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Abstract

Background: Regular physical activity is widely recommended for patients with arterial
hypertension as an essential component of lifestyle modification. Much less is known about
the impact of physical exercise on the management of treatment of resistant hypertension
(RH). The aim was to assess the effect of physical activity program intensified by mobile
phone text reminders on blood pressure control in subjects with RH managed in the
primary care. Methods: In total, 53 patients with primary hypertension were qualified,
including 27 who met the criteria for RH and 26 with well-controlled hypertension (WCH).
Ambulatory 24-h blood pressure was monitored and body composition evaluated with
bioimpedance and habitual physical activity profile was determined continuously over 72 h
with accelerometer. All measurements were performed at baseline and after three and six
months. The patients were asked to modify their lifestyle according to American Heart
Association Guidelines that included regular aerobic physical activity tailored to
individual needs. Findings: Physical activity in RH increased significantly after six months
compared with control subjects (P= 0.001). Office systolic blood pressure (SBP) and diastolic
blood pressure (DBP) in the RH group decreased significantly after three months but after six
months only office DBP remained significantly lower. After three months 24-h SBP decreased
by 3.1± 11mmHg (P= 0.08) and DBP by 2.0± 6mmHg (P= 0.17) in RH, whereas in WCH
respective changes were +1.2± 10 and −0.3± 6mmHg. After six months 24-h BP changes
were similar. Conclusion: Individualized structured physical activity program increases
physical activity in the treatment of resistant hypertensives in primary care but the effect on
24-h blood pressure is only transient.

Background

Regular physical activity has been recognized as a remedy for many diseases (Kokkinos and
Myers, 2010; Booth et al., 2012). Physical activity improves the function of various organs,
activates socially, enhances mental well-being, boosts general physical performance, and
reduces body mass and mortality (Slentz et al., 2009). The relevant preventive effects of
increased physical activity have been studied and confirmed in as many as 35 chronic diseases
(Booth et al., 2012).

Individuals with hypertension, in particular those with ineffectively controlled blood
pressure, that is with resistant hypertension (RH), have a higher risk of cardiovascular
incidents compared with subjects with well-controlled arterial hypertension (WCH) (Calhoun
et al., 2008; Mancia et al., 2013).

Treatment of RH remains an important clinical problem despite the advances in
pharmacotherapy. RH has been related to 75% greater risk of stroke, 44% greater risk of
ischemic heart disease and 30% greater risk of death for any cause as well as an increased risk
of heart failure, end-stage renal disease and peripheral artery disease (Muntner et al., 2014).
The prevalence of RH reaches 14–16% (Achelrod et al., 2015), and is rising mostly because of
the aging of the population and increasing incidence of diabetes and obesity (Roberie and
Elliott, 2012). RH is also common in primary care setting and accounts for 9.9–22.8% of all
hypertensive patients (Gijὀn-Conde et al., 2014; Prejbisz et al., 2015).

According to a current definition, RH is diagnosed in patients who, after the adminis-
tration of antihypertensive drugs from three different groups in therapeutic doses including a
diuretic, did not achieve a target blood pressure (BP) <140/90mmHg as well as in those who
were administered four and more antihypertensives from three different groups, including a
diuretic regardless of achieving a target BP (Calhoun et al., 2008). The population of patients
with RH also includes the subjects who do not comply with the doctor’s recommendations.
It is estimated that as many as 25% of patients may fail to observe systematically the drug
regimen (Tomaszewski et al., 2014). The compliance may be even poorer with regard to
recommended lifestyle modification, reduction of sodium and alcohol consumption,
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introduction of a high-fiber diet, avoiding obesity and increasing
physical activity (Mancia et al., 2013; Kraus et al., 2015).

According to several large clinical studies, increased physical
activity may have an effect on the reduction of mean BP by up to
4–9mmHg (Cornelissen and Smart, 2013; Mancia et al., 2013).
The benefits of moderate physical activity have also been found in
patients with RH (Dimeo et al., 2012), but there were only a few
intervention studies carried out in this field. Our initial hypothesis
is that the patients with RH are resistant not only to pharma-
cotherapy, by definition, but also to lifestyle measures including
increased level of physical activity.

The aim of this study was to assess the effects of a program of
intensified physical activity introduced in primary health care
combined with exercise training and short text messages sent to
the patients’ mobile phones or motivational telephone conversa-
tions on BP in patients with treatment of RH.

Methods

The prospective lifestyle intervention study was carried out in a
single primary care health center from October 2014 until the end
of August 2015. The study protocol was approved by the local
Ethics Committee and all the patients gave informed consent
before being included. The research was conducted in accordance
with the Helsinki Declaration. The participants included a
population treated in primary health care in a community-based
outpatient clinic in central Poland. The adult population of the
Center catchment area is ~3700.

The patients qualified for the study were 18–70 years old and
were diagnosed with arterial hypertension according to the 2013
guidelines of the European Society of Hypertension and the
European Society of Cardiology (Mancia et al., 2013).

The exclusion criteria included any secondary cause of ele-
vated BP, chronic kidney disease stage 3 and higher, that is
estimated glomerular filtration rate (eGFR, 2009 Chronic Kidney
Disease – Epidemiology Collaboration, CKD-EPI)<60mL/min
(Levin and Stevens, 2014), mental illness and/or impaired
consciousness, significant mobility dysfunction, respiratory
diseases, heavy liver failure, active malignant disease, unstable
coronary disease or NYHA stage 2–4 heart failure, stroke or
transient ischemic attack within the past 12 months.

All patients underwent an extensive diagnostics of RH
with accordance to the statement from the American Heart
Association (Calhoun et al., 2008) in the reference hypertension
center (Department of Nephrology, Hypertension and Kidney
Transplantation, Medical University of Lodz) for the secondary
causes of arterial hypertension including renal, renovascular and
endocrine causes, and pseudohypertension after the diagnosis of
the treatment of RH had been established. For safety reasons the
subjects were not qualified if they experienced any hypertension
urgency or emergency requiring hospitalization for 12 months
before the study.

A review of the medical records at the community-based
health center allowed identifying patients who initially fulfilled
the qualification criteria. After a short visit involving physical
examination and analysis of the antihypertensive drug history,
and previous diagnostics of arterial hypertension 80 subjects met
inclusion criteria and signed an informed consent. After the visit
laboratory tests were performed. Eventually 53 patients who
fulfilled the clinical and laboratory criteria were enrolled into the
study, including 27 who met the criteria for RH (Calhoun et al., 2008)
and 26 subjects on antihypertensive medications with well-controlled

BP (Mancia et al., 2013). Most patients who did not meet the criteria
had eGFR lower than 60mL/min. In addition, only the patients who
had a long history of the visits in health center, were well known
to family doctor and bought the prescribed medications at the
pharmacy that is a part of our health center were enrolled. Moreover,
the patients were also asked to bring the boxes of used and unused
medications at each visit and the pills were counted.

Ambulatory blood pressure monitoring (ABPM) was
performed using the Mobil-O-Graph device, version 12 (I.E.M.
GmbH, Stolberg, Germany) (Jones et al., 2000). During the
day the measurements were taken every 15min and during
the night every 30min. The time of the day or the night was
determined by the patient by pressing the button. We established
the following definitions: the circadian dipper pattern as
10–20% reduction of BP measurements at night as compared with
ABPM measurements during the day, the mild dipper pattern
as 0–10% reduction, the extreme dipper pattern as a reduction of
BP measurement by >20%, and the reverse dipper pattern as a
rise of BP during the night. Office BP was measured using
Accoson Greenlight 300 (A.C. Cossor & Son LTD, Essex, Great
Britain).

The analysis of the physical activity profile and energy
expenditure was carried out with BodyMedia SenseWear System
accelerometer using BodyMedia SenseWear Armband Mini,
triaxial accelerometer (BodyMedia Inc., Pittsburgh, PA, USA)
attached to the patient’s arm for 3 consecutive days (Johannsen
et al., 2010).

The body composition analysis using multi-frequency electrical
bioimpedance (Nutriguard-M with dedicated Bianostic-AT electrodes;
Data Input GmbH, Darmstadt, Germany) was carried out for all
patients.

The interview, measurements (ABPM, body composition
analysis, physical activity profile) and laboratory tests (complete
blood count, creatinine, electrolytes, lipids, glucose, aspartate and
alanine transaminases) were repeated after three and six months
during the course of the study.

The patients from both groups received the recommendations
concerning their diet and healthy lifestyle including physical
activity in cardiovascular diseases. The recommendations were
based on the American Heart Association’s Diet and Lifestyle
Recommendations (www.heart.org, 2014) and prepared in writing
in Polish language and presented to each patient at the visit and
discussed in the form of a short conversation.

At each stage of the study the patients from RH group received
also verbal instructions on how to intensify physical activity
tailored to their needs and comorbidities. Additionally a meeting
with a physical therapist was provided to the patients. During the
meeting a demonstration was given how to perform the stretching
and the exercises strengthening muscles. Easy-to-apply physical
exercises were demonstrated and warm-up elements were dis-
cussed. During the 1-h-lasting meeting the patients were pre-
dominantly encouraged to engage in physical activity. The aim of
this meeting was to decrease an anxiety related to physical exer-
cises known as kinesiophobia (Lundberg et al., 2006). Then the
information received was verified during a short conversation.
The principles of lifestyle modification were also discussed during
all study visits.

After three and six months of the study the patients from RH
group received a self-assessment form to be completed at home,
which included 10 questions. Questions concerned the difficulties
in the implementation exercise, positive or negative attitudes
towards physical activity, and the willingness to continue the
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exercise (The self-assessment form is available as Online Resource 1).
On the basis of the information physical activity was modified and
intensified.

In addition, the patients received text messages to their cell
phones with reminders about the benefits of regular physical
activity three times a week. The messages were tailored to the
individual needs of each patient and their content was modified to
avoid repeats (Cole-Lewis et al., 2010; de Jongh et al., 2012). Five
patients from RH group did not use mobile phones on a daily
basis. These patients were encouraged to undertake physical
activity during a short landline phone conversation.

The results are presented as percentage values and arithmetic
mean with a standard deviation. In order to compare the means
of normally distributed variables between groups unpaired t-test
was used. For non-normally distributed variables Mann–Whitney
test was used. The results of repeated measurements were tested
with analysis of variance (ANOVA). χ 2 test was used to analyze
qualitative variables. For dichotomous variables evaluated
repeatedly the Q Cochrane test was used. P< 0.05 was taken as
significant.

Results

Table 1 shows the baseline characteristics of the study groups.
No significant differences between groups were observed
with regard to age, sex, height, family history of the disease,
prevalence of diabetes, ischemic heart disease, chronic kidney
disease, alcohol consumption, tobacco smoking, circadian BP
patterns or education. Significant differences between groups
were found in case of body mass, body mass index (BMI), waist
circumference, prevalence of headaches, sleep disturbances
including snoring.

Table 2 shows ambulatory and office BP during the study.
A significant decrease of office BP was observed in RH group after
three months, and the same was true for office diastolic blood
pressure (DBP) after six months. There were no statistically
significant differences after six months in ABPM values. Systolic
blood pressure (SBP) and pulse pressure during the day differed
significantly between the groups at baseline but not at the end of
the study. During the last three months of the study nighttime
ambulatory BP increased significantly in RH group. At the
beginning of the study the differences of morning SBP and DBP
between groups were numerically noticeable albeit statistically
insignificant but that difference was no longer seen at the end of
the study.

Figure 1 shows the changes of SBP, DBP and pulse pressure
after three and six months of the study compared between
patients with RH and WCH. After three months the changes
between groups in the 24-h SBP were only borderline significant.
No significant difference was demonstrated after six months.
However, after excluding five patients who did not use cell phones
and receive SMS reminders there was a statistically significant
difference between groups in the changes of SBP and pulse
pressure after three months (P= 0.03 and P= 0.04, respectively).

The statistically significant differences in RH were observed in
office SBP and DBP (Friedman ANOVA, P= 0.01 and P= 0.02,
respectively), nighttime SBP (P= 0.02) and nighttime pulse
pressure (P= 0.002). No statistically significant differences were
found in WCH group.

Figure 2 shows the circadian BP patterns in both groups.
No statistically significant differences in the BP patterns
were observed in different stages of the study. In RH group a

non-significant reduction of the proportion of patients repre-
senting a ‘dipper’ profile was observed as well as an increase of the
‘mild dipper’ profile. The total number of the ‘dipper’ and ‘mild
dipper’ patients increased but the number of patients in the
‘extreme dipper’ and the ‘reverse dipper’ category decreased at the
end of the study. In WCH group the proportion of ‘dippers’, ‘mild
dippers’ and ‘reverse dippers’ decreased.

Table 3 shows the physical activity profiles and the body
composition analysis. After six months a statistically significant
increase of the number of steps taken and metabolic equivalent
and a decrease of both resting and sleeping time were observed in
patients with RH. The body composition analysis demonstrated
an increase of the total water content and the fat-free body mass
in both groups and an increase of the body cell mass between
months three and six in RH group (P= 0.08). In the first three
months of the study a statistically significant increase of extra-
cellular mass in RH patients was observed.

In RH patients body mass (89.4± 13.6 versus 89.5± 14 kg) and
BMI (32.5± 5.1 versus 32.6± 5.3 kg/m2) did not change notice-
ably while waist circumference decreased (109.5± 12 versus
108.6± 12 cm; P= 0.32). In WCH group, body mass (76.3± 12
versus 78± 12 kg; P= 0.07) and BMI (28.2± 4.3 versus
28.8± 4.8 kg/m2; P= 0.05) increased, whereas the waist cir-
cumference did not change (99.3± 11 versus 99.4± 11 cm).

Mean number of antihypertensive drugs used during the
study in RH group slightly decreased from 4.2± 0.75 to 3.9± 1.2
but the difference was not significant (P= 0.11). In WCH patients
respective mean values were 1.7± 0.5 and 1.8± 0.6 (P= 0.4).

Median number of drugs was unchanged in both groups in
course of the study. At the end of the study the patients with RH
completed the self-assessment form. In total, 85% of the patients
positively evaluated the program and expressed their willingness
to continue the physical activity. In total, 93% declared a sub-
jective improvement of health and nearly all (96%) expressed
their readiness to recommend the similar physical activity to their
family members.

Discussion

The main finding of our study was that the successful imple-
mentation of the individualized structured program of increased
physical activity in patients with RH led to moderate and tran-
sient BP reduction and to the apparently beneficial changes of
body composition.

The study included the patients representing a typical popu-
lation under the care of a community-based health center. A small
size of the local community allowed to closely monitor the course
of the study and its progress as well as to prevent non-
compliance. The regular visits motivated the patients to intensify
physical activity and might have reduced potential concerns
related to physical training. Because of the nature of the con-
versations they were carried out individually but the topics that
were discussed were basically the same in each case. The cell
phone text messages were also used to encourage the patients to
continue and increase the physical activity. This method is quite
new but its positive impact of text reminders on the patients’
compliance concerning lifestyle changes has already been eval-
uated in several publications and the method has been gaining
popularity (de Jongh et al., 2012; Vodopivec-Jamsec et al., 2012).
Bobrow et al. found a small but positive effect of transmitting
information via SMS to reduce BP in patients with arterial
hypertension (Bobrow et al., 2016) but the recent study
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Table 1. Baseline characteristics of the patients with resistant and well-controlled hypertension

Resistant hypertension Well-controlled hypertension

All (27) Women [16 (59%)] Men [11 (41%)] All (26) Women [17 (65%)] Men [9 (35%)] P value

Age (years) 55.5 ± 9 56.5 ± 9 54.2 ± 10 54.8 ± 9 55.7 ± 9 53.1 ± 9 NS

Body weight (kg) 89.4 ± 13.6 85.3 ± 14.7 95.4 ± 9.5 76.3 ± 11.6 73.2 ± 11.8 82.1 ± 9.3 <0.001

Height (m) 1.66 ± 0.1 1.63 ± 0.06 1.7 ± 0.08 1.65 ± 0,1 1.6 ± 0.05 1.72 ± 0.05 NS

BMI (kg/m2) 32.5 ± 5.1 32.25 ± 5.2 32.9 ± 5.3 28.2 ± 4.3 28.4 ± 4.9 27.7 ± 3.0 <0.005

Waist circumference (cm) 109.5 ± 12.1 107.8 ± 13 111.9 ± 10 99.3 ± 11.1 98.35 ± 12.9 101 ± 6.7 <0.005

Education

Basic 15 (55.5%) 8 (50%) 7 (63.6%) 11 (42.3%) 8 (47%) 2 (22.2%) NS

Secondary 9 (33.3%) 6 (37.5%) 3 (27.3%) 11 (42.3%) 5 (29.4%) 6 (66.6%)

Higher 3 (11.1%) 2 (12.5%) 1 (9.1%) 4 (15.38%) 4 (23.53%) 1 (11.1%)

Circadian blood pressure pattern

Dippers 14 (54%) 6 (40%) 8 (73%) 15 (60%) 9 (56%) 6 (67%) NS

Mild dippers 4 (15%) 3 (20%) 1 (9%) 7 (28%) 4 (25%) 3 (33%)

Extreme dippers 4 (15%) 3 (20%) 1 (9%) 2 (8%) 2 (13%) 0

Reverse dippers 4 (15%) 3 (20%) 1 (9%) 1 (4%) 1 (6%) 0

Coronary heart disease

Yes 3 (11%) 3 (19%) 0 0 0 0 NS

No 24 (89%) 13 (81%) 11 (100%) 26 (100%) 17 (100%) 9 (100%)

Diabetes

Yes 11 (41%) 6 (38%) 5 (45%) 8 (31%) 7 (41%) 1 (11%) NS

No 16 (59%) 10 (63%) 6 (55%) 18 (69%) 10 (59%) 8 (89%)

Chronic kidney disease

Yes 5 (19%) 4 (25%) 1 (9%) 1 (4%) 1 (6%) 0 NS

No 22 (81%) 12 (75%) 10 (91%) 25 (96%) 16 (94%) 9 (100%)

Chronic back pain

Yes 17 (63%) 11 (69%) 6 (55%) 10 (38%) 8 (47%) 2 (22%) 0.08

No 10 (37%) 5 (31%) 5 (45%) 16 (62%) 9 (53%) 7 (78%)

Headache

Yes 15 (56%) 10 (63%) 5 (45%) 7 (27%) 6 (35%) 1 (11%) <0.05

No 12 (44%) 6 (38%) 6 (55%) 19 (73%) 11 (65%) 8 (89%)

Sleep disorders, snoring

Yes 22 (81%) 14 (88%) 8 (73%) 13 (50%) 8 (47%) 5 (56%) <0.05

No 5 (19%) 2 (12%) 3 (27%) 13 (50%) 9 (53%) 4 (44%)

Positive family history of cardiovascular disease

Yes (hypertension, diabetes, stroke) 25 (93%) 15 (94%) 10 (91%) 22 (85%) 15 (88%) 7 (78%) NS

No 2 (7%) 1 (6%) 1 (9%) 4 (15%) 2 (12%) 2 (22%)

Smoking

Currently, smoking 3 (11%) 1 (6%) 2 (18%) 5 (19%) 3 (18%) 2 (22%) NS

Non-smoking 23 (85%) 14 (88%) 9 (82%) 18 (69%) 13 (76%) 5 (56%)

Non-smoker from <5 years ago 1 (4%) 1 (6%) 0 2 (12%) 1 (2%) 2 (22%)

Alcohol drinking

Yes 8 (30%) 2 (13%) 6 (55%) 8 (31%) 2 (12%) 6 (67%) NS

No 19 (70%) 14 (88%) 5 (45%) 18 (69%) 15 (88%) 3 (33%)

BMI=body mass index.
Data are presented as mean ± SD or number (percentage).
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Table 2. 24-h, nighttime, daytime, morning systolic and diastolic blood pressure, pulse pressure in resistant hypertension and well-
controlled hypertension groups at baseline and after three and six months of the study

Parameter (mmHg) Time of measurement Resistant Hypertension Well-controlled hypertension P value

Office SBP At baseline 150 ± 24 132 ± 8.5 <0.001

After 3 months 137.5 ± 17 P= 0.004* 129.7 ± 10 0.1

After 6 months 140 ± 24 P= 0.08 130.7 ± 11 0.2

Office DBP At baseline 90 ± 14 80.5 ± 7.5 <0.005

After 3 months 83 ± 11 P= 0.001* 77.7 ± 7 0.1

After 6 months 84.4 ± 13 P= 0.04** 80.7 ± 8 0.2

SBP ABPM At baseline 127 ± 17 119 ± 12 <0.05

After 3 months 126 ± 15 P= 0.20 120 ± 11 0.1

After 6 months 127 ± 18 P= 0.60 119 ± 9 0.1

DBP ABPM At baseline 75.4 ± 11 72.6 ± 7.1 0.3

After 3 months 73.8 ± 11 P= 0.10 71.9 ± 6.5 0.5

After 6 months 74.6 ± 12 P= 0.40 71.9 ± 5.2 0.4

Daytime SBP ABPM At baseline 131.3 ± 16 122.4 ± 12 <0.05

After 3 months 131.4 ± 14 P= 0.30 124 ± 12 0.1

After 6 months 130 ± 16 P= 0.30 123 ± 10 0.1

Daytime DBP ABPM At baseline 77.8 ± 11 75 ± 7 0.3

After 3 months 77.5 ± 10 P= 0.30 74.7 ± 7 0.3

After 6 months 76.2 ± 11 P= 0.20 74 ± 5 0.4

Nighttime SBP ABPM At baseline 116.7 ± 20 109.5 ± 15 0.2

After 3 months 111.6 ± 17 P= 0.07 107 ± 12 0.3

After 6 months 119 ± 25 P= 0.70 107 ± 9 0.05

Nighttime DBP ABPM At baseline 67.4 ± 13 64.8 ± 9 0.8

After 3 months 65.7 ± 12 P= 0.40 63 ± 6 0.4

After 6 months 69 ± 15 P= 0.90 64 ± 6 0.2

Pulse pressure ABPM At baseline 53.2 ± 11 46.4 ± 9 <0.05

After 3 months 52.3 ± 8 P= 0.20 48 ± 9 0.1

After 6 months 52.5 ± 10 P= 0.40 47 ± 9 0.1

Nighttime pulse pressure ABPM At baseline 49 ± 11 44.2 ± 9 0.4

After 3 months 46 ± 9 P= 0.03** 44 ± 9 0.4

After 6 months 50 ± 14 P= 0.80 43.5 ± 8 0.1

Daytime pulse pressure ABPM At baseline 53.5 ± 10 47.6 ± 10 <0.05

After 3 months 54.7 ± 9 P= 0.98 49.5 ± 10 0.06

After 6 months 53 ± 9 P= 0.50 49 ± 9 0.1

Morning SBP ABPM At baseline 136.6 ± 25 125 ± 19 0.06

After 3 months 136 ± 16 P= 0.40 125 ± 20 0.05

After 6 months 116.6 ± 37 P= 0.07 120 ± 17 0.3

Morning DBP ABPM At baseline 80.5 ± 15 73.2 ± 10 0.05

After 3 months 80.3 ± 14 P= 0.50 74 ± 12 0.1

After 6 months 75.2 ± 19 P= 0.15 74 ± 12 0.3

ABPM= automatic blood pressure monitoring; BP= blood pressure; DBP=diastolic blood pressure; Morning SBP and DBP=blood pressure mean during 1st hour
after waking up; SBP= systolic blood pressure.
Data are presented as mean ± SD.
*P<0.005 for the difference in the group of resistant hypertension versus baseline value.
**P<0.05 for the difference in the group of resistant hypertension versus baseline value.

Primary Health Care Research & Development 579

https://doi.org/10.1017/S1463423618000154 Published online by Cambridge University Press

https://doi.org/10.1017/S1463423618000154


comparing a standard behavioral weight loss intervention versus a
technology-enhanced weight loss intervention did not result in
greater weight loss (Jakicic et al., 2016).

A study that referred to a similar population demonstrated that a
12-week aerobic exercise program was effective in decreasing BP.
The BP reduction achieved during the day was 6± 12 and
3±7mmHg for SBP and DBP, respectively (Dimeo et al., 2012). In
our population the respective changes of BP were smaller and non-
significant reaching 1.5± 16mmHg and 1.6±11mmHg. The
smaller effect in our study may be explained by the lower 24-h mean
SBP and DBP at baseline (127.2 and 75.4mmHg, respectively)
compared with 135.3 and 75.4mmHg in a study of Dimeo et al.

We were not able to offer group activities and the exercises
were not supervised or led by a coach for the whole duration of
the study. Instead our simplified protocol included the methods
that were widely available, inexpensive and that could be imple-
mented without any additional preparation/training. Such pro-
gram is more likely to be accepted by the patients who are
generally reluctant to participate in group activities (Freene et al.,
2014). The effectiveness of various methods aimed at increasing
the physical activity was analyzed in Australia and that study

confirmed the aptness relevance of our assumptions (Freene et al.,
2014; 2015).

Dimeo et al. applied 30-min exercises such as walking on a
treadmill with a gradual extension of the training duration, three
times a week (Dimeo et al., 2012). Guimaraes et al. presented a
slightly different approach implementing physical activity in the
form of strength exercises based on using the persons own body
mass (calisthenics) and walking in the water heated up to the
temperature of 30–32°C. After 12 weeks of exercises three times a
week, including 1-h meeting the lowering effects on BP were
observed both during the day and night BP (Guimaraes et al.,
2014). Ribeiro et al. found a significant effect of physical exercise
on BP in individuals with high BP values at the start (Ribeiro
et al., 2015). In our study a reference group included the indivi-
duals with well-controlled BP using ≤3 antihypertensives while in
the aforementioned studies control patients had a RH with much
higher BP at baseline. We considered a comparative group of
well-controlled hypertensive patients with significantly better
cardiovascular prognosis as a good background for demonstrating
beneficial changes in RH group hence our study showed that the
impact of the physical activity program is not inferior in patients
with RH compared with the patients with well-controlled
hypertension.

A nighttime BP during sleep has been established as an
important prognostic factor in recent years, more important than
24-h mean values or morning BP (Salles et al., 2008; Hermida
et al., 2013; 2014). Ling et al. postulated a beneficial influence of a
regular aerobic activity on strengthening the effect of the SBP and
pulse pressure drop at night (‘dipping’) despite the lack of the
influence upon the 24-h SBP (Ling et al., 2014). Our study
showed also the reduction of the percentage of the patients with
the ‘dipper’ profile and an increase of the number of patients with
the ‘mild dipper’ profile at the end of the study. It needs to be
emphasized that the mean nighttime values of BP remained
within the normal range during the whole study and at the end
the proportion of the ‘reverse dipper’ and ‘extreme dipper’
patients known to have the highest risk of cardiovascular inci-
dents (Kario and Shimada, 2004) was lower. The morning SBP
tended to decrease [but the difference did not reach the level of
statistical significance (P= 0.07)] in RH group, which might be
related to the change of the 24-h pressure profile into a more
beneficial pattern as suggested by some authors (Xu et al., 2012).

The importance of diabetes and obesity in the pathogenesis of
arterial hypertension and its resistance to treatment is well
documented (Calhoun et al., 2008; Roberie and Elliott, 2012).
Unfortunately RH group was too small to analyze the effect of
obesity and diabetes on the effects of physical activity on the
control of hypertension.

The study has other limitations. First, the impact of placebo
and Hawthorne effect, that is the knowledge that the person
participates in the study upon the results cannot be excluded.
The patients were qualified to RH group on the basis of the
current definition of RH based on office measurements (Calhoun
et al., 2008), and therefore the group might have also included
the patients experiencing the apparent RH, such as ‘white coat
syndrome’ and medication non-adherence (Townsend and
Epstein, 2016). Importantly the results were primarily analyzed
with respect to ABPM that is as the best method for this
population (Calhoun et al., 2008; Syrseloudis et al., 2011; Mancia
et al., 2013).

The lower reduction of BP than in other studies might have
been a consequence of a less intensive exercise program.

Figure 1. Systolic blood pressure, pulse pressure in resistant hypertension and well-
controlled hypertension groups in observation period. Δ=Change of parameter in
observation period; DBP= diastolic blood pressure; PP= pulse pressure; SBP=
systolic blood pressure. Data are presented as mean; P value of <0.05 is considered
statistically significant

Figure 2. Circadian blood pressure patterns during the study. RH= resistant
hypertension group; WHC=well-controlled hypertension group
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Table 3. Physical activity, energy expenditure and body composition in patients with resistant hypertension and well-controlled
hypertension

Parameter Time of measurement Resistant Hypertension Well-controlled hypertension P value

Physical activity of moderate or higher intensity, min At baseline 290 ± 254 373 ± 220 0.06

After 3 months 273 ± 144 P= 0.97 424 ± 293 0.001

After 6 months 363 ± 284 P= 0.30 421 ± 279 0.4

Number of steps taken during 3 days At baseline 17 361 ± 6815 21 374 ± 9481 0.08

After 3 months 20 807 ± 8539 P= 0.05 243 314 ± 11 135 0.23

After 6 months 23067 ± 7741 P= 0.002* 25 779 ± 11 201 0.34

MET average, during 3 days At baseline 1.325 ± 0.3 1.48 ± 0.2 <0.05

After 3 months 1.33 ± 0.2 P= 0.80 1.52 ± 0.3 <0.05

After 6 months 1.46 ± 0.3 P= 0.001* 1.55 ± 0.3 0.33

Energy expenditure associated with physical activity during
3 days, (J)

At baseline 6850 ± 5812 7585 ± 4708 0.27

After 3 months 6500 ± 3303 P= 0.90 8861 ± 6505 0.41

After 6 months 8327 ± 5436 P= 0.20 8507 ± 6098 0.98

Total energy expenditure during 3 days (J) At baseline 34 950 ± 6193 33 054 ± 6753 0.15

After 3 months 35 310 ± 5633 P= 0.90 34 426 ± 9123 0.23

After 6 months 37 769 ± 7326 P= 0.06 34 172 ± 8048 0.12

Rest time in 3 days, including a sedentary lifestyle (min) at baseline 1573 ± 263 1520 ± 175 0.24

After 3 months 1511 ± 263 P= 0.30 1573 ± 312 0.77

After 6 months 1458 ± 292 P= 0.03** 1483 ± 246 0.77

Sleep during 3 days (min) At baseline 1278 ± 228 1298 ± 156 0.72

After 3 months 1238 ± 246 P= 0.80 1293 ± 218 0.44

After 6 months 1147 ± 270 P= 0.02** 1281 ± 212 0.06

Total body water (l) At baseline 43 ± 7.2 39.1 ± 6.6 <0.05

After 3 months 43.6 ± 7.4 P= 0.08 39.1 ± 7.3 <0.05

After 6 months 44 ± 7.3 P= 0.01** 40.3 ± 6.9 0.08

Lean body mass (kg) At baseline 58.8 ± 9.8 53.4 ± 9.1 <0.05

After 3 months 59.6 ± 10.2 P= 0.11 53.4 ± 10 0.02

After 6 months 60.1 ± 9.9 P= 0.01** 55.1 ± 9.4 0.08

Fat mass (kg) At baseline 29.9 ± 9.1 22.6 ± 8.1 <0.005

After 3 months 30.6 ± 9.6 P= 0.06 23.8 ± 8.1 0.01

After 6 months 30.1 ± 9.5 P= 0.77 23.3 ± 9.1 0.01

Extracellular mass (kg) At baseline 27.8 ± 4.7 25.3 ± 4.0 <0.05

After 3 months 28.9 ± 4.5 P= 0.005* 25.4 ± 4.4 <0.005

After 6 months 28.4 ± 5.5 P= 0.36 26.1 ± 4.4 0.07

Body cell mass (kg) At baseline 30.7 ± 6.5 28.1 ± 5.6 0.12

After 3 months 30.6 ± 6.4 P= 0.84 28 ± 6.2 0.08

After 6 months 31.7 ± 6.1 P= 0.10 29 ± 5.6 0.12

Basal metabolic rate (kcal) At baseline 1586 ± 26 1502 ± 177 0.12

After 3 months 1584 ± 23 P= 0.86 1500 ± 194 0.09

After 6 months 1616 ± 195 P= 0.10 1531 ± 178 0.12

MET=metabolic equivalent, 1 MET responsible resting oxygen consumption.
Data are presented as mean ± SD; ‘Conversion factors to SI units are as follows: for basal metabolic rate, 4184; for total body water, 0.001’.
*P<0.005 for the difference in the group of resistant hypertension versus baseline value.
**P<0.05 for the difference in the group of resistant hypertension versus baseline value.
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In addition, the strongest effect on BP reduction was observed in
the groups treated with isometric resistance exercises but that
type of training was not used in our study (Cornelissen and
Smart, 2013).

The strength of the study is the intervention that is simple,
inexpensive and accessible in primary care. It is based on a tailor-
made approach and provides an opportunity to select the most
suitable type of activity. It is also well tolerated and well assessed
by patients.

In conclusion the regular physical activity is a multidirectional
form of intervention that has a beneficial impact on the patients
with hypertension. Its benefits in patients with treatment of RH
are however moderate and limited in time. It seems commendable
to try to physically activate patients with RH in addition to a
pharmacological therapy.
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