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Abstract: With the medical and social importance of resistant arterial hypertension (HTN) in mind,
we had three goals in this paper: to study the definitions of resistant HTN in the guidelines on the
topic, to analyze them, and to suggest some improvements. We found (at least) eleven insufficiencies
in the definition of resistant HTN: (1) different blood pressure (BP) values are used for diagnoses;
(2) the number of BP measurements is not specified; (3) the time-frame for the definition is not obtained;
(4) it fails to provide normal or target or controlled BP values; (5) secondary HTN is not currently
defined as true resistant HTN, but as apparently treatment-resistant HTN; (6) the definition usually
directly incorporates BP cut-offs for systolic BP (sBP) and diastolic BP (dBP) making the diagnosis
temporary; (7) stress is not included in the exclusion strategy for resistant HTN; (8) there is potentially
a need to introduce a category of recovered resistant HTN; (9) to what degree do healthy lifestyle measures
have to be fulfilled to consider it as sufficient to change the diagnosis from “apparent treatment-resistant
HTN” to the “resistant HTN”; (10) sBP values normal-for-the-age for 61 and 81 year old patients in
some guidelines fulfill the criterion for resistant HTN; (11) it probably ought to read “In the absence of
contraindications and compelling indications . . . ” in the others. We believe that it is better to use the
phrase “above the target BP” for the definition of (treatment) resistant HTN, because the whole story
of resistant HTN is related to non-responders to antihypertensive treatment. Therefore, as we treat to
target and not to normal values, it is appropriate to define resistant HTN as an insufficiency to reach
the target BP values. Moreover, the definition of (treatment) resistant HTN should not be universal
for every patient with HTN, but it should be age-related: (treatment) resistant HTN is elevated BP
over the target/normal BP values. Using this modification, there will be no need to automatically
change the definition of resistant HTN when we change the BP targets in the future.

Keywords: blood pressure; arterial hypertension; resistant hypertension

1. Introduction

In the 2020 International Society of Hypertension’s Global Hypertension Practice Guide-
lines, resistant arterial hypertension (HTN) is defined as blood pressure (BP) measured at
over 140/90 mmHg in the doctor’s office in patients who receive ≥3 antihypertensive drugs
(diuretics included) in doses that are either optimal or maximally tolerated following the ex-
clusion of pseudoresistance, which includes an improper method for BP measurement that
ignores the white-coat effect, drug-induced HTN, and secondary HTN, as well as mistakes
regarding antihypertensive therapy either by a physician (suboptimal antihypertensive
drugs choices) or by a patient (treatment nonadherence) [1]. HTN without pseudoresis-
tance is named “true resistant HTN” and with pseudoresistance is called “apparently
treatment-resistant HTN” [2].
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Resistant HTN is very important due to both its high prevalence and risk [2,3]. As for
the prevalence of true resistant HTN, the estimation of the Global Hypertension Practice Guide-
lines is approximately 10% of the hypertensive population [2]. Numerous authors quote
10–20% without referring to true or apparently treatment-resistant HTN [2,4,5]. Indeed,
with a lower cut-off (130/80 mmHg) as recommended by American Heart Association’s
(AHA) 2018 guidelines [6], the prevalence of resistant HTN is higher (20%) [7]. Another
respective source—Hypertension Canada’s 2020 Evidence Review and Guidelines cite the
prevalence of resistant HTN as 10–30% [3]. On the other hand, the anticipated prevalence
of true resistant HTN in another paper was 2% [8]. Finally, a large meta-analysis, which
included 91 epidemiological studies and 3,207,911 patients with HTN, demonstrated that
the prevalence of true resistant HTN and of pseudoresistant HTN was about 10% each [9].

We noticed several unclear and controversial aspects of resistant HTN in the contem-
porary publications. It is disappointing to have both 130 and 140 mmHg as cut-offs for
resistant HTN. The difference in systolic BP (sBP) of 10 mmHg translates to a huge prog-
nostic difference during the follow-up. For example, 10 mmHg decrease in sBP under the
antihypertensive treatment can be expected to diminish the risk of cardiovascular events by
20%, according to a recently published meta-analysis that included 344,716 participants [10].
Moreover, an earlier meta-analysis of >1,000,000 patients and more than 12,700,000 person-
years demonstrated at least a twofold difference in death rates of ischemic heart disease,
stroke, and other vascular diseases for each 20 mmHg in usual sBP [11]. Indeed, not only
the decisions regarding individual patients but also the global prevalence of resistant HTN
depends greatly on the cut-off; with the lesser cut-off of 130 mmHg for sBP, the prevalence
of resistant HTN is one-fifth higher (as compared with 140 mmHg) [7]. If we assume HTN
prevalence is >1 billion patients [12–15] and the prevalence of resistant HTN at least 10% [2],
then these different cut-offs for resistant HTN concerns >100 million patients worldwide.

The rationale for this paper is the following: The most important aspects of resistant
HTN are covered by the current definition(s), e.g., according to the principles for a good
definition recommended in the paper of Oliver and Perry [16]. Nonetheless, the importance
of HTN in general (and particularly of resistant HTN) imposes a need for improvements,
because even the smallest development could provide significant benefits globally. The
immediate motive consists of several inconsistencies regarding resistant HTN that we have
observed. Knowing that approximately 1.4 billion patients have HTN globally [17], 10–20%
of them is a population of approximately 140–280 million people across the world with
resistant HTN. This 10–20% with resistant HTN have a worse prognosis than the other
80–90% of the HTN population, which is those who are not resistant. This is because of
the high risk that is imminent to resistant HTN [1–3,7,18]. With the medical and social
importance of resistant HTN (stemming from the very high prevalence and prominent risk)
in mind, we had three goals in this paper: to study the definitions of resistant HTN in the
guidelines on the topic, to analyze them, and to suggest some potential improvements.

2. Materials and Methods

The search began on SCOPUS (Figure 1). The search term was ‘resistant hyperten-
sion’. The time window used was 2013–2022 and the language was English. Articles and
reviews in the subject area of ‘Medicine’ were looked for. The search areas were ‘Title,
Abstracts and Keywords’. In the first place titles were analyzed for relevance resistant
hypertension, and then the abstracts were read. In total, 2137 abstracts were retrieved
on 21 December 2022. If the abstract was relevant, full-length papers were retrieved and
studied. If needed, the “snowball search” was performed in Science Direct, SAGE, Wiley,
Springer, and Oxford Press. The articles were not subjected to quality assessment, because
the aim was not to evaluate the key documents we analyzed (i.e., Guidelines), neither by the
National Guideline Clearinghouse Extent of Adherence to Trustworthy Standards (NEATS)
Instrument nor by the Appraisal of Guidelines for Research and Evaluation (AGREE-II); we
considered Guidelines being of utmost importance due to their direct powerful influence
on clinical practice.
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Figure 1. A flow chart for the search for resistant HTN, mostly in HTN guidelines. We performed a
narrative review aiming to analyze the differences and shortcomings in the available papers, mostly
using guidelines.

3. Results

After reviewing the literature, we made the following synthesis. The definition of
resistant HTN is suboptimal due to at least 11 reasons (Table 1).
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Table 1. Insufficiencies in the definition of resistant HTN.

Remarks (Insufficiencies in the Definition of Resistant HTN) References

1. Different BP cut-offs to diagnose resistant HTN are used. [1,3,4,18–20]
2. sBP values normal-for-the-age for 61 and 81 year old patients in some
guidelines fulfill the criterion for resistant HTN. [6,21–26]

3. The number of BP measurements is not specified. [22,27]
4. The time-frame for the definition is not obtained. [27,28]
5. Normal or target or controlled BP values have not been provided. [2,3,6,22,23,29–32]
6. To what degree do healthy lifestyle measures need to be fulfilled to
consider it as sufficient to change the diagnosis from “apparent
treatment-resistant HTN” to “resistant HTN”?

[33–35]

7. Is there a need to introduce a category of recovered resistant HTN? [36]
8. Stress is not included in the exclusion strategy for resistant HTN. [2]
9. It probably ought to read “In the absence of contraindications and
compelling indications . . . ”. n/a

10. The definition usually directly incorporates BP cut-offs for sBP and
dBP (which is not an ideal solution from a practical viewpoint). [1]

11. Secondary HTN is not currently defined as true resistant HTN, but
instead as treatment-resistant HTN. [1]

Legend: BP—blood pressure; HTN—arterial hypertension; sBP—systolic BP; dBP—diastolic BP.

The first unsolved issue is the BP cut-off to diagnose resistant HTN, because 4 different
cut-offs were used in the previous 5 years: >140/90 mmHg [1], ≥140/90 mmHg [4],
>130/80 mmHg [11], ≥130/80 [19,20], and various cut-offs (without a single cut-off) [3].
The last modality also has clear rationale and it needs to be applied in clinical practice
(because methods for BP measurements and therapeutic targets are not universal) [3].

The second problem is that the identical systolic BP (sBP) value (e.g., 145 mmHg on
the adequate triple antihypertensive therapy), which is normal-for-the-age for a 61 year
old patient [21], and also the normal-for-the-age sBP for an 81 year old [22,23], fulfil the
criterion for resistant HTN both [1,6,22,24–26]. Indeed, these two categories (“normal” BP
and “resistant” HTN) are exclusive of each other.

The third possible shortcoming is that the number of BP measurements is rarely
specified. For example, are the criteria for resistant HTN fulfilled with a single measurement
in the office (while on proper three antihypertensive drugs treatment) or is there a need for
several measurements? Keeping the variations of BP measurement results when taken in a
doctor’s office in mind, it is reasonable to have several measurements before the diagnosis
of apparent treatment-resistant HTN is made (to diminish the probability of measurement
error). This view is also in concordance with the recommendation to perform several BP
measurements in order to make the diagnosis of HTN for the first time (except for severe
BP elevations) [22].

Therefore, we do not have guidelines’ recommendation with regards to how many
BP measurements should be obtained. Indeed, longer observation periods mean that
more measurements are possible (and the other way round). There is an opinion to start
from; Fay and Cohen recommended the following: 2 readings in the morning (prior to
antihypertensive drugs) and an additional 2 in the evening (prior to sleep); measurements
should be done with minimum 1 min pause [27]. Undoubtedly, the preferred technique
for BP measurements is to be considered when recommending the number of BP readings.
Generally, ambulatory blood pressure monitoring (ABPM) is needed (to exclude white-coat
HTN and confirm resistant HTN), but this is not available around the globe.

Related to the number of measurements is the forth possible shortcoming—that the
time-frame for the definition is not obtained, i.e., how long BP should be uncontrolled to
diagnose resistant HTN. Is this a single measurement or 15 days or 1 month? Generally,
the recommendation is absent or not quite precise. Many patients have increased BP in the
doctor’s office at least partially due to temporary stress (including the white-coat effect). A
single BP measurement is probably not enough to label HTN ‘resistant’; therefore, repeated
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BP measurements are warranted for some time. Moreover, antihypertensive drugs need
time to exert full effect.

Furthermore, it seems reasonable to allow patients one or several weeks to improve
healthy lifestyle habits (such as to control excessive salt, alcohol, and tobacco consumption)
and allow the antihypertensive drugs to show full effect, and then reassess the presence
of the apparent treatment-resistant HTN (if secondary HTN and other required elements
are not excluded) or true resistant HTN (if they are). There is a general suggestion that
resistant HTN implies failure to reach BP targets during the next month following the start
of an adequate drug regimen [28]. We were only able to find one paper that provided a
recommendation: a minimum of 3 days (and optimally ≥7 days) with 4 measurements per
day, preferably during consecutive days [27].

The fifth problem is the unresolved issue of whether or not to diagnose resistant HTN
if triple optimal treatment fails to provide normal or target or controlled BP values. For
example, in the ESC/ESH guidelines, normal sBP is <140 mmHg, target sBP is 130 mmHg
(for the majority of patients), and 135 mmHg means normal sBP has been achieved while
failing to meet the target sBP level [22]. BP values higher than target are also cited as
criterion for resistant HTN [2,3,29–31]. “Uncontrolled” BP values are used to define resistant
HTN in the Canadian and American guidelines [6,23,32].

The sixth shortcoming is the absence of a criterion describing the degree in which
healthy lifestyle measures need to be fulfilled to allow us to say it is sufficient to change the
diagnosis from “apparent treatment-resistant HTN” to the “resistant HTN”. For example,
how should we check patients’ salt intake in everyday practice: 24-h urinary sodium
excretion, food frequency questionnaire, spot urine collection, or another tool [33,37–40]?
How realistic are self-reports? [33,38]. As a rule, it is not enough to simply remove the
saltshaker from the table, and it is difficult to measure quantities of food consumed and the
grams of salt that the food contains [23,33,35].

How many patients succeed in complete healthy lifestyle adoption? Numbers are
low [41–45], and the question remains—for how long does a healthy lifestyle need to
be maintained [42,46–48]? We are aware that drug adherence is disappointingly low
(e.g., 20–50%) [49–51], and that adopting a healthy lifestyle needs much more effort and
time [52]. Lifestyle changes are well-recognized as difficult to perform [53,54], e.g., quitting
smoking [55]. Therefore, the number of true resistant HTN patients may be lower (e.g.,
2%) [8] than what is reported [5,9].

Is it a pre-requisite for the diagnosis of true resistant HTN to exclude all mistakes in
the lifestyle? It is also important to underline the need for complete/sufficient compliance
with a healthy lifestyle because it is well recognized that excess food or mistakes in diet
(salty food and salty drinks, such as mineral water) and insufficient physical activity can
elevate BP and contribute to resistant HTN, as does excessive alcohol and nicotine abuse.

The seventh small insufficiency is the absence of a place/name for the category of
patients who adopt a healthy lifestyle completely and no longer need ≥3 antihypertensive
drugs. Is there a need to introduce also a category for recovered resistant HTN? There
are patients with the apparent treatment-resistant HTN (or even true resistant HTN) who
(in addition to other lifestyle improvements) lose enough weight to obtain very good BP
control with a drug or two (instead of previously used 3 or 4). Therefore, they no longer
have resistant HTN, and instead have recovered resistant HTN. This group would be an
absolute analogy with the inclusion of “the recovered ejection fraction (EF)” subgroup in the
definition of heart failure [56,57]. Recovered resistant HTN is an important category, and
Tsioufis et al. found that 10% of initially resistant HTN improved enough to be included in
this category [36].

The eight potential insufficiency is that to diagnose true resistant HTN, a physician
needs to exclude secondary hypertension, poor antihypertensive drug adherence, as well as
several types of unhealthy behavior, such as excessive consumption of salt, alcohol, or drugs
that increase BP. This is a commonplace, well-accepted strategy in numerous guidelines
and papers on the topic [2,8,27]. It is difficult to find a reason why stress is not included in
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this strategy despite the known effects of stress upon HTN genesis and worsening [58–61].
We all are aware of how much stress worsens HTN regulation—intensive stressors (e.g.,
death of close relative or spouse) and/or excessive reaction to sometimes an ordinary level
of stress may not only cause difficult-to-treat HTN, but also a hypertensive crisis. Moreover,
some degree of stress is typical for modern times. Indeed, it is not easy to measure it in
everyday busy practice, but other measurements of lifestyles are impractical, too.

The ninth limitation may be the absence of a logical recommendation—the guidelines
probably ought to read “In the absence of a compelling indication . . . ”. Resistant HTN
is a more severe type of HTN (as compared to non-resistant) with a worse prognosis,
and the hypertension-mediated organ damages (HMODs) are/will be obvious in many
patients. Therefore, it makes sense to expect many HMODs in patients with resistant
HTN [62]. Moreover, one or a few side effects or HMODS are very likely in patients with
resistant HTN [22,31,63,64].

Here we come to the point: if co-morbidities and HMODs are reasonably expected
in resistant HTN [65,66], they would impact the drug choice for those patients (with
resistant HTN) [2,28], because they represent the compelling indications recognized in
many guidelines [63]. For example, if there is a tendency toward ischemic heart disease
(IHD) or if it is already diagnosed, the optimal 3 drugs for uncomplicated HTN will have
to include recommended treatments for IHD, such as beta blocker (BB), calcium channel
blocker (CCB), and renin-angiotensin-aldosterone (RAAS) blocker [22].

Compelling indications are usually co-morbidities [67]. Moreover, compelling indica-
tions for some antihypertensive drugs are not rare in apparently treatment-resistant HTN,
because are associated with a higher prevalence of HMODs and co-morbidities [4,68,69].
For example, if a patient has apparently treatment-resistant HTN and chronic coronary
syndrome (CCS), the guideline-recommended treatment would be BB (in addition to dihy-
dropyridine CCB and RAAS blocker) but not diuretics [1,22,28,70–72]. To sum up, it proba-
bly ought to read “In the absence of contraindications and compelling indications . . . ”

The tenth potential shortcoming with the definition of HTN is that it usually directly
incorporates BP cut-offs for sBP and diastolic BP (dBP). It is excellent solution from a
practical viewpoint for some time, but not for a long time because:

(A) The definitions of normal BP are geographically unequal—they are not the same in
Europe and USA [6].

(B) BP cut-offs to define normal BP have changed over time, and probably will continue
to do so. If we omit exact BP cut-offs directly in the definition, it will stay the
same over time (e.g., failure to obtain normal/target/controlled BP despite optimal
(as suggested by the guidelines), triple antihypertensive drugs treatment, and non-
medicament antihypertensive treatment) and the essence of the definition would be
easier to interpret over time. The only thing that probably will change are the cut-offs
for normal/target BP, which ought to be stated in the next sentence following the
definition of the BP cut-off.

(C) Cut-offs for resistant HTN depend on the method used for the measurement [73].

The eleventh potential insufficiency is that increased BP despite triple optimal anti-
hypertensive therapy due to secondary HTN is not currently defined as “true resistant
HTN”, but as “apparently therapy resistant HTN” [1]. We believe it is clinically resistant,
no matter if and when we will find the cause (e. g., renal artery stenosis) and confirm it is a
secondary HTN. There is a possibility that BP in an individual patient with resistant HTN
might be one day much improved (by treating the cause of secondary HTN, i.e., by curing
secondary HTN); the possibility that this HTN might stop being resistant in the future does
not mean that it is not resistant now.

4. Discussion

The main finding of this narrative review is a list of shortcomings of the current
approach to resistant HTN. Resistant HTN is a prevalent [2,4,5,74] and high-risk [2,3,18]
subset of HTN, and has a population that exceeds 1/10 of 1.4 million HTN patients



Medicina 2023, 59, 803 7 of 11

worldwide [17]. Therefore, even a small improvement regarding resistant HTN would have
significant clinical consequences. We believe it is better to use the phrase “above the target
BP” for the definition of (treatment) resistant HTN, because the whole story of resistant
HTN is related to non-responders to antihypertensive treatment. Therefore, as we aim to
treat to target and not to normal values, it is appropriate to define resistant HTN as the
insufficiency to reach the target BP values.

Moreover, we suggest a modification of the definition of (treatment) resistant HTN,
which should not be universal for every patient with HTN, but age-related: (treatment)
resistant HTN is elevated BP over the target/normal BP values; ≥140/90 mmHg for
patients below the age of 80 years, and 150/90 mmHg for patients older than 80 years,
according to European guidelines [22]. Using this modification, there will be no need
to automatically change the definition of resistant HTN when we change the BP targets
in the future.

The purpose of the current article is to focus scientific attention on the possible short-
comings of resistant HTN definitions, which is the first step toward potential improvements.
The solutions to the insufficiencies observed are far above the scope of this narrative review.
Therefore, Table 2 below is only meant to be a provisory starting point to begin working
with and is by no means the definitive answer.

Table 2. Suggestions for the improvement of current definition, as a starting point, to be considered
by experts in the field in hypertension societies.

Remarks (Insufficiencies in the Definition of
Resistant HTN) Suggestions for Improvement

1. Different BP cut-offs to diagnose resistant HTN are used. An international consensus could solve this by setting the sBP cut-off ought to either 130
or 140 mmHg.

2. sBP values considered normal-for-the-age for 61 and 81
year old patients fulfill the criterion for resistant HTN
in some guidelines.

This shortcoming may be improved by paying more attention to not mix normal and
abnormal BP ranges; it may be stated in the national guidelines that (in the case of
differences) international guidelines should have priority in clinical consideration.

3. The number of BP measurements is not specified.
A single BP measurement following the introduction of triple antihypertensive treatment
is clearly not enough; dose up-titration needs to be applied. Therefore, at least
3 additional doctor’s office BP measurements are likely needed.

4. The time-frame for the definition is not obtained. This is clearly a point where consensus is needed; but it depends on several factors.
Possibly, for most patients, this time-frame might be a month.

5. Normal, target, and controlled BP values are not provided. It seems that a failure to achieve target rather than normal BP values can be considered
treatment-resistant HTN, because the aim of treatment is to provide target BP.

6. What is the degree to which healthy lifestyle
measures need to be fulfilled to consider it as sufficient
to change the diagnosis from “apparent
treatment-resistant HTN” to “resistant HTN”?

This is important, but difficult to define and it obviously needs scientific work and consensus.

7. Is there a need to introduce a category for recovered
resistant HTN? Although this category is rarely mentioned, the answer seems to be positive.

8. Stress is not included in the exclusion strategy for
resistant HTN.

Stress is not easy to predict and measure in routine clinical practice, but it should be
considered in each patient, prevented/treated within the limits of reality, and evaluated
similarly as other risk factors, e.g., increased salt intake.

9. It probably ought to read “In the absence of
contraindications and compelling indications . . . ”.

The answer is positive, because of the high number of various comorbidities in patients
with resistant HTN; they represent contraindications for some and compelling
indications for the other antihypertensive drugs.

10. The definition usually directly incorporates BP
cut-offs for sBP and dBP (which is not an ideal solution
from a practical viewpoint for a long time).

This can be solved by using the phrase “above the target BP” possibly with the
additional explanation “currently above this cut-off”.

11. Secondary HTN is not currently defined as true
resistant HTN, but as apparently treatment-resistant HTN.

Secondary HTN might be considered true resistant HTN, because it usually cannot be
controlled by adopting a healthy lifestyle and following other recommended measures.

It is important to have complete but clear definitions, operative enough to be used in
everyday clinical practice for the diagnostic purposes. Such definitions by experts in the
international societies should become officially universal (such as definitions for myocardial
infarction and heart failure, which were produced by world societies/task forces) in order
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to be used globally. Proper definitions improve our individual therapeutic approaches, e.g.,
which combination of antihypertensive drugs can be expected to be optimal for a particular
patient with resistant HTN. Moreover, guideline- directed medical treatment is recognized
as very useful worldwide. It is particularly true for very prevalent diseases, such as HTN.

5. Conclusions

Resistant HTN represents one of the highest-risk groups of HTN, which is the main
cause of morbidity and mortality in the world. Several insufficiencies and inconsistencies
are observed in the definitions and approaches to resistant HTN, and solving them can
improve the current approach to this very important problem. The first step is to be
aware of the shortcomings, and the solution does not require extensive trials, but rather
experts’ consensus.

Author Contributions: Conceptualization, G.K. and S.M.; methodology, G.K. and M.Z.; software,
G.K. and M.S.; validation, G.K., S.M., M.S. and M.Z.; formal analysis, G.K.; investigation, G.K. and
S.M.; resources, G.K.; data curation, G.K.; writing—original draft preparation, G.K.; writing—review
and editing, S.M.; visualization, M.S.; supervision, M.Z.; project administration, G.K.; funding
acquisition, G.K. All authors have read and agreed to the published version of the manuscript.

Funding: The authors thank the Ministry of Education, Science and Technological Development of
the Republic of Serbia (Grant No: 451-03-9/2021-14/200113) for financial support.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement:

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Unger, T.; Borghi, C.; Charchar, F.; Khan, N.A.; Poulter, N.R.; Prabhakaran, D.; Ramirez, A.; Schlaich, M.; Stergiou, G.S.;

Tomaszewski, M.; et al. 2020 International Society of Hypertension Global Hypertension Practice Guidelines. Hypertension 2020,
75, 1334–1357. [CrossRef]

2. Brant, L.C.C.; Passaglia, L.G.; Pinto-Filho, M.M.; de Castilho, F.M.; Ribeiro, A.L.P.; Nascimento, B.R. The Burden of Resistant
Hypertension Across the World. Curr. Hypertens. Rep. 2022, 24, 55–66. [CrossRef] [PubMed]

3. Hiremath, S.; Sapir-Pichhadze, R.; Nakhla, M.; Gabor, J.Y.; Khan, N.A.; Kuyper, L.M.; Ruzicka, M.; Tobe, S.W.; Tran, K.; Rabi,
D.M.; et al. Hypertension Canada’s 2020 Evidence Review and Guidelines for the Management of Resistant Hypertension. Can. J.
Cardiol. 2020, 36, 625–634. [CrossRef] [PubMed]

4. Jackson, A.M.; Jhund, P.S.; Anand, I.S.; Düngen, H.-D.; Lam, C.S.P.; Lefkowitz, M.P.; Linssen, G.; Lund, L.H.; Maggioni, A.P.;
Pfeffer, M.A.; et al. Sacubitril–valsartan as a treatment for apparent resistant hypertension in patients with heart failure and
preserved ejection fraction. Eur. Heart J. 2021, 42, 3741–3752. [CrossRef] [PubMed]

5. Chia, R.; Pandey, A.; Vongpatanasin, W. Resistant hypertension-defining the scope of the problem. Prog. Cardiovasc. Dis. 2019, 63,
46–50. [CrossRef]

6. Whelton, P.K.; Carey, R.M.; Aronow, W.S.; Casey, D.E., Jr.; Collins, K.J.; Himmelfarb, C.D.; DePalma, S.M.; Gidding, S.; Jamerson,
K.A.; Jones, D.W.; et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
prevention, detection, evaluation, and management of high blood pressure in adults: Executive Summary: A report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation 2018, 138,
e426–e483. [CrossRef]

7. Vidal-Petiot, E. Editorial: Drug-resistant hypertension and primary aldosteronism. Eur. J. Prev. Cardiol. 2021, 29, e82–e84.
[CrossRef]

8. Sabbahi, A.; Severin, R.; Laddu, D.; Sharman, J.E.; Arena, R.; Ozemek, C. Nonpharmacological Management of Resistant
Hypertension. Curr. Cardiol. Rep. 2021, 23, 166. [CrossRef] [PubMed]

9. Noubiap, J.J.; Nansseu, J.R.; Nyaga, U.F.; Sime, P.S.; Francis, I.; Bigna, J.J. Global prevalence of resistant hypertension: A
meta-analysis of data from 3.2 million patients. Heart 2019, 105, 98–105. [CrossRef] [PubMed]

10. Canoy, D.; Nazarzadeh, M.; Copland, E.; Bidel, Z.; Rao, S.; Li, Y.; Rahimi, K. How Much Lowering of Blood Pressure Is Required
to Prevent Cardiovascular Disease in Patients with and Without Previous Cardiovascular Disease? Curr. Cardiol. Rep. 2022, 24,
851–860. [CrossRef]

https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.1007/s11906-022-01173-w
https://www.ncbi.nlm.nih.gov/pubmed/35118612
https://doi.org/10.1016/j.cjca.2020.02.083
https://www.ncbi.nlm.nih.gov/pubmed/32389336
https://doi.org/10.1093/eurheartj/ehab499
https://www.ncbi.nlm.nih.gov/pubmed/34392331
https://doi.org/10.1016/j.pcad.2019.12.006
https://doi.org/10.1161/CIR.0000000000000597
https://doi.org/10.1093/eurjpc/zwaa124
https://doi.org/10.1007/s11886-021-01601-4
https://www.ncbi.nlm.nih.gov/pubmed/34599399
https://doi.org/10.1136/heartjnl-2018-313599
https://www.ncbi.nlm.nih.gov/pubmed/30087099
https://doi.org/10.1007/s11886-022-01706-4


Medicina 2023, 59, 803 9 of 11

11. Lewington, S.; Clarke, R.; Qizilbash, N.; Peto, R.; Collins, R.; Prospective Studies Collaboration. Age-specific relevance of usual
blood pressure to vascular mortality: A meta-analysis of individual data for one million adults in 61 prospective studies. Lancet
2002, 360, 1903–1913. [CrossRef] [PubMed]

12. Mondal, M.K.; Nessa, A.; Khatun, N. Study of Body Mass Index, Blood Pressure, Serum Sodium in Newly Diagnosed Hypertensive
Patients. Mymensingh Med. J. 2023, 32, 355–360.

13. Rukunuzzaman, M.; Khatun, N.; Nessa, A.; Wahed, F.; Sharmin, A.; Meherubin, I.; Habiba, U.; Afroz, L.; Akhter, T.;
Sharmin, T.; et al. Study on Body Mass Index, Serum Total Cholesterol and Serum Triglycerides in Adult Male Hypertensive
Patients. Mymensingh Med. J. 2023, 32, 44–48. [PubMed]

14. Silva, B.; Pinto, F.J. Optimizing Hypertension Control Globally: WHF Roadmap. Curr. Cardiol. Rep. 2022, 24, 2057–2066. [CrossRef]
[PubMed]

15. Koracevic, G.; Stojanovic, M.; Lovic, D.; Zdravkovic, M.; Sakac, D. Certain beta blockers (e.g., bisoprolol) may be reevaluated
in hypertension guidelines for patients with left ventricular hypertrophy to diminish the ventricular arrhythmic risk. J. Hum.
Hypertens. 2021, 35, 564–576. [CrossRef] [PubMed]

16. Oliver, J.D.; Perry, R.S. Definitely Life but not Definitively. Orig. Life Evol. Biosph. 2006, 36, 515–521. [CrossRef]
17. Cohn, J.; Kostova, D.; Moran, A.E.; Cobb, L.K.; Pathni, A.K.; Bisrat, D. Blood from a stone: Funding hypertension prevention,

treatment, and care in low- and middle-income countries. J. Hum. Hypertens. 2021, 35, 1059–1062. [CrossRef]
18. Carey, R.M.; Calhoun, D.A.; Bakris, G.L.; Brook, R.D.; Daugherty, S.L.; Dennison-Himmelfarb, C.R.; Egan, B.M.; Flack, J.M.;

Gidding, S.S.; Judd, E.; et al. Resistant Hypertension: Detection, Evaluation, and Management: A Scientific Statement from the
American Heart Association. Hypertension 2018, 72, e53–e90. [CrossRef]

19. Lee, C.J.; Ha, J.; Kim, J.Y.; Kim, I.; Ryu, S.K.; Rhee, M.; Lee, J.; Lee, H.; Ihm, S.; Chung, J.W.; et al. Office blood pressure threshold
of 130/80 mmHg better predicts uncontrolled out-of-office blood pressure in apparent treatment-resistant hypertension. J. Clin.
Hypertens. 2020, 23, 595–605. [CrossRef] [PubMed]

20. Wang, T.D.; Chiang, C.E.; Chao, T.H.; Cheng, H.M.; Wu, Y.W.; Wu, Y.J.; Lin, Y.H.; Chen, M.Y.C.; Ueng, K.C.; Chang, W.T.; et al.
2022 Guidelines of the Taiwan Society of Cardiology and the Taiwan Hypertension Society for the Management of Hypertension.
Acta Cardiol. Sin. 2022, 38, 225–325. [CrossRef]

21. Qaseem, A.; Wilt, T.J.; Rich, R.; Humphrey, L.L.; Frost, J.; Forciea, M.A.; Clinical Guidelines Committee of the American College of
Physicians; the Commission on Health of the Public and Science of the American Academy of Family Physicians. Pharmacologic
Treatment of Hypertension in Adults Aged 60 Years or Older to Higher Versus Lower Blood Pressure Targets: A Clinical Practice
Guideline From the American College of Physicians and the American Academy of Family Physicians. Ann. Intern. Med. 2017,
166, 430–437. [CrossRef] [PubMed]

22. Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.;
Dominiczak, A.; et al. 2018 ESC/ESH Guidelines for the management of arterial hypertension. Eur. Heart J. 2018, 39, 3021–3104.
[CrossRef] [PubMed]

23. Hypertension in Adults: Diagnosis and Management. NICE. Available online: https://www.guidelines.co.uk/cardiovascular/
nice-hypertension-guideline/456894 (accessed on 25 April 2022).

24. Schmieder, R.E.; Redon, J.; Grassi, G.; Kjeldsen, S.E.; Mancia, G.; Narkiewicz, K.; Parati, G.; Ruilope, L.; van de Borne, P.;
Tsioufis, C.; et al. Updated ESH position paper on interventional therapy of resistant hypertension. EuroIntervention 2013, 9,
R58–R66. [CrossRef] [PubMed]

25. Judd, E.; Calhoun, D.A. Apparent and true resistant hypertension: Definition, prevalence and outcomes. J. Hum. Hypertens. 2014,
28, 463–468. [CrossRef]

26. Durand, H.; Hayes, P.; Morrissey, E.C.; Newell, J.; Casey, M.; Murphy, A.W.; Molloy, G.J. Medication adherence among
patients with apparent treatment-resistant hypertension: Systematic review and meta-analysis. J. Hypertens. 2017, 35, 2346–2357.
[CrossRef]

27. Fay, K.S.; Cohen, D.L. Resistant Hypertension in People With CKD: A Review. Am. J. Kidney Dis. 2021, 77, 110–121. [CrossRef]
28. Hua, Q.; Fan, L.; Li, J. Joint Committee for Guideline Revision 2019 Chinese guideline for the management of hypertension in the

elderly. J. Geriatr. Cardiol. 2019, 16, 67–99. [CrossRef] [PubMed]
29. Shah, S.N.; Munjal, Y.P.; Kamath, S.A.; Wander, G.S.; Mehta, N.; Mukherjee, S.; Kirpalani, A.; Gupta, P.; Shah, H.; Rohatgi, R.; et al.

Indian guidelines on hypertension-IV (2019). J. Hum. Hypertens. 2020, 34, 745–758. [CrossRef]
30. Rabi, D.M.; McBrien, K.A.; Sapir-Pichhadze, R.; Nakhla, M.; Ahmed, S.B.; Dumanski, S.M.; Butalia, S.; Leung, A.A.; Harris, K.C.;

Cloutier, L.; et al. Hypertension Canada’s 2020 Comprehensive Guidelines for the Prevention, Diagnosis, Risk Assessment, and
Treatment of Hypertension in Adults and Children. Can. J. Cardiol. 2020, 36, 596–624. [CrossRef]

31. Yugar-Toledo, J.C.; Moreno Junior, H.; Gus, M.; Rosito, G.B.A.; Scala, L.C.N.; Muxfeldt, E.S.; Alessi, A.; Brandao, A.A.;
Moreira Filho, O.; Feitosa, A.D.D.M.; et al. Brazilian Position Statement on Resistant Hypertension—2020. Arq. Bras. Car-
diol. 2020, 114, 576–596.

32. Nerenberg, K.A.; Zarnke, K.B.; Leung, A.A.; Dasgupta, K.; Butalia, S.; McBrien, K.; Harris, K.C.; Nakhla, M.; Cloutier, L.;
Gelfer, M.; et al. Hypertension Canada’s 2018 Guidelines for Diagnosis, Risk Assessment, Prevention, and Treatment of Hyper-
tension in Adults and Children. Can. J. Cardiol. 2018, 34, 506–525. [CrossRef]

33. Soh, Y.C.; Yap, K.H.; McGrattan, A.; Yasin, S.; Reidpath, D.; Siervo, M.; Mohan, D. Protocol for a systematic review assessing the
measurement of dietary sodium intake among adults with elevated blood pressure. BMJ Open 2022, 12, e052175. [CrossRef]

https://doi.org/10.1016/s0140-6736(02)11911-8
https://www.ncbi.nlm.nih.gov/pubmed/12493255
https://www.ncbi.nlm.nih.gov/pubmed/36594299
https://doi.org/10.1007/s11886-022-01807-0
https://www.ncbi.nlm.nih.gov/pubmed/36279037
https://doi.org/10.1038/s41371-021-00505-8
https://www.ncbi.nlm.nih.gov/pubmed/33654234
https://doi.org/10.1007/s11084-006-9035-4
https://doi.org/10.1038/s41371-021-00583-8
https://doi.org/10.1161/HYP.0000000000000084
https://doi.org/10.1111/jch.14113
https://www.ncbi.nlm.nih.gov/pubmed/33280228
https://doi.org/10.6515/ACS.202205_38(3).20220321A
https://doi.org/10.7326/M16-1785
https://www.ncbi.nlm.nih.gov/pubmed/28135725
https://doi.org/10.1093/eurheartj/ehy339
https://www.ncbi.nlm.nih.gov/pubmed/30165516
https://www.guidelines.co.uk/cardiovascular/nice-hypertension-guideline/456894
https://www.guidelines.co.uk/cardiovascular/nice-hypertension-guideline/456894
https://doi.org/10.4244/EIJV9SRA11
https://www.ncbi.nlm.nih.gov/pubmed/23732157
https://doi.org/10.1038/jhh.2013.140
https://doi.org/10.1097/HJH.0000000000001502
https://doi.org/10.1053/j.ajkd.2020.04.017
https://doi.org/10.11909/j.issn.1671-5411.2019.02.001
https://www.ncbi.nlm.nih.gov/pubmed/30923539
https://doi.org/10.1038/s41371-020-0349-x
https://doi.org/10.1016/j.cjca.2020.02.086
https://doi.org/10.1016/j.cjca.2018.02.022
https://doi.org/10.1136/bmjopen-2021-052175


Medicina 2023, 59, 803 10 of 11

34. Kurtz, T.W.; Pravenec, M.; DiCarlo, S.E. Will Food and Drug Administration Guidance to Reduce the Salt Content of Processed
Foods Reduce Salt Intake and Save Lives? Hypertension 2022, 79, 809–812. [CrossRef]

35. Cooper, M.; Simpson, J.R.; Klutka, R. Development and validation of a sodium AnaLysis tool (SALT). Nutr. J. 2020, 19, 55.
[CrossRef]

36. Tsioufis, C.; Kasiakogias, A.; Kordalis, A.; Dimitriadis, K.; Thomopoulos, C.; Tsiachris, D.; Vasileiou, P.; Doumas, M.; Makris, T.;
Papademetriou, V.; et al. Dynamic resistant hypertension patterns as predictors of cardiovascular morbidity: A 4-year prospective
study. J. Hypertens. 2014, 32, 415–422. [CrossRef] [PubMed]

37. Mohammadifard, N.; Grau, N.; Khosravi, A.; Esmaillzadeh, A.; Feizi, A.; Abdollahi, Z.; Sarrafzadegan, N. Validation and
reproducibility of a semi-qualitative food frequency questionnaire for assessment of sodium intake in Iranian population. Nutr. J.
2022, 21, 9. [CrossRef] [PubMed]

38. Almeida, V.; Seto, T.; Banna, J. Considerations for Measurement of Sodium Intake. Am. J. Lifestyle Med. 2020, 14, 585–588.
[CrossRef] [PubMed]

39. Perin, M.S.; Gallani, M.C.B.J.; Andrechuk, C.R.S.; João, T.M.S.; Rhéaume, C.; Cornélio, M.E. What methods have been used to
estimate salt intake? A systematic review. Int. J. Food Sci. Nutr. 2019, 71, 22–35. [CrossRef]

40. Usman, S.; Masyitha, A.; Arafat, I.R. Efficacy of the behavior of low-salt diets in people with high blood pressure: A Literature
review. Int. J. Caring Sci. 2019, 12, 542–552.

41. Xie, H.; Li, J.; Zhu, X.; Li, J.; Yin, J.; Ma, T.; Luo, Y.; He, L.; Bai, Y.; Zhang, G.; et al. Association between healthy lifestyle and the
occurrence of cardiometabolic multimorbidity in hypertensive patients: A prospective cohort study of UK Biobank. Cardiovasc.
Diabetol. 2022, 21, 199. [CrossRef]

42. Lopes, S.; Félix, G.; Mesquita-Bastos, J.; Figueiredo, D.; Oliveira, J.; Ribeiro, F. Determinants of exercise adherence and maintenance
among patients with hypertension: A narrative review. Rev. Cardiovasc. Med. 2021, 22, 1271–1278. [CrossRef] [PubMed]

43. Wakjira, H.; Gobena, T.; Shore, H. Lifestyle modification practice and associated factors among diagnosed hypertensive patients
in selected Hospitals in West Arsi Zone, Oromia Regional State, Ethiopia. J. Cardiol. Cardiovasc. Med. 2022, 7, 6–12. [CrossRef]

44. Smachew, M.; Melak, M.F.; Atenafu, A.; Belew, A.K. Lifestyle Modification Practice and Associated Factors Among Diagnosed
Hypertensive Patients in Selected Hospitals in Central Gondar Zone. Nutr. Metab. Insights 2022, 23, 15. [CrossRef] [PubMed]

45. Kebede, T.; Taddese, Z.; Girma, A. Knowledge, attitude and practices of lifestyle modification and associated factors among
hypertensive patients on-treatment follow up at Yekatit 12 General Hospital in the largest city of East Africa: A prospective
cross-sectional study. PLoS ONE 2022, 17, e0262780. [CrossRef] [PubMed]

46. Toft, B.S.; Hörberg, U.; Rasmussen, B. The ups and downs of lifestyle modification: An existential journey among persons with
severe obesity. Scand. J. Caring Sci. 2021, 36, 265–274. [CrossRef]

47. Seixas, A.; Connors, C.; Chung, A.; Donley, T.; Jean-Louis, G. A Pantheoretical Framework to Optimize Adherence to Healthy
Lifestyle Behaviors and Medication Adherence: The Use of Personalized Approaches to Overcome Barriers and Optimize
Facilitators to Achieve Adherence. JMIR mHealth uHealth 2020, 8, e16429. [CrossRef] [PubMed]

48. Viana, S.; Salvador, R.; Morouço, P.; Rebelo-Gonçalves, R. The Contribution of Exercise in Telemedicine Monitoring in Reducing
the Modifiable Factors of Hypertension—A Multidisciplinary Approach. Eur. J. Investig. Health Psychol. Educ. 2022, 12, 27.
[CrossRef] [PubMed]

49. Bhagavathula, A.S.; Shah, S.M.; Aburawi, E.H. Medication Adherence and Treatment-Resistant Hypertension in Newly Treated
Hypertensive Patients in the United Arab Emirates. J. Clin. Med. 2021, 10, 5036. [CrossRef]

50. Lamirault, G.; Artifoni, M.; Daniel, M.; Barber-Chamoux, N. Nantes University Hospital working group on hypertension Resistant
Hypertension: Novel Insights. Curr. Hypertens. Rev. 2020, 16, 61–72. [CrossRef] [PubMed]
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