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Background: In Western societies, cardiovascular (CV) disease is the primary cause

of mortality, and high blood pressure (BP) is the main reversible factor leading to CV

disease. Dietary habits and psychosocial stress contribute to the establishment of

hypertension, while its role in the control of high BP is currently examined. In this study,

we examined the effect and feasibility of a combined intervention of dietary education

and stress management on the control of hypertension. Methodology: A randomized,

controlled pilot study was designed to evaluate the effect of combined education on

stress management techniques and dietary habits (Mediterranean diet principle) on

office BP after eight weeks. Results: Of the 45 randomized subjects, 36 were included in

the final analysis (control group 5 20 (age: 67 6 12 years, 31.8%, males) and intervention

group 5 16 (age: 62 6 12 years, 47%, males)). CV disease risk factors (except smoking),

BP, dietary habits, perceived stress and physical activity (all assessed with validated

questionnaires) were similar between the two groups at baseline. After eight weeks,

office BP (systolic and diastolic) and perceived stress were significantly reduced, whereas

the adherence in Mediterranean diet principle was significantly increased, but only in the

intervention group. Conclusions: A combined intervention of stress management

techniques and Mediterranean diet education seems to be beneficial for BP reduction.

Such interventions could possibly serve as a complementary treatment along with drug

therapy or in the early treatment of high normal BP. A call to action for designing

epidemiological studies and evaluating the efficacy of such non-pharmacological treat-

ment strategies is therefore warranted.
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Introduction

In Western societies, cardiovascular (CV) disease
is the primary cause of mortality, and high blood

pressure (BP) is the main reversible factor lead-
ing to CV disease (Kearny et al., 2005; Cooper,
2007; Mancia et al., 2009). Dietary habits play a
major role in preventing or even addressing the
establishment of hypertension (Dickinson et al.,
2006; Cook et al., 2007; Forman et al., 2009). It is
also suggested that psychosocial stress contributes
to the establishment of hypertension, while its
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role in the control of high BP is currently exam-
ined (Rainforth et al., 2007; Khan et al., 2008;
Spruill, 2010).

Several studies have searched into the role of
specific dietary interventions, including low-sodium
intake, high consumption of fruits and vegetables as
well as low-fat dairy products, in the treatment of
hypertension (Hooper et al., 2002; Sacks et al.,
2006). The most popular dietary pattern that is
currently recommended from the European guide-
lines for the control of high BP is the Dietary
Approach to Stop Hypertension (DASH) diet with
or without restriction of sodium intake (Mancia
et al., 2009). In addition, the adherence to the
Mediterranean dietary pattern, which is tradition-
ally characterized by high intake of vegetables,
fruits, legumes, unrefined cereals, nuts as well as
high olive oil consumption instead of saturated
lipids, moderately high intake of fish, low to mode-
rate intake of dairies, meat and poultry, as well as a
regular but moderate consumption of red wine
mostly during meals (Willett et al., 1995), has been
found to be associated with lower prevalence of
hypertension according to epidemiological studies
(Psaltopoulou et al., 2004; Panagiotakos et al., 2007),
whereas several published interventions have
examined the effect of Mediterranean diet on CV
risk (Singh et al., 2002; Vincent-Baudry et al., 2005;
Estruch et al., 2006; Salas-Salvadó et al., 2008).

Several stress management techniques have
been tested for their efficacy in reducing high BP
(ie, biofeedback, yoga, transcendental meditation;
Sandhu et al., 2004; Yucha et al., 2005). Although
some interventions show contradictory results
and nearly all underline the need for better
designed studies, there is evidence supporting the
positive effect of such techniques in reducing high
BP. Among them, progressive muscle relaxation,
diaphragmatic respirations (Wadden 1984; Knox
et al., 1986; Lucini et al., 2009) and cognitive-
behavioral techniques, such as psychoeducation,
cognitive restructuring, problem solving and time
management skills (Timio et al., 1988; Beck,
1993; Campbell et al., 1999) have been found to
reduce high systolic and diastolic BP either alone
or in combination in several studies (Bruning and
Frew, 1987; Van der Hek and Plomp, 1997; Batey
et al., 2000).

To our knowledge, there are few interventional
studies published that examine the combined effect
of dietary education and stress management on the

control of hypertension (Stuart et al., 1987;
Leserman et al., 1989); in Greece there is, also,
lack of such trials. Therefore, a combined inter-
vention was designed to evaluate the effect
of stress management techniques and dietary
education, on the basis of the Mediterranean
diet principles, on hypertensive individuals. The
aim of the present pilot study was to detect the
feasibility of such a project and detect methodo-
logical drawbacks that should be addressed in the
design of the definitive study.

Methodology

Population
From November 2009 to February 2010, conse-

cutive subjects, examined at the outpatient clinic of
the hypertension center of two university hospitals,
were asked to participate in the current study,
on the basis of the following inclusion criteria: age:
.18 years old; diagnosed hypertension according to
the international guidelines (Mancia et al., 2009)
under steady medical treatment (ie, for at least one
month steady BP lowering drugs as well as any
other type of drug); and office systolic/diastolic BP
,20/10 mmHg above the individually defined BP
target (Mancia et al., 2009). Exclusion criteria
included inability to provide informed written con-
sent and to participate in the intervention program
because of mental or physical causes. Approval
from the local ethics authorities was obtained.

Study design
This is a randomized controlled study. The

eligible patients who agreed to participate in
the study and signed the informed consent form
were randomly assigned into the control and the
intervention groups, based on a predefined auto-
matically generated list. During the recruitment
(ie, the baseline visit at the outpatient clinic), the
baseline characteristics (socio-demographic and
lifestyle characteristics – smoking, alcohol con-
sumption, physical activity and employment and
family status – CV risk factors and medication)
were collected. At baseline as well as at the end
of the study (second consecutive visit at the
outpatient clinic after eight weeks), office BP,
perceived stress levels and the degree of adhere-
nce to the Mediterranean diet were recorded by
validated questionnaires. The pharmaceutical
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regimen did not change throughout the eight-
month period in both groups. Participants were
directed to keep the same level of physical
activity during the intervention period as well.

As this was a pilot study, no sample size was
calculated. We wished to identify the feasible
recruitment rate in such a study within the
reasonable time limits of a four-month period,
taking into consideration that the pool of both
eligible and non-eligible subjects visiting the two
outpatient hypertension clinics is around 400.

Control group
The control group received the standard care,

that is, their medication and the usual medical
consultation on lifestyle modification based on
the European Guidelines within the usual time
frame (, 15 min) of the outpatient clinic.

Intervention group
The whole intervention lasted eight weeks. Par-

ticipants in the intervention group were educated
both on practicing stress management techniques
as well as on the Mediterranean diet principles.
After the recruitment, three appointments (one
every 15 days: weeks two, four and six) took
place, until the next evaluation of the BP at the
outpatient clinic. These appointments took place
at the facilities of the two hospitals and not at the
outpatient clinic. Each appointment lasted about
90 min in groups of two to four people. At each
appointment, participants first discussed issues
regarding their dietary habits and Mediterranean
diet and later were introduced to a stress man-
agement technique.

Education on nutrition – Mediterranean
diet principles

The nutritional intervention consisted of
counseling and education carried out by an
experienced nutritionist. Personal dietary regi-
mens based on the principles of Mediterranean
diet, without altering energy balance (ie, iso-
caloric) and thus not promoting weight loss were
also administered to the participants at the first
appointment. During the second appointment,
patients were informed about the role of sodium
in the control of high BP and how to reduce its
consumption. The third appointment provided
the patients with further counseling, education

and support to better adhere to the principles of
Mediterranean dietary pattern in their daily life.
During the second and the third session, matters
of compliance were discussed.

Education on stress management techniques
At the first appointment, participants were

introduced to the progressive muscle relaxation
technique by a psychologist specialized in stress
management and asked to perform it twice daily.
Instructions were provided in recorded tapes to
increase home adherence to the techniques. Each
performance lasted about 15–20 min. At the second
appointment, patients discussed with the psycho-
logist the 15-day compliance with the foresaid
technique, while participants were trained in per-
forming diaphragmatic respirations and discussed
problem solving techniques as well. At the last
(third) appointment and after discussing matters of
compliance, participants discussed the role of time
management in the levels of perceived stress and
were presented relevant techniques.

BP and anthropometric measurements
Office brachial BP was recorded at the outpatient

clinic both at baseline as well as at the end of the
study (during the regular follow-up visits) after at
least 5 min of rest at the sitting position with vali-
dated automatic oscillometric devices (OMRON
750 IT, China (Coleman et al., 2006) or Microlife
A100 plus, Switcherland (Stergiou et al., 2006)) and
by applying the appropriate cuff size, according to
the international guidelines (Mancia et al., 2009).
The average of three consecutive BP readings,
with 1 min interval in between, was used in the
current analysis. In each subject, the same device at
baseline and follow-up end was used. The physician
who recorded the BP was blinded regarding the
treatment allocation of each subject. Height and
weight were measured at both visits, and body mass
index (BMI) was calculated.

Questionnaires

Mediterranean diet score (MedDiet Score)
The MedDiet Score applied in the present study

has been developed to evaluate the degree to which
the Mediterranean dietary pattern is adopted;
its total score ranges from 0 to 56, representing
the lowest and highest stress levels, respectively.
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Consumption of foods close to the Mediterranean
pattern was rated with higher values (ie, from
0 5 never to 5 5 highest consumption), whereas
consumption of foods away from the Mediterra-
nean diet principles was rated with an inverse
scoring (Panagiotakos et al., 2007).

International physical activity questionnaire (IPAQ)
The shorter form of the IPAQ (Craig et al., 2003)

was used in the present study, which examines
various aspects of physical activity performed
during the last week. IPAQ evaluates the type,
frequency and duration of physical activity per-
formed by people aged from 18 to 65 years in
developed, as well as developing countries.

Perceived stress scale (PSS-14)
The PSS-14 evaluates the extent to which

someone perceives his environment as stressful
(Andreou et al., 2011). Its officially translated
Greek version (Cronbach’s alpha 0,82) of the origi-
nal PSS-14 was used in the present study. Half of
the questions are considered as the positive items
of the scale and the other half as the negative.
The total score ranges from 0 to 56, representing
the lowest and highest stress levels, respectively.

Statistical analysis
For the statistical analysis between the two

groups at baseline and follow-up independent
t-test, Wilcoxon or Fisher’s exact test were used
as appropriate, as well as paired for measuring
the within-group difference before and after the
intervention. SPSS.16 was used for all the above
statistical analyses. The level of statistical signi-
ficance was 0.05.

Results

Thirty-six subjects were included in the final
analysis (control group 5 20 (31.8%, males) and
intervention group 5 16 (47%, males)) (Figure 1).
The average age was significantly higher in the
control versus the intervention group (69 6 11
and 61 6 11 years, P 5 0.036, respectively). All
participants were under steady treatment, except
for one patient who did not receive pharmacolo-
gical treatment at all. At baseline, the prevalence
of CV disease risk factors between the two groups
was similar, except for the prevalence of past and

current smokers, which was higher in the interven-
tion group. BP, MedDiet score, PSS-14 and physical
activity (assessed by the IPAQ) were similar
between the two groups at baseline (Table 1).

As shown in Table 2, no significant changes (end
of the study – baseline) in the MedDiet score and
PSS-14 were observed in the control group; BMI
significantly increased at the end of the study in the
control group. What is more, no significant changes
regarding physical activity were observed in the
two groups after completion of the study (data not
shown in Table 2). In the intervention group, BMI
did not change significantly from baseline, but
PSS-14 significantly decreased and MedDiet score
significantly increased, without any changes at the
level of physical activity (as assessed by IPAQ).
Finally, Table 2 describes the differences observed
in BP; the intervention group showed significantly
lower systolic BP after the completion of the
intervention (P 5 0.009); and the mean differences
also appeared marginally significantly different
between the two groups (P 5 0.056). In addition,
the intervention group showed significantly lower

Assesed for eligibility 
n=71

Excluded (n=26)

- Not meeting inclusion
  criteria n=9

Randomized
n=45

Allocated to control
(n=24)

- Received allocated
  intervention n=24

Allocated to intervention
(n=21)

- Received allocated
  intervention n=21

Lost to follow – up (n=1)
Lost to follow – up (n=2)

Discontinued
intervention (n=2)

Analyzed (n=20)

Excluded (n=3)

(Did not comply with study
protocol)

Analyzed (n=16)

Excluded (n=3)

(Did not comply with study
protocol)

Discontinued
intervention (n=1)

- Eligible that declined to
  participate n=17

- Did not receive allocated
  intervention n=0

- Did not receive allocated
  intervention n=0

Figure 1 Study design and population.
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diastolic BP (P 5 0.016), whereas no significant
changes regarding diastolic BP between the two
groups were observed.

Discussion

In the present pilot study, the combined interven-
tion on psychosocial stress management and nutri-
tion education according to the Mediterranean
diet principles reduced significantly office BP, both
systolic and diastolic, in a small sample of hyper-
tensive patients. Moreover, in the intervention
group, significant reduction in the perceived stress

and an increase in the adherence in Mediterranean
diet principles were found, without changes in the
physical activity levels and BMI. On the contrary,
no significant changes were observed in BP, Med-
Diet score and PSS-14 score in the control group.
Most importantly, a high percentage of eligible
patients who declined to participate, after detailed
description of the interventional protocol just
before the randomization, were observed in the
eligible for participation in the study subjects.

Regarding the psychosocial stress evaluation,
participants of both groups were characterized by
moderate levels of perceived stress at baseline.

Table 1 Baseline characteristics of participants assigned to both the control group and the intervention group

Control group (n 5 20) Intervention group (n 5 16) P-value

Age (years) 68.9 6 10.7 61.1 6 10.9 0.036
Males, n (%) 7 (35) 7 (43.8) 0.593
Cardiovascular disease, n (%) 6 (30) 3 (18.8) 0.700
Diabetes mellitus, n (%) 2 (10) 2 (12.5) 1
Renal disease, n (%) 0 2 (12.5) 0.190
Smoking status 0.028

Current smokers, n (%) 2 (10) 3 (18.8)
Ex-smokers, n (%) 2 (10) 7 (43.8)

BMI (kg/m2) 29.48 6 4.41 29.08 6 4.30 0.788
Physical activity 0.804

,1 h/week 6 (30) 7 (43.8)
1–3 h/week 9 (45) 5 (31.3)
4–7 h/week 2 (10) 2 (12.5)
.7 h/week 3 (15) 2 (12.5)

MedDiet Score (0–55) 36.15 6 3.94 37.06 6 5.94 0.584
PSS-14 Score (0–56) 21.60 6 9.75 22.88 6 6.53 0.657
BP (mmHg)

Systolic 141.25 6 14.33 140.69 6 15.20 0.910
Diastolic 79.25 6 12.03 84.56 6 13.47 0.220

BMI 5 body mass index; PSS 5 perceived stress scale; BP 5 blood pressure.
Data are expressed as mean 6 SD or number (%) of subjects.
P-values were assessed by independent t-test, Wilcoxon or Fisher’s exact test as appropriate.

Table 2 Changes after eight weeks (ie, end of the study – baseline) in the characteristics of the participants in
both the control and the intervention group

Control group
(n 5 20) P-value

Intervention
group (n 5 16) P-value

P-value between groups
post intervention

BMI (kg/m2) 0.36 6 0.71 0.040 0.10 6 0.34 0.272 0.558
MedDiet Score (0–55) 1.05 6 4.27 0.286 3.25 6 4.12 0.007 0.067
PSS-14 Score (0–56) 1.60 6 6.02 0.249 27.13 6 5.80 ,0.001 0.006
BP (mmHg)

Systolic 2.70 6 16.42 0.471 27.13 6 9.56 0.009 0.056
Diastolic 2.60 6 9.98 0.258 24.88 6 7.22 0.016 0.604

BMI 5 body mass index; PSS 5 perceived stress scale; BP 5 blood pressure.
All values are expressed as mean 6 SD or n (%).
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Only the intervention group presented a signifi-
cant reduction in perceived stress levels by the
completion of the study, suggesting that frequent
performance of relaxation techniques may facilitate
the individual’s adjustment to stressful situations.

In the studied population, the adoption of
the Mediterranean pattern was moderate and
similar to the level of adherence of the general
Greek population (Panagiotakos et al., 2003).
Although no significant difference in the adop-
tion of the Mediterranean dietary pattern was
found in the control group after the eight-week
period, the intervention group increased its
compliance to the Mediterranean dietary princi-
ples (Panagiotakos et al., 2006).

The parameters of BMI and physical activity
were kept generally constant in the interven-
tion group, as was intended from the study
design. The intervention group showed a small
increase regarding their overall physical activity.
We speculate that increasing physical activity
leads to a reduction in perceived stress through
one of two mechanisms: active people are dis-
tracted from thinking about stress, or that acti-
vity stimulates biochemical changes that dampen
stress perception.

Most importantly, it is interesting to point out the
difficulty of some participants to accept the nature
of the intervention and thus were not randomized,
whereas others (see Figure 1) did not complete the
study. These facts underline the unfamiliarity of
the Greek population regarding such interventions
(no similar studies have been conducted or at least
published in Greece) and a relevant lack of moti-
vation to participate and comply.

Limitations

The current pilot study was not double-blinded
and the study sample was small. The randomiza-
tion procedure was confounded by the relative
high rate of refusal to participate and to continue
to follow the intervention correctly. However, at
least the main co-morbidities were explored and
found to be comparable between the two groups,
except for the higher prevalence of smoking in
the intervention group. What is more, as the
average age of the intervention group was smaller
than in the control group, we cannot exclude
the fact that this might have an impact on the
BP changes that were observed. The observed

decrease in BP, although statistically significant,
has to be further verified by future studies that will
assess out-of-office BP as well. In parallel, the long-
term compliance to these non-pharmacological
treatment strategies remains a major unresolved
issue that may potentially restrict the efficacy of
these interventions and the extrapolation of the
results from short-term studies (Appel et al., 1997;
Sacks et al., 2001). Furthermore, there was no
tool used to assess compliance with dietary advice
and stress management techniques in between
the sessions, although matters of compliance were
thoroughly discussed orally. Finally, the age of
participants did not fall precisely enough into the
age range that IPAQ has been tested as valid and,
probably, the high rate of refusal to participate may
have contributed. Finally, the present study cannot
provide a direct association between the reduction
of the perceived stress, the adherence to Medi-
terranean diet principles and the reduction of
BP because of the limited sample size and lack of
measurement of potential mediators (eg, cortisol
and catecholamine).

Conclusions and perspectives

A combined intervention of stress management
techniques and Mediterranean diet education
seems to be beneficial, despite the methodo-
logical limitations of the current study. Such
interventions could possibly serve as a comple-
mentary treatment along with drug therapy in
favor of high BP control. However, BP response
to treatment is limited in the presence of establi-
shed arterial alterations, even when intense
pharmacological treatment (ie, combination of
drugs) is used (Protogerou et al., 2009). For that
reason, the 2009 reappraisal of the European
guidelines favors the early treatment on high BP
before the development of target organ damage
(Mancia et al., 2009). Future studies evaluating
the efficacy of non-pharmacological treatment
strategies, such as stress management techniques
and adherence to Mediterranean diet principles,
in the early treatment of high normal BP before
arterial remodeling and stiffening takes places
is therefore warranted. Most importantly, from a
public health perspective, the current study
highlights the need to increase awareness of the
general population regarding the role of psycho-
social stress in BP management.
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