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ORIGINAL ARTICLE
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ABSTRACT
Purpose: In a pilot study including 35 patients with apparently treatment-resistant hypertension
(ATRH), we documented associations between psychological profile, drug adherence and sever-
ity of hypertension. The current study aims to confirm and expand our findings in a larger and
more representative sample of patients with ATRH, using controlled hypertensive patients as
the comparator.
Materials and Methods: Patients with ATRH were enrolled in hypertension centres from
Brussels and Torino. The psychological profile was assessed using five validated questionnaires.
Drug adherence was assessed by high-performance liquid chromatography-tandem mass spec-
trometry analysis of urine samples, and drug resistance by 24-hour ambulatory blood pressure
was adjusted for drug adherence.
Results: The study sample totalised 144 patients, including 81 ATRH and 63 controlled hyperten-
sive patients. The mean adherence level was significantly lower in the “resistant” group (78.9%
versus 92.7% in controlled patients, p-value ¼ .022). In patients with ATRH, independent predictors
of poor drug adherence were somatisation, smoking and low acceptance level of difficult situa-
tions, accounting for 41% of the variability in drug adherence. Independent predictors of severity
of hypertension were somatisation, smoking, more frequent admissions to the emergency depart-
ment and low acceptation, accounting for 63% of the variability in the severity of hypertension. In
contrast, in patients with controlled hypertension, the single predictors of either drug adherence
or severity of hypertension were the number of years of hypertension and, for the severity of
hypertension, alcohol consumption, accounting for only 15–20% of the variability.
Conclusion: Psychological factors, mostly related to somatisation and expression of emotions
are strong, independent predictors of both drug adherence and severity of hypertension in
ATRH but not in controlled hypertensive patients.

PLAIN LANGUAGE SUMMARY
This study included 144 patients with Apparently-Treatment Resistant (ATRH) or controlled
Hypertension:

� Patients with ATRH were more often poorly adherent to antihypertensive treatment than con-
trolled hypertensive patients.

� In patients with ARTH but not patients with controlled hypertension, psychological traits
were strong, independent predictors of drug adherence and severity of hypertension, over
and above demographic and health-related factors.

� In patients with ATRH, the tendency to somatize, i.e. expressing somatic symptoms that can-
not be adequately explained by organic findings was the most potent predictor of both poor
drug adherence and severity of hypertension.
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� These patients also often presented alterations in the expression of emotions. It may be
hypothesised that subjects who have difficulties identifying and expressing emotions with
words will express them by physical complaints, and, in the mid-long term, might develop
overt diseases.

� In addition to more classical lifestyle and drug management and irrespective of their drug
adherence level, patients with ATRH may benefit in priority from psychological evaluation
and interventions. However, this needs to be studied in an interventional trial in the future.

Introduction

Resistant hypertension has been defined as the failure
to achieve an office blood pressure (BP) <140/
90mmHg and a 24-hour ambulatory BP <130/
80mmHg on optimal doses of at least three antihy-
pertensive medications from different classes (ideally
one of which is a diuretic) [1]. It is characterised by a
higher prevalence of target organ damage [2] and a
higher incidence of cardiovascular events [3] com-
pared with other forms of hypertension.

Many patients with apparent resistant hypertension
are in fact pseudo-resistant due to poor drug adher-
ence [4–6]. However, whatever the approach used,
drug adherence is difficult to assess and varies over
time [4,7]. This is particularly true in patients with
difficult-to-treat, severe hypertension included in
most renal denervation trials [4,8,9]. Such patients
may indeed show variable levels of drug adherence
during follow-up but also at different stages of their
disease, raising the question of whether difficulty to
achieve BP control was initially due to poor drug
adherence or to the characteristics of hypertension
per se (“chicken and egg” paradox). Therefore, the
frontier between truly and pseudo-resistant hyperten-
sion is fluctuating, and patients may shift from one
group to the other and vice versa. Accordingly, many
authors prefer to consider these patients in a single
category, i.e. “apparently treatment-resistant hyper-
tension” (ATRH) [4,10,11].

Beyond classic demographic and health-related
characteristics, psychological traits may influence both
drug adherence to antihypertensive treatment and the
severity of hypertension. This appears to be particu-
larly the case in patients with difficult-to-treat hyper-
tension [9,12]. In a pilot study performed on 35
patients with particularly severe ATRH, predictors of
poor drug adherence were recent hospital admission
for hypertension, a lower ability to put things into
perspective when facing negative events and a higher
tendency to somatize [13]. Independent predictors of
treatment resistance were a higher recourse to the
strategies of blaming others and oneself. Furthermore,
a high proportion of patients manifested symptoms of

post-traumatic stress disorder, such as avoidance and
emotional blunting [12].

The current study aims to further expand our pre-
vious findings in a larger and more representative
sample of patients with ATRH enrolled in Brussels
and Torino Hypertension Excellence Centres, using as
a comparator a sample of patients with controlled
hypertension from the same centres. In all partici-
pants, we collected a wide array of demographic, clin-
ical and psychological variables and assessed drug
adherence by chemical detection of drugs in the
urine. The severity of hypertension was established
based on 24-h ambulatory blood pressure level, after
adjustment for drug adherence level and the number
of antihypertensive drugs. In a second step, we looked
for independent predictors of drug adherence and
severity of hypertension, both in patients with ATRH
and controlled hypertension.

Methods

Study population

The recruitment period extended from October 2017
to June 2021 for the Department of Cardiology of the
Cliniques Universitaires Saint-Luc (Brussels, Belgium)
and from January 2019 to June 2021 for the Torino
Hypertension Expert Centre (Torino, Italy).

All consecutive patients with ATRH confirmed
by ambulatory BP monitoring (24-hour BP �130/
80mmHg on 3 or more antihypertensive drug classes
at optimal/maximal tolerated drug dosages) [1] seen
during this time frame who signed the informed con-
sent were included in the analysis. In parallel, we
enrolled a series of hypertensive patients with 24-h
ambulatory BP <130/80mmHg on antihypertensive
treatment, later referred to as “controlled hypertensive
patients”. For both cohorts, exclusion criteria were
age <18 years, estimated glomerular filtration (eGFR)
<30ml/min/1.73m2 according to the CKD-EPI for-
mula, body mass index �40Kg/m2 and a history of
myocardial infarction, stroke or polyvascular disease.

All patients with ATRH as well as patients with
milder forms of hypertension diagnosed <30 years old
underwent detailed endocrine and vascular work-up
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for secondary hypertension, also including in most
cases an MR- or CT-angiography (many of them
being initially referred for evaluation for renal denerv-
ation) as recommended in the guidelines. Other
patients from the “controlled group” were evaluated
according to history and clinical presentation, for
example, primary aldosteronism was searched for in
case of incidental finding of an adrenal mass or low
plasma potassium, and renal Duplex was performed
in young/middle-aged women to exclude renal fibro-
muscular dysplasia.

Office and 24-hour ambulatory BP values were
measured using validated oscillometric devices (see
below). For all recruited patients, a detailed clinical
history and physical examination were available, and
a urine sample of 10mL was collected. Five validated
questionnaires were administered in order to assess
different facets of their psychological profile, as well
as past traumas and subsequent posttraumatic stress
disorders. The duration of the whole procedure was
� 60min. Urines were collected on the day of the sig-
nature of the written informed consent. This was a
compromise between the ethical need to correctly
inform the patient and the necessity to avoid interfer-
ing in medication-taking behaviour [12]. The study
was approved by the Comit�e d’Ethique Hospitalo-
Facultaire des Cliniques Universitaires Saint-Luc
(Brussels) and the Comitato Etico Interaziendale of
the A.O.U. Citt�a della Salute e della Scienza (Torino),
and was performed according to the principles of the
Declaration of Helsinki and its subsequent
modifications.

Assessment tools

Blood pressure measurement
Office blood pressure. Blood pressure was measured
according to the European guidelines from the
European Society of Hypertension [1] using the vali-
dated oscillometric device Omron HEM 907 (Omron
Health Care, Kyoto, Japan), after a 5-minute silent
rest in a seated position following all good practice
recommendations [14]. Three measurements were
obtained at 1min from each other and the mean
value was used in subsequent analyses.

24-hour ambulatory BP monitoring. Twenty-four-
hour ambulatory BP values were measured using an
automated, non-invasive oscillometric device, the vali-
dated Mobil O Graph, I.E.M (Mobil O Graph,
I.E.MGmbH, Stolberg, Germany), re-cording BP
measurements at 30min intervals throughout 24 h,

with at least 20 valid measurements during day-time
(between 6h00 and 23h00) and 7 at night-time
(between 23h00 and 6h00) [15]. Assessment of the
severity of hypertension was based on mean 24-hour
systolic BP, adjusted for the number of antihyperten-
sive drugs and adherence level.

Biochemical analysis (urine LC-MS/MS). All patients
were provided a 10mL urine sample, stored at a tem-
perature of �20 �C before analysis. Detection of anti-
hypertensive drugs in the urine was performed using a
liquid chromatography system coupled with a tandem
mass spectrometer as a detector (LC-MS/MS). Briefly,
an ethyl acetate extraction (1mL) of 200mL aliquots of
urine was performed after adding internal standards.
After mixing and centrifugation, the organic phase
was evaporated. The dry residue was reconstituted
with 100 mL of 0.1% formic acid/acetonitrile (80:20, v/
v) and analysed by LC-MS/MS [8,16]. All prescribed
antihypertensive drugs and metabolites were detect-
able. Full drug adherence, partial drug adherence and
total non-adherence were defined as the presence of
all, part or none of the prescribed drugs in the urine,
respectively. Drug adherence was defined as the per-
centage of prescribed antihypertensive drugs which
were effectively detected in the urine.

Psychological analysis. In order to get a broad pic-
ture of the psychological profile of hypertensive
patients, five validated questionnaires were used: the
Emotion Regulation Questionnaire (ERQ) [17–19];
the Cognitive Emotion Regulation Questionnaire
(CERQ) [20,21]; The Toronto Alexithymia Scale
(TAS-20) [22]; The Brief Symptom Inventory (BSI)
[23] and the Post Traumatic Diagnostic Scale (PDS)
[24]. Explanations on the questionnaires and their
interpretation are provided in the Online Supplement.
Of note, the CERQ was not available in the Italian
version, therefore this questionnaire was not adminis-
tered to participants from Torino.

Statistical analysis. Statistical analyses were per-
formed using IBM SPSS Statistics version 27.0 (IBM
Corp., Armonk, New York). Categorical variables are
reported as percentages and continuous data as mean-
± standard deviation (SD). Patients with ATRH and
controlled hypertension were compared on clinical
and demographic variables using t-tests and Chi-
Square tests as appropriate. Pearson’s (for normally
distributed variables) and Spearman’s correlations (for
those that were not) were used to investigate the asso-
ciations between adherence level defined as the
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percentage of prescribed antihypertensive drugs
detected in the urine and demographic, health-related
and psychological variables. Correlations were also
run between demographic, health-related and psycho-
logical variables and the residuals of 24-hour ambula-
tory systolic BP, regressed on the adherence level and
the number of antihypertensive drugs per day, consid-
ered as reflecting the severity of hypertension.
Independent t-tests and ANOVA’s were further used
to clarify significant correlations involving continuous
variables. Finally, multivariate linear regression analy-
ses were performed to investigate which factors,
among the significantly correlated (with p< 0.05 as
the level of significance) demographic, health-related
and/or psychological variables were independent pre-
dictors of adherence level and severity of hyperten-
sion. All analysis were adjusted for centre.
Collinearity was checked with a matrix of Pearson’s
correlations with r� 0.8 in at least one correlation as
the criterion for multicollinearity and with the vari-
ance inflation factor (VIF) (exclusion of multicolli-
nearity if all VIF < 10) [25].

Results

Characteristics of ATRH and controlled
hypertensive patients

Between October 2017 and June 2021, a total of 144
consecutive patients were enrolled, 95 in Brussels
(Belgium) and 49 in Torino (Italy). The study sample
included 81 patients with ATRH and 63 patients with
controlled hypertension.

As expected, patients with ATRH had higher office
BP (157/91 ± 27/17 versus 140/79 ± 18/12; p-value
<.001) and ambulatory BP (144/89 ± 16/12 versus;
119/71 ± 6/6; p < .001) on a higher number of pre-
scribed antihypertensive drug classes (4.1 ± 1.2 versus
2.4 ± 1.2, p < .001). Furthermore, “resistant” patients
were more often of African descent (14.8% versus
1.6%, p ¼ .006) and overweight (BMI 29.8 ± 4.6 Kg/
m2 versus 28.1 ± 5.1 Kg/m2, p ¼ .037), and on antihy-
pertensive treatment for a longer period of time
(16 ± 10 years versus 11 ± 11, p ¼ .005) (Table 1).

Drug adherence

Mean drug adherence was significantly lower in
patients with ATRH (78.9% versus 92.7% in con-
trolled patients, p ¼ .022). Furthermore, the distribu-
tion of drug adherence (full adherence, partial
adherence and total non-adherence) was substantially
different in both groups. In particular, all totally non-

adherent patients were found in the resistant group
(Figure 1).

Correlations between drug adherence and
demographic, health-related and
psychological variables

In patients with ATRH, adherence level, defined as
the proportion of prescribed antihypertensive drugs
detected in the urine was associated with general
characteristics such as age, smoking status, the fact to
live with a partner, the yearly number of admissions
to the emergency department for hypertension, and
family history of hypertension. Notably, adherence
level was also significantly associated with a number
of psychological traits: difficulty to describe feelings
(TAS, r ¼ �.247; p ¼ .019), total alexithymia (TAS, r
¼ �.265; p ¼ .048), acceptation (CERQ, r ¼ .321; p
¼ .018), planification (CERQ, r ¼ .362; p ¼ .007),
adaptive strategies (CERQ, r ¼ .374; p ¼ .006), anx-
iety (BSI, r ¼ �.286; p ¼ .017) and somatisation (BSI,
r ¼ �.469; p ¼ .001). By contrast, in controlled
hypertensive patients, the single parameter signifi-
cantly correlated with adherence level was the number
of years with hypertension (r ¼ �.412; p ¼ .019)
(Table 2).

Table 1. Characteristics of apparently treatment-resistant and
controlled hypertensive patients.

ATRH
N¼ 81

Controlled
hypertensives

N¼ 63 p-value

Age (years) 56 ± 12 58 ± 15 .375
Women (%) 39.5 50.8 .177
African origin (%) 14.8 1.6 .006
BMI (Kg/m2) 29.8 ± 4.6 28.1 ± 5.1 .037
Office systolic BP (mmHg) 157 ± 27 140 ± 18 <.001
Office diastolic BP (mmHg) 91 ± 17 79 ± 12 <.001
24-h systolic BP (mmHg) 144 ± 16 119 ± 6 <.001
24-h diastolic BP (mmHg) 89 ± 12 71 ± 6 <.001
N� of antihypertensive drugs 4.1 ± 1.2 2.4 ± 1.2 <.001
RAS-inhibitors (%) 98.7 87.3 .005
Calcium antagonists (%) 96.3 50.7 <.001
Spironolactone (%) 60.5 30.2 <.001
Other diuretics (%) 29.6 22.2 .319
Beta-blockers (%) 65.4 36.5 <.001
Central antihypertensives (%) 29.7 6.3 <.001
Alpha-blockers (%) 6.2 3.2 .409

N� years treated HTN 16 ± 10 11 ± 11 .005
N� ER admissions for HTN/year .030 ± .953 .024 ± .582 .716
Total N� of drugs 5.2 ± 2.9 3.3 ± 2.2 <.001
eGFR (mL/min/1.73m2) 79 ± 19 80 ± 24 .781
Total cholesterol (mg/dL) 192 ± 42 201 ± 38 .186
LDL-cholesterol (mg/dL) 111 ± 38 119 ± 39 .217
Type 2 Diabetes (%) 22.2 11.1 .082
Smokers (%) 14.8 7.9 .204
University degree (%) 36.5 39.5 .714
Living with partner (%) 69.8 70.4 .938

ATRH: apparently treatment-resistant hypertensive patients; BP: blood
pressure; BMI: body mass index; eGFR: estimated glomerular filtration
rate; ER: emergency room; HTN: hypertension; RAS: renin-angioten-
sin system.
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Correlations between severity of hypertension and
demographic, health-related and
psychological variables

In patients with ATRH, the severity of hypertension,
defined as mean 24-hour systolic BP adjusted for

adherence level and the number of antihypertensive
drugs prescribed, was significantly correlated with
age, smoking status, and the fact to live with a part-
ner and the number of admissions at the emergency
department. Concerning psychological parameters, the
severity of hypertension was significantly associated
with acceptation (CERQ, r ¼ �.322, p ¼ .018),
planification (CERQ, r ¼ �.272, p ¼ .031), adaptive
strategies (CERQ, r ¼ �.267, p ¼ .037), anxiety (BSI,
r ¼ .316, p ¼ .010), and somatisation (BSI, r ¼ .463,
p � .001) (Table 3).

In the subgroup of controlled hypertensive
patients, the severity of hypertension was only corre-
lated with alcohol consumption, education level and
the number of years on antihypertensive treatment (r
¼ .363, p ¼ .008; r ¼ �.385, p ¼ .010; and r ¼ .361,
p ¼ .042, respectively) (Table 3).

Predictive analyses

For predictive analyses, all demographic, health-
related and psychological variables that were signifi-
cantly correlated with the variable of interest were
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Figure 1. Distribution of drug adherence categories (%) in apparently treatment-resistant (ATRH, n¼ 81) vs. controlled (n¼ 63)
hypertensive patients.

Table 2. Correlations between socio-demographic, health-
related and psychological variables and adherence level.

ADHERENCE ATRH
Controlled

hypertensives

Parameters N¼ 81 N¼ 63
Age .238 (.031) –
Smoking status �.288 (.011) –
Living with partner �.243 (.026) –
Number of years with HTN – �.412 (.019)
Number of ER admissions/year �.302 (.012) –
HTN in the family .245 (.031) –
TAS 2 – difficulty to describe feelings �.247 (.019) –
Total alexythimia �.265 (.048) –
CERQ – acceptation .321 (.018) –
CERQ – planification .362 (.007) –
CERQ – adaptive strategies .374 (.006) –
BSI – anxiety �.286 (.017) –
BSI – somatisation �.469 (.001) –

ATRH: apparently treatment-resistant hypertensive patients; BSI: Brief
Symptom Inventory Questionnaire; ER: emergency room; CERQ: cognitive
emotion regulation questionnaire; HTN: hypertension; TAS20: Toronto
Alexithymia Scale.
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included in the models as potential predictors of drug
adherence or severity of hypertension.

Regression analysis on the adherence level

In the ATRH group, eleven variables were included in
the model for the prediction of the adherence level:
age, smoking status, living with a partner, number of
admissions to the emergency department for hyper-
tension, family history of hypertension, the difficulty
to describe feelings factors and the total alexithymia
scores (TAS-20), the acceptation and planification
subscales (CERQ) and the somatisation and anxiety
factors (BSI) (Table 4).

Three predictors of poor adherence level remained
in the final model, from the best predictor to the last
one: somatisation, active smoking and low acceptance
of difficult situations. This model accounted for
40.6% (adjusted R2) of the variability in adherence
level. By contrast, in the controlled group, the single
variable included in the model as a potential predictor
of adherence level was the number of years on antihy-
pertensive treatment (a long time since diagnosis of
HTN being correlated with poorer drug adherence),
accounting for only 15.3% of the variability (adjusted
R2) (Table 4).

Regression analyses on severity of hypertension

In the ATRH group, nine variables were included in
the model for the prediction of the severity of hyper-
tension: age, smoking status, living with a partner,
number of admissions at the emergency department,
the acceptation and planification subscales of the
CERQ, and the somatisation and anxiety factors of
the BSI. Four predictors remained in the final model,
from the best predictor to the last one: somatisation,
smoking status, number of hospital admissions for
hypertension and finally, low acceptation of difficult
situations. This model accounted for about 63.2%
(adjusted R2) of the variability of the severity of
hypertension.

In the controlled hypertensive group, three varia-
bles were included in the model as potential predic-
tors of severity of hypertension: alcohol consumption,
a lower education level and the number of years on

Table 3. Correlation between socio-demographic, health-
related and psychological variables and severity of hyperten-
sion based on 24-h Ambulatory Systolic BP.

Adjusted� 24-h Systolic BP ATRH
Controlled

hypertensives

Parameters N¼ 81 N¼ 63
Age �.312 (.008) –
Smoking status .279 (.019) –
Alcohol – .363 (.008)
Education level – �.385 (.010)
Living with partner .269 (.017) –
Number of years with HTN – .361 (.042)
Number of ER admissions/year .458 (<.001) –
CERQ – acceptation �.322 (.018) –
CERQ – planification �.272 (.031) –
CERQ – adaptive strategies �.267 (.037) –
BSI – anxiety .316 (.010) –
BSI – somatisation .463 (<.001) –
�Adjusted for adherence level and the number of antihypertensive drugs
prescribed per day.
ATRH: apparently treatment-resistant hypertensive patients; BP: blood
pressure; BSI: brief symptoms inventory; HTN: hypertension; ER: emer-
gency room; CERQ: cognitive emotion regulation questionnaire.

Table 4. Multivariable regression with stepwise backward selection for prediction of adherence level
and severity of hypertension in patients with apparently treatment-resistant and controlled
hypertension.
Apparently treatment-resistant hypertension B E.S.B. b

Adherence
1st predictor – Somatisation (BSI) �.194 .038 �.478 (<.001)
2nd predictor – Smoker �.201 .059 �.342 (.001)
3rd predictor – Acceptation (CERQ) .042 .012 .302 (.005)
! Explained 40.6 % of variability

Adjusted� 24-h Systolic BP
1st predictor – Somatisation (BSI) 4.345 1.011 .399 (<.001)
2nd predictor – Smoker 6.358 1.941 .290 (.011)
3rd predictor – Number of ER admissions/y 2.661 1.058 .241 (.018)
4th predictor – Acceptation (CERQ) �.756 .281 �.234 (.012)
! Explained 63.2 % of variability

Controlled hypertension B E.S.B. b

Adherence
1st predictor – Number of years with HTN �.007 .003 �.428 (.013)
! Explained 15.3 % of variability

Adjusted� 24-h Systolic BP
1st predictor – Number of years with HTN .213 .090 .403 (.020)
2nd predictor – Alcohol consumption 3.745 1.902 .319 (.043)
! Explained 17.1 % of variability

�Adjusted for adherence level and number of antihypertensive drugs prescribed per day.
BP: blood pressure; BSI: brief symptoms inventory; CERQ: cognitive emotion regulation questionnaire; ER: emergency room;
HTN: hypertension.
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an antihypertensive regimen. Only two predictors
remained in the final model, the number of years
with treated hypertension followed by alcohol con-
sumption, accounting for 17.1% (adjusted R2) of the
variability in the severity of hypertension (Table 4).

Exploratory analysis in patients with ATRH
according to adherence status

In order to further refine our analysis we divided our
sample into fully adherent patients (n¼ 50), subse-
quently labelled “truly resistant” hypertensive patients
and poorly/non-adherent patients (n¼ 31). Compared
with truly resistant hypertensive patients, poor adher-
ers tended to be younger, had both higher office and
ambulatory blood pressure despite prescription of a
higher number of antihypertensive drugs, were five-
fold more often admitted for hypertension at the
emergency room and three-fold more often smokers
(Supplementary Table S1). Low adherence was associ-
ated with a lower capacity for positive refocusing and
adaptive strategies when facing difficult life events,
higher anxiety and somatisation. (Supplementary
Table S2). While in patients with truly resistant
hypertension the severity of hypertension was associ-
ated both with limb arteriopathy (likely a proxy for
arterial damage/stiffened arteries) and psychological
factors such as a lower capacity to put into perspec-
tive and professional and social impairments, in poor
adherers the single predictors of hypertension severity
were of psychological nature, namely a low capacity
to develop adaptive strategies, a higher tendency to
anxiety and somatisation, as well as a higher number
of previous traumas (Supplementary Table S3).

Discussion

The main findings of this study can be summarised
as follows: (i) patients with ATRH are more often
poorly adherent to antihypertensive treatment than
controlled hypertensive patients; (ii) in such patients,
psychological traits are strong, independent predictors
of drug adherence and severity of hypertension, over
and above demographic and health-related factors;
(iii) by contrast, in controlled hypertensive patients,
psychological characteristics do not predict either
drug adherence or severity of hypertension; (iv) in
patients with ATRH, somatisation appears to be the
most potent predictor of both poor drug adherence
and severity of hypertension; (v) subgroup analysis
shows that distinct psychological factors are associated

with severity of hypertension both in truly resistant
and poorly/non-adherent patients with ATRH.

First, as expected, our findings confirm a high
prevalence of non- or poor drug adherence in patients
with ATRH. Indeed, the mean adherence level was
significantly lower in this group than in controlled
patients (78.9% versus 92.7%, p ¼ .022). Furthermore,
patients who did not take any prescribed medication
were all found in the resistant hypertensive subgroup.
This is in line with previous studies documenting a
high proportion of non-adherence ranging from 9 to
35% in ATRH patients [4,26,27].

Second, we confirm and further expand previous
findings from our and other groups showing the rela-
tion between hypertension and the expression of
emotions. A large body of evidence supports the asso-
ciation between hypertension and alexithymia, a phe-
nomenon characterised by difficulties to identify
feelings, finding appropriate words to describe them
and distinguishing feelings from bodily sensations,
and by an externally-oriented style of thinking [28].
Furthermore, in our pilot study including patients
with severe ATRH [12], we have identified correla-
tions between drug adherence and severity of hyper-
tension on one side, expression of emotions and
difficulties to put life events into perspective on the
other side. Along the same lines, in another study of
our group [9], cognitive reappraisal appeared as a
single independent predictor of eventual blood pres-
sure control in patients with initially resistant
hypertension.

Similarly, in the current study, alexithymia, factors
related to the expression of emotions and maladaptive
emotional strategies were found to be associated with
poor drug adherence, the severity of hypertension or
both in patients with resistant hypertension. However,
the most potent, independent psychological factor
associated with poor drug adherence and the level of
drug resistance was somatisation, already identified as
an independent predictor of drug adherence in our
previous study [12].

Somatisation, defined as expressing somatic symp-
toms that cannot be adequately explained by organic
findings [13], has been associated with alexithymia
and disturbed expression of emotions, both in popu-
lation studies [29,30] and different pathological situa-
tions [31,32]. It may be hypothesised that subjects
who have difficulties identifying and expressing emo-
tions with words will express them by physical com-
plaints, and, in the mid-long term, might even
develop overt diseases. In the case of hypertension,
this may result from the activation of the autonomic
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nervous system or hormonal cascades such as the
renin-angiotensin system [12].

Interestingly, in this study, psychological factors
associated with poor drug adherence and the degree
of drug resistance were very similar. While this may
to some extent reflect methodological difficulties in
fully separating both aspects, it supports the idea of a
continuum between difficult-to-treat, poorly adherent
patients with severe hypertension and “truly resistant”
hypertensive patients. We have discussed this
dynamic process elsewhere [9], where an initially
adherent patient may for example neglect her/his
antihypertensive treatment due to treatment failure,
then become truly resistant following the development
of arterial hypertrophy and target organ damage.

This study has to be interpreted within the context
of its limitations. First, despite being increasingly con-
sidered the gold standard, LC-MS/MS is mostly a
qualitative method, and pharmacokinetic individual
characteristics, renal and liver function, as well as
drug half-lives, may influence the results [4,7].
Secondly, chemical detection of drugs was performed
only at a one-time point, in the context of a consult-
ation, and the possibility of a “toothbrush effect” [33]
cannot be discarded. Third, 24-hour ambulatory BP
monitoring was performed in the context of daily
clinical practice, typically within one week of the con-
sultation where informed consent was obtained and
urine sample for drug monitoring was collected.
Therefore, we cannot exclude subtle differences in the
level of ambulatory blood pressure between the day of
ambulatory BP monitoring and the day of urine sam-
pling. However, this is unlikely to have affected the
classification between controlled patients and patients
with ATRH, because the latter were usually known as
such for months, if not for years. Finally, this cross-
sectional study is unable to capture the dynamic char-
acter, not only of drug adherence but also of human
psychology and physiology. Our study can only pro-
vide information on associations between psycho-
logical factors, drug adherence and drug resistance at
a given time point, and causal inferences should be
considered as speculative.

Still, our results provide further support to the
implication of psychological factors in the pathogen-
esis and maintenance of severe forms of hypertension,
likely both via activation of physiological pathways
and influence on drug-taking behaviour and lifestyle
(for example smoking) [12]. Our findings suggest that
psychological factors are mostly involved in difficult-
to-treat/resistant forms of hypertension, at least in
Western countries such as Belgium and Italy. The

current results complement another study from our
group [34] showing the importance of altered expres-
sion of emotions and post-traumatic stress disorder in
milder forms of hypertension in an African popula-
tion chronically exposed to violence. Hypertensive
patients belonging to these different categories – i.e.
with ATRH and/or coming from regions chronically
exposed to violence such as migrants and refugees –
could benefit in priority from psychological evaluation
and interventions [4]. Future studies should aim at
following prospectively patients with ATRH, with
repeated evaluation of drug adherence, and testing the
efficacy of various psychological approaches to
improve blood pressure control, as well as physical
and psychological well-being.
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