that its positive 
inotropic effect can only be increased, particularly in the 
presence of the highest plasma concentrations of the drug, 
i.e., in the night-time. An increased inotropism could per se 
produce a rise in SBP, but this effect is amplified in the pres-
ence of an increased arterial stiffness, which is associated 
with advancing age [33–35].

The observed increase in HR values during treatment 
with diazepam as compared to placebo is in accordance 

Table 3   Mean clinical systolic blood pressure, diastolic blood pres-
sure and heart rate at the end of initial placebo period (washout) and 
during placebo and diazepam

Data are expressed as mean ± SD
SBP systolic blood pressure, DBP diastolic blood pressure, HR heart 
rate

End of initial 
placebo period 
(washout)

Placebo Diazepam

Clinical SBP 
(mmHg)

130.5 ± 8.4 129.9 ± 8.9 131.5 ± 10.1

Clinical DBP 
(mmHg)

81.1 ± 4.5 80.2 ± 5.4 82.1 ± 6.2

HR (beats/min) 76.3 ± 7.4 76.1 ± 7.1 77.3 ± 6.9
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with previous experimental and clinical findings and has 
been related to the vagolytic effect due to the stimulation 
of the BDZ site of the GABAA/BDZ receptor complex. It is 
of interest to remark that in young adults evaluated with the 
same methodology and diazepam dosage such HR increase 
persisted over the entire 24-h period [8], whereas in old 
subjects it was present only during night-time and in the 
morning hours. This different HR behavior seems to con-
firm that in the elderly the GABAA/BDZ receptor system is 
less responsive to BDZ stimulation and produce peripheral 
effects, as the vagolytic one, only in the presence of high 
plasma concentrations of the drug.

As regards the adverse events, they were limited, mild and 
never demanded treatment withdrawn. The more frequently 
reported side effects were mild difficulty in awakening with 
persistence of light somnolence in the early morning hours 
and dry mouth at awakening. The subject who complained 
of a single episode of agitation with nocturnal tachycar-
dia underwent further cardiologic examination, including 
basal and 24-h ECG recordings, stress ECG and echocar-
diogram. The outcome if these examinations resulted to be 
normal both at the end of the study and at an another control 
repeated after 1 month under treatment with placebo and 
the same dose of diazepam. It is of interest that no patient 
complained of falls. This finding, which confirms previous 
data in the literature [5] could some way be related to the 
cardiovascular effects of diazepam or perhaps only to the 
relatively “young” age of our elderly patients coupled to the 
absence of comorbidities.

The present study however had some limitations. First, 
the duration of the trial was of only 4 weeks, which does not 
allow us to transfer our findings to more prolonged diaze-
pam treatment. It is well known that chronic benzodiazepine 
therapy is accompanied by the development of tolerance 
regarding the anti-anxiety, relaxant and hypnotic effects of 
these drugs, but nowadays we do not know whether these 
phenomena also influence their cardiovascular effects. Sec-
ond, in the present study we did not specifically evaluate the 
effect of diazepam therapy on cognitive function, which can 
be impaired by chronic treatment with benzodiazepines. We 
limited ourselves to observe that no patient spontaneously 
complained of memory impairment, learning difficulty or 
car accidents.

Conclusions

The results of this study showed that chronic diazepam 
assumption, as hypnotic agent in healthy normotensive 
elderly subjects, mainly resulted in an increase in BP, 
particularly in SBP, during night-time and in HR dur-
ing night-time and morning hours. These findings, which 
could be possibly related to a diazepam-induced increase 

in sympathetic dive and decrease in vagal tone, might be of 
clinical relevance since increased BP and HR are both inde-
pendent predictors of cardiovascular morbidity and mortality 
[36, 37].
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