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The HYPEDIA study aimed at evaluating the implementation of the 2018 European guidelines for treating hypertension in primary
care. A nationwide prospective non-interventional cross-sectional study was performed in consecutive untreated or treated
hypertensives recruited mainly in primary care in Greece. Participants’ characteristics, office blood pressure (BP) (triplicate
automated measurements, Microlife BPA3 PC) and treatment changes were recorded on a cloud platform. A total of 3,122 patients
(mean age 64 ± 12.5 [SD] years, 52% males) were assessed by 181 doctors and 3 hospital centers. In 772 untreated hypertensives
(25%), drug treatment was initiated in the majority, with monotherapy in 53.4%, two-drug combination in 36.3%, and three drugs in
10.3%. Angiotensin receptor blocker (ARB) monotherapy was initiated in 30%, ARB/calcium channel blocker (CCB) 20%, ARB/
thiazide 8%, angiotensin converting enzyme inhibitor (ACEi)-based 19%. Of the combinations used, 97% were in single-pill. Among
977 treated hypertensives aged <65 years, 79% had BP ≥ 130/80 mmHg (systolic and/or diastolic), whereas among 1,373 aged ≥65
years, 66% had BP ≥ 140/80 mmHg. ARBs were used in 69% of treated hypertensives, CCBs 47%, ACEis 19%, diuretics 39%, beta-
blockers 19%. Treatment modification was decided in 53% of treated hypertensives aged <65 years with BP ≥ 130/80mmHg and in
62% of those ≥65 years with BP ≥ 140/80mmHg. Renin-angiotensin system blocker-based therapy constitutes the basis of
antihypertensive drug treatment in most patients in primary care, with wide use of single-pill combinations. In almost half of
treated uncontrolled hypertensives, treatment was not intensified, suggesting suboptimal implementation of the guidelines and
possible physician inertia.
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INTRODUCTION
Arterial hypertension is a major global public health problem due
to its high prevalence in the general population and its association
with considerable cardiovascular morbidity and mortality [1]. The
benefits of blood pressure (BP) lowering treatment for prevention
of cardiovascular disease are well established. Results of meta-
analyses which used data from randomized controlled trials
including several hundred thousand patients have shown that a
10/5 mmHg reduction in systolic/diastolic BP is associated with
significant reductions in all major cardiovascular events by about
20% [1, 2].
Despite the proven benefit of the antihypertensive treatment,

hypertension awareness and BP control rates have remained poor
worldwide [1, 3–6]. The 2018 European Society of Cardiology
(ESC)/European Society of Hypertension (ESH) guidelines for the
management of arterial hypertension identified that poor
adherence to treatment and physician clinical inertia (ie, lack of
therapeutic action when the patient’s BP is uncontrolled) are
important causes of poor BP control [1]. In this context, the 2018
ESC/ESH guidelines adopted an aggressive stepwise treatment
strategy using two-drug single-pill combination at the initial step

of the treatment algorithm for most patients [1]. Moreover,
angiotensin-converting enzyme inhibitors (ACEi) and angiotensin
receptor blockers (ARB) constitute the basis of the combination
therapy due to their established cardiovascular and renal
protective effects together with their excellent tolerability [1].
The initiation of treatment in most patients with a two-drug
single-pill combination improves adherence as well as speed,
efficiency, and predictability of BP control, resulting in
improvement of the hypertension control rates in the general
population [7].
Office BP measurement has been regarded as the “cornerstone”

for diagnosis and management of hypertension, because the vast
majority of the evidence on the risks associated with elevated BP
and the benefits of treatment-induced BP lowering has been
based on office BP measurements [1, 8, 9]. Despite the limitations
of office BP and the increasing use of out‐of‐office BP using home
and less so ambulatory monitoring, at present and for some time
to come it is likely that in many people the diagnosis and
management of hypertension will be based on office BP
measurement alone, especially in primary care [8, 9]. The 2018
ESC/ESH guidelines propose office BP threshold levels for the

Received: 18 November 2021 Revised: 28 April 2022 Accepted: 7 June 2022
Published online: 14 July 2022

1Hypertension Center STRIDE-7, National and Kapodistrian University of Athens, School of Medicine, Third Department of Medicine, Sotiria Hospital, Athens, Greece. 2Department
of Cardiology, Venizeleio General Hospital, Heraklion, Crete, Greece. 3Department of Internal Medicine, Larissa General Hospital, Larissa, Greece. *A list of authors and their
affiliations appears at the end of the paper. ✉email: gstergi@med.uoa.gr

www.nature.com/jhhJournal of Human Hypertension

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-022-00713-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-022-00713-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-022-00713-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41371-022-00713-w&domain=pdf
http://orcid.org/0000-0002-2098-1665
http://orcid.org/0000-0002-2098-1665
http://orcid.org/0000-0002-2098-1665
http://orcid.org/0000-0002-2098-1665
http://orcid.org/0000-0002-2098-1665
http://orcid.org/0000-0002-6132-0038
http://orcid.org/0000-0002-6132-0038
http://orcid.org/0000-0002-6132-0038
http://orcid.org/0000-0002-6132-0038
http://orcid.org/0000-0002-6132-0038
https://doi.org/10.1038/s41371-022-00713-w
mailto:gstergi@med.uoa.gr
www.nature.com/jhh


antihypertensive drug treatment initiation and for treatment
targets [1]. Moreover, stricter BP treatment target ranges are
recommended for patients aged <65 years (120–129/70–79
mmHg, systolic/diastolic) [1].
As hypertension affects more than one third of the adult

population, most of these patients are managed in primary care.
Real-life data on hypertension control rates in primary care setting
demonstrate an evidence practice gap which is multifactorial and
mainly attributed to poor patients’ compliance, physician inertia,
and issues within the healthcare system services such as patient
access and treatment costs [1, 5, 6]. The purpose of the present
study was to assess the therapeutic approach in newly diagnosed
untreated and previously treated hypertensive patients by primary
care doctors in Greece, with regard to the 2018 European
guidelines.

MATERIALS/SUBJECTS AND METHODS
This was a national level, non-interventional, observational, cross-
sectional, epidemiological study conducted in a single visit for
each participant. The study was carried out between September
2019 and April 2020.
This study was designed to assess doctor’s practices in the

management of hypertension and to determine whether these
practices adhere to the 2018 ESC/ESH recommendations.
Fully ambulatory patients aged ≥18 years, diagnosed with

essential hypertension at the time of enrolment were eligible for
inclusion. Primary care sites and hospital centers were selected on
the basis of distribution criteria so as to cover several territories
throughout the country, and aiming to include hypertensive
patients from different geographical regions of Greece. All the
candidate sites were invited and informed by phone calls and/or
emails. Each primary care investigator and each hospital clinic was
asked to recruit at least 15 sequential patients of whom 25% naïve
to treatment and 75% previously treated.
Medical history, drug treatment, BP measurements and

intended changes were recorded for each participant in a single
visit using an electronic patient’s form of an online cloud platform.
This electronic form was identified by a code assigned exclusively
to each participant and was filled in during the study visit.
Triplicate office BP measurements were taken after 5 min sitting
rest at a chair with back support at 1-minute intervals, with the
arm resting on a table (mid-arm at heart level) and feet flat on the
floor. BP measurements were performed using a validated
automated oscillometric, upper-arm BP monitor (Microlife BPA3
PC, Widnau, Switzerland), equipped with a medium-large size cuff
(wide range 22–42 cm) [10]. BP readings were automatically
transferred to personal computer (wired transfer) and synchro-
nously uploaded to the online cloud system with the patient’s
electronic form simultaneously opened so as to allow matching of
data. In accordance with the 2018 ESC/ESH guidelines the average
of the second and third BP measurement was used [1].
Uncontrolled hypertension in treated patients was defined as
office BP ≥ 130/80mmHg (systolic and/or diastolic) in those aged
<65 years and ≥140/80 mmHg in ≥65 years [1]. All medical
examinations recorded in this observational study were carried
out as recommended for routine clinical practice.
The study protocol was approved by the Scientific/Ethics

Committee of the Sotiria Hospital (Athens, Greece), General
Hospital of Larissa (Greece), and Venizeleio General Hospital of
Crete (Greece). All participants signed written informed consent
for their participation in the study.
The Kolmogorov–Smirnov test was used to check the normal

distribution of the study variables. Continuous variables were
expressed as mean (SD). Comparison of qualitative variables
between 2 groups (i.e., between the hospital hypertension centers
and the primary sector) was performed using Chi-squared or
Fisher’s exact test. Comparison of quantitative variables between 2

groups was performed using the t-test or Mann-Whitney test
based on normal or non-normal distribution respectively. Binary
logistic regression analysis was applied to identify determinants of
uncontrolled hypertension among treated patients. Independent
variables included the setting of care (primary care or hospitals),
and factors related to patients’ characteristics (age, sex, body mass
index [BMI], diabetes mellitus, smoking status, educational status).
Non-parametric values were natural log-transformed before being
used in the above analysis. Statistical analysis was performed
using the IBM SPSS Statistics (Version 21.0. Armonk, NY IBM Corp).
A p-value lower than 0.05 was considered statistically significant.

RESULTS
Overall, a total of 3122 patients were enrolled, of whom 3002 (25%
untreated) were recruited by 181 primary care doctors and 120
(21% untreated, p= NS vs primary care) in 3 hospital centers. The
study participants’ characteristics are shown in Table 1.
In 772 untreated hypertensives (25% of the overall population;

mean age [SD]: 58 [12] years), mean systolic/diastolic BP was
149.7 ± 18.1/89.0 ± 11.6 mmHg. Drug treatment was initiated in
769 patients with drug monotherapy in 53.4%, two-drug
combination in 36.3%, and three drugs in 10.3%. There were
3 primary care doctors who initiated triple-drug therapy in
80–100% of their patients. Main choices for treatment initiation
included angiotensin receptor blocker (ARB) monotherapy in 30%,
ARB/calcium channel blocker (CCB) 20%, ARB/thiazide 8%,
angiotensin-converting enzyme inhibitor (ACEi) monotherapy
11%, ACEi/CCB 4%, ACEi/thiazide (or thiazide-like) 1%, CCB
monotherapy 5% and beta-blocker monotherapy 7% of the cases
(Fig. 1). Of the combinations used, 97% were prescribed as a
single-pill combination.
In 329 untreated patients aged <80 years with systolic BP ≥ 150

mmHg, treatment was initiated with drug monotherapy in 32%,
two-drug combination in 50%, and three drugs in 18%.
In 2350 treated hypertensives (75% of the overall population),

mean systolic/diastolic BP was 140.2 ± 19.1/82.1 ± 11.8 mmHg.
Mean duration of hypertension since initial diagnosis was 8.6 ±
6.9 years and treatment included on average 2.0 ± 0.9 antihyper-
tensive drugs. Main drug classes administered in these patients
were ARB monotherapy 18%, ARB/CCB 15%, ARB/thiazide 12%,
ARB/CCB/thiazide 12%, ACEi monotherapy 7%, ACEi/CCB 4%,
ACEi/thiazide (or thiazide-like) 3%, ACEi/CCB/thiazide-like 2%, CCB
monotherapy 5%, beta-blocker monotherapy 4%, and other
choices 18%. Single pill combinations were used in 85% of
patients receiving combination therapy.
Among treated hypertensives aged <65 years (N= 977), 79%

had BP ≥ 130/80 mmHg (systolic and/or diastolic), whereas among
those aged ≥65 years (N= 1373) 66% had BP ≥ 140/80mmHg

Table 1. Demographic and clinical characteristics of study
participants (mean ± SD or %).

Variable

Age (years) 64.0 ± 12.5

Males 52.4%

Body mass index (kg/m2) 28.4 ± 4.6

Diabetes mellitus 24.7%

Smoking 26.6%

Coronary heart disease 12.8%

Treated hypertension 75.3%

Number of antihypertensive drugs 2.0 ± 0.9

Office systolic blood pressure (mmHg) 142.5 ± 19.3

Office diastolic blood pressure (mmHg) 83.8 ± 12.1

Heart rate (bpm) 74.6 ± 12.6
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(Fig. 2). Treatment modification (dose increase, drug addition, use
of fixed combinations, switch of drug to another within the same
or other class) was decided in 53% of the treated hypertensives
aged <65 years with BP ≥ 130/80 mmHg, and in 62% of those ≥65
years with BP ≥ 140/80mmHg. There were no significant differ-
ences in the types of treatment decisions per care of setting
(primary care versus hospital centers).
Binary logistic regression for identifying determinants of

uncontrolled BP (≥130/80mmHg in treated patients aged <65
years and ≥140/80 mmHg in those ≥65 years), showed that natural
logarithm of BMI (OR 10.9, 95% CI 1.9, 62.8), and male versus
female sex (OR 2.2, 95% 1.3, 3.8), were associated with a higher
probability of uncontrolled hypertension.
For patients aged <65 years, 70% of primary care and 82% of

hospital doctors used a systolic BP target <130mmHg (p= 0.06

for difference), whereas for diastolic BP target <80 mmHg 58% and
55% respectively (p= NS). For patients aged ≥65 years, 98% of
primary care and 100% of hospital doctors used a systolic BP
target <140mmHg (p= NS), whereas for diastolic BP target <80
mmHg 61% and 51%, respectively (p= NS).

DISCUSSION
This observational study assessed the treatment strategy of the
doctors in the routine clinical practice in Greece compared with
the 2018 ESC/ESH guidelines for the management of arterial
hypertension. The main findings include the following: (i) Renin-
angiotensin system blockers constitute the basis of antihyperten-
sive treatment, mainly in single-pill two-drug combinations; (ii) in
a considerable proportion of newly diagnosed untreated patients,
treatment was initiated with monotherapy; (iii) more than half of
treated patients had uncontrolled BP; (iv) treatment modification
was decided in only about half of treated patients with
uncontrolled BP.
Renin-angiotensin system blockers (ARB, ACEi) are recom-

mended in the first step of the 2018 ESC/ESH treatment algorithm
[1]. This is supported by the strong evidence showing cardiovas-
cular and renal protection with these drugs classes [1]. This study
showed that in newly diagnosed hypertensives, ARB or ACEi
monotherapy, or ARB- or ACEi-based combination therapy
represent the most common choices. The same was valid
regarding the treatment choices in treated hypertensives. There
are additional interesting observations regarding the use of ARBs
and ACEis. First, ARBs were much more commonly used than
ACEis. This probably reflects the rather comparable outcome
efficacy of these drug classes combined with more favorable
tolerability profile of ARBs [11]. Second, there was a trend for a
more frequent prescription of ARB or ACEi in combination with
CCB rather than with a diuretic. This observation could reflect the
influence of the findings of the ‘Avoiding Cardiovascular Events
through Combination Therapy in Patients Living with Systolic
Hypertension’ (ACCOMPLISH) trial in favor of the ACEi combina-
tion with CCB versus diuretic [12]. Interestingly, the 2020
guidelines by the International Society of Hypertension support
the use of ARB or ACEi with CCB rather than a diuretic [13], yet this
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Fig. 1 Choices regarding drug treatment initiation in untreated hypertensive patients. ARB angiotensin receptor blockers,
ACEi angiotensin-converting enzyme inhibitors, CCB calcium channel blockers.
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Fig. 2 Blood pressure control rates. Percentage of uncontrolled
and controlled hypertension among 2350 treated hypertensive
patients according to office blood pressure targets recommended
by 2018 European guidelines (<130/80 mmHg in <65 years;
<140/80mmHg in ≥65 years).
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publication was too recent to have influenced clinical practice.
Third, the ARB- or ACEi-based combinations were mainly used as
single-pill combinations. This is particularly important since single-
pill combinations improve adherence and persistence in treated
hypertensives [14].
Another interesting finding is the relatively frequent use of drug

monotherapy for treatment initiation in newly diagnosed hyper-
tensive patients. These data are somewhat in contrast to the 2018
ESC/ESH strategy recommending two-drug combination therapy
at first step for most patients aged <80 years with systolic BP ≥
150mmHg [1]. These findings might reflect suspected white-coat
reaction in some cases and hesitance of the doctors to decide, or
clinical inertia. Real life data from a large population-based cohort
in Italy showed that a significant number of patients who received
initial monotherapy failed to move to combination treatment, as
recommended by the 2018 ESC/ESH guidelines, highlighting
considerable therapeutic inertia in primary care [5]. This is highly
important since randomized-based trial evidence suggests that
antihypertensive combination treatment of any complexity (up to
three or more drugs) is more protective compared to no-
treatment or less-complex treatment [15]. On the other hand, in
10% of patients, their doctors initiated therapy with a 3-drug
combination and in fact 3 primary care doctors adopted this
strategy in 80–100% of their patients. Although the doses of the
drugs were not available and low-dose combinations might have
been used, this aggressive strategy is not supported by the 2018
guidelines. While it is expected to lead to faster and better control
rates, it might result in overtreatment with excessive BP decline
and its associated adverse effects.
A large proportion of treated patients in the current study

presented with uncontrolled hypertension based on office BP,
thus failing to reach the ESC/ESH recommended BP targets. It is
also important to note that demographic characteristics such as
male sex and higher BMI, which add cardiovascular risk, were
associated with higher probability of uncontrolled hypertension.
Although the ESC/ESH guidelines emphasize the important role of
out-of-office BP measurements in the management of hyperten-
sion, reality is that in many patients in primary care the
management of hypertension is based solely on office BP.
Moreover, the 2018 ESC/ESH guidelines recommend a stricter BP
target goal for patients <65 years (<130/80 mmHg) [1]. In this
study, despite the high rate of uncontrolled hypertension,
therapeutic decision to modify treatment, was taken in only
about half of the uncontrolled patients. In addition, a considerable
number of doctors used less strict BP goals compared with that of
the 2018 ESC/ESH guidelines. All the above findings indicate
suboptimal implementation of the ESC/ESH guidelines which is
attributed to several factors, probably related to inadequate
patients’ adherence and physicians’ therapeutic inertia in achiev-
ing optimal hypertension control.
When interpreting the findings of the current study it should be

taken into consideration that BP was assessed in single office visit
and out-of-office BP was not evaluated. Yet, in real life general
practice, office BP measurements, usually under poorly defined
conditions, may constitute the sole BP assessment method for
many hypertensives considering the lack of time and resources in
primary care. In addition, the doctors might have been influenced
by (i) their participation in the study, which may have improved
their compliance to the guidelines, and (ii) the fact that they were
forced to take triplicate BP measurements (automated measure-
ments with validated device and online storage) which may lead
to more standardized office BP assessment compared to the usual
care measurements. However, the study findings suggesting
physician inertia indicate that the true behavior of physicians in
clinical practice has been revealed to a large extent.
In conclusion, renin-angiotensin system blocker-based therapy,

mainly ARBs, constitutes the basis of antihypertensive drug
treatment in the vast majority of patients in primary care, with

single-pill combinations being widely used. In almost half of
treated uncontrolled hypertensives treatment was not intensified
(physician inertia), suggesting suboptimal implementation of the
2018 ESC/ESH goals in primary care. These findings support the
need of reinforcing information and education strategies for
primary care doctors so as to perform standardized BP measure-
ments, detect hypertensive patients of high cardiovascular risk
and implement early, more intense and simplified therapy
through wider use of double and triple fixed-dose combinations,
in line with the recommendations. Thus, it is highly important that
both doctors and patients are informed about the evidence-based
safety and benefits of the antihypertensive treatment strategy
according to current guidelines, the need of accurate diagnosis,
and the importance of achieving optimal control of BP in terms of
more efficient cardiovascular disease prevention.

Summary Table
What is known about the topic

● Previous studies have confirmed poor control rates of treated
hypertension in primary care worldwide.

● 2018 ESH/ESC guidelines for the management of hypertension
recommended a stepwise treatment algorithm with the use of
single-pill combinations and stricter blood pressure targets
than previous guidelines.

What this study adds

● In a large sample of hypertensive patients in primary care the
implementation of the 2018 ESH/ESC guidelines for the
management of hypertension was found to be suboptimal.

● Initial drug monotherapy, instead of drug combination, was
decided for a considerable proportion of newly treated
hypertensives.

● In almost half of treated uncontrolled hypertensives, treat-
ment was not intensified, suggesting physician inertia.

DATA AVAILABILITY
The study data can be available after reasonable request from the corresponding
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