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ABSTRACT　
 
BACKGROUND　 Secondary forms and hypertension-mediated organ damage (HMOD) may differ between younger and older
hypertensive patients. The aim of the present study was to explore the specificity of HMOD and secondary forms in patients ≥ 65
years in comparison to younger ones in a contemporary cohort.
 
METHODS　 We analysed 938 patients recruited between 2004 and 2014 (Cardiology department, Croix-Rousse Hospital, Lyon)
who had at baseline HMOD and secondary forms screening among them 190 were ≥ 65 years.
 
RESULTS　 The mean (2.1 ± 0.8 vs. 1.2 ± 0.9, P < 0.001) and frequency of HMOD (96.3% vs. 72.9%, P < 0.001) was higher in pa-
tients ≥ 65 years than younger ones. Carotid femoral pulse wave velocity > 10 m/s was the most frequent HMOD in patients ≥ 65
years  (90.1%),  while  echocardiographic  left  ventricular  hypertrophy  was  the  most  common  in  the  younger  patients  (45.0%).
Among ECG left ventricular indexes, only R wave in aVL lead was significantly more frequently observed in patients ≥ 65 years
(32.6%) than in younger ones (19.0%, P < 0.001). The frequency of secondary hypertension was not significantly different between
younger and older patients (respectively; 30.5% vs. 27.8%, P = 0.487). The most frequent aetiology was primary aldosteronism re-
gardless of age, followed by renovascular hypertension (6.3% vs. 3.3%, P = 0.038). Among older patients, 3.2% were treated with
adrenalectomy and 6.3% with percutaneous transluminal renal angioplasty.
 
CONCLUSION　 Extensive screening of HMOD in older patients may be questionable as nearly all patients had one; aetiology
must however be explored as a third of older patients had a secondary form.

  

H ypertension is one of the most common
diseases; it affects more than one bil-
lion patients around the world, and al-

most 150 million in Europe.[1] The frequency of the
disease increased proportionally with the progress-
ive aging of the population; it affects > 60% of those
aged ≥ 60-years,[2] and > 90% of individuals with nor-
mal blood pressure (BP) at 55 years of age will de-
velop hypertension.[3] The work-up of hypertension
includes the detection of secondary forms and the
evaluation of cardiovascular risk based on other

risk factors as well as hypertension-mediated organ
damage (HMOD) screening, both of which increase
drastically the frequency of cardiovascular events
and mortality.[1] The pathophysiology of hyperten-
sion in older patients may be explained by arterial
stiffness, unpaired neurohormonal regulation (de-
crease of plasma aldosterone and renin levels, in-
crease of net basal sympathetic nervous system)
and an increase salt sensitivity related to aging kid-
neys.[4] Based on these observations, the screening
of secondary hypertension in older patients may be
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questionable. Furthermore, certain secondary hy-
pertension screening tests, particularly primary al-
dosteronism, may require a change in antihyper-
tensive treatment to not interfere with renin-angio-
tensin-aldosterone system,[5] and this may transi-
ently induce a rise in BP that could be harmful in
patients receiving secondary prevention (heart fail-
ure, stroke…), a situation frequently associated in
older hypertensive patients.[6] Concerning HMOD,
it has been previously demonstrated that their num-
ber may increase cardiovascular mortality,[7] but are
not extensively screened in clinical practice for reas-
ons of local availability (materials or personnel) or
time constraints.[8] There is no recommendation to
propose a specific screening in older hypertensive
patients, however we may postulate that certain
HMOD should be more frequently observed than
others, particularly arterial stiffness, based on the
pathophysiology previously described. A more ap-
propriate screening may be particularly interesting
for decreasing the cost of evaluation in this sub-
group of patients that represents the majority of hy-
pertensive patients.

The aim of the present study was to explore the
frequency of secondary forms and HMOD includ-
ing their management in patients aged ≥ 65 years in
comparison to younger ones in a contemporary co-
hort referred in tertiary centre.

 METHODS
The cohort of hypertensive patients started in

1995 (cardiology department, Hôpital de la Croix-
Rousse). A total 1618 patients were included up to
the end of 2014 in our tertiary centre for a work-up
of hypertension. In the present study, the 938 pa-
tients recruited between 2004 and 2014 with full med-
ical records to have complete data regarding aeti-
ology and HMOD were included and analysed sev-
eral weeks after the work-up of hypertension. Pa-
tients were divided in two groups according to age:
< 65 years (n = 748) and ≥ 65 years (n = 190) or ac-
cording to tertiles (≤ 42 years (n = 313), 43-57 years
(n = 312) and ≥ 58 years (n = 313)). These hypertens-
ive patients visited our department for a complete
work-up of their hypertension during a 2-day hos-
pital stay. The majority of patients were not follow-
up in our department after achievement of BP control.

 Patient Management

Patient management has been described previ-
ously.[9] In most patients (n = 774, 82.5%) drugs
likely to interfere with hormone regulation were
withdrawn before admission (six weeks for spiro-
nolactone; two weeks for diuretics, beta-blockers, or
renin-angiotensin system inhibitors) and replaced
by alpha-blockers, centrally acting drugs, or calci-
um antagonists according to the current guidelines.[1]

Over two days of hospital stay, all the participants
filled out a questionnaire (morphometric character-
istics, cardiovascular risk factors, symptoms, etc…),
underwent a physical examination, a 24-h BP meas-
urement (every 15 min from 6 a.m. to 10 p.m. and ev-
ery 30 min from 10 p.m. to 6 a.m. performed using
the Spacelabs® 90207 monitor (Spacelabs Health-
care, Issaquah, WA, US), laboratory and imaging
tests.

After one night in the supine position (at around
8 a.m.), plasma renin concentration (commercial im-
munoradiometric kit, Renin III generation; Cisbio,
Codolet, France), plasma aldosterone concentration
(commercial immunoradiometric kit, Immunotech;
Beckman Coulter, Villepinte, France) 24-h urinary
free cortisol was measured during the hospital stay
(commercial immunoradiometric kit; Beckman Co-
ulter). Patients were carefully instructed to urinate
into the container during the 24-h collection period.

Lipids (total cholesterol, low-density lipoprotein
(LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol, triglycerides), fasting glucose, haemo-
globin A1c (HbA1c), and uric acid were assessed in
the plasma around 8:00 am after one night of fasting.

Obstructive sleep apnoea (OSA) was screened
during one night using the ApneaLinkTM (Resmed,
San Diego, USA) ambulatory sleep monitor. Pa-
tients with apnoea-hypopnoea indices ≥10 were re-
ferred to a pulmonologist to perform a polysomno-
graphy if appropriate.[10]

 HMOD Assessment

Heart and vessels assessment, left ventricular hy-
pertrophy (LVH) with electrocardiogram (ECG) or
left ventricular mass index (LVMI), pulse pressure
and pulse wave velocity (PWV), are detailed in sup-
plementary data.[11,12] Data for LVMI were available
only in 771 patients for technical reasons (n = 167
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have unassessable LVMI). ECG and pulse pressure
were available in all participants (n = 938). PWV was
performed in 796 patients.

To detect HMOD at the kidney level, microalbu-
minuria was measured on 24-h urine collection. The
estimated glomerular filtration rate (eGFR) was as-
sessed using the Modification of Diet in Renal Dis-
ease (MDRD) formula. Kidney damage was defined
by either MDRD < 60 mL/min per 1.73 m2 or mi-
croalbuminuria > 30 mg/day,[1] and were available
in all participants (n = 938).

A total of 796 patients (n = 645, aged < 65 years; n =
151, aged ≥ 65 years) had an assessment including
the 3 HMOD (heart, vessels, and kidney).

 Definition of Secondary Hypertension

Primary aldosteronism was defined as follows:
plasma aldosterone-to-renin ratio > 130 pmol/L per
pg/mL (46.9 ng/L), plasma aldosterone > 416
pmol/L (150 ng/L), or plasma aldosterone after sa-
line infusion >100 pmol/L (36 ng/L) when avail-
able.[13] After this diagnosis, an abdomen computed-
tomography (CT)-scan was performed. Adrenal
venous sampling was proposed to patients who
were considering adrenalectomy in case of unilate-
ral secretion.

Hypercortisolism was defined as a 24 h-UFC above
the normal range (> 250 nmol/24 h, upper value of
the normal range for the assay) confirmed by a ser-
um cortisol > 50 nmol/L after midnight administra-
tion of 1 mg dexamethasone.[14] Such patients were
referred to an endocrinologist to complete the dia-
gnosis.

Phaeochromocytoma was screened with plasma
or 24-h urinary fractionated metanephrines followed
if necessary by CT-scan and nuclear imaging as ap-
propriate;[1] definite diagnosis was based on patho-
logy.

Renovascular hypertension was defined as fol-
lows: (1) unilateral or bilateral main, branch or ac-
cessory atherosclerotic renal artery stenosis or fibro-
muscular dysplasia with a decrease in renal artery
diameter of > 60% detected by non-invasive imaging
(Doppler ultrasound or CT-scan and confirmed by
invasive renal artery angiography, and (2) treated
by percutaneous renal artery angioplasty with or
without stenting.[15] Percutaneous renal artery an-
gioplasty was performed after a complete analyses

of Doppler ultrasound (resistive index, kidney size),
CT-scan and if necessary translesional pressure
gradients measurement during renal angiography.

Renal parenchymal disease was considered after
analyses of albuminuria, haematuria, eGFR, and
renal ultrasound. These patients were referred to a
nephrologist.

 Statistical Analyses

Continuous variables approximating normal dis-
tributions were summarised by mean ± SD. Con-
tinuous variables with skewed distributions were
summarised by median and interquartile range
[IQR]. Categorical variables were expressed as per-
centages. Analysis of variance (ANOVA) or non-
parametric tests were used as appropriate to com-
pare continuous variables between subgroups. χ²
testing was used for between-group comparisons of
dichotomous variables. Multivariate logistic regres-
sion analyses were used to demonstrate the associ-
ation between secondary forms, HMOD and age in-
dependently of confounding variables (diabetes,
smoking, blood pressure, eGFR, BMI and HbA1c).
The analyses were performed using SPSS v20.0.0
(SPSS, Chicago, IL, USA). A P-value < 0.05 was con-
sidered as statistically significant.

 RESULTS

 Baseline Characteristics

Half of patients were women (48.8%) and the
mean age was 50.5 ± 15.2 years. BP was not con-
trolled under antihypertensive treatment for the
majority of patients. Older patients had signific-
antly higher median BMI, higher median systolic
BP, and lower median diastolic BP while they were
treated with a greater number of antihypertensive
treatments. They also were less frequently smokers
but have more frequently secondary prevention
(heart failure and coronary artery disease) and dia-
betes; laboratory assessments found lower mean
eGFR and median plasma aldosterone, and a high-
er mean HbA1c (Table 1). Similar results were ob-
tained according to tertiles of age (Table S1, supple-
mentary data).

Older patients had more frequently anti-hyper-
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tensive treatment (85.8%) than younger ones (69.8%,
P < 0.001). One third of them were also often main-
tained on not neutral antihypertensive treatment.
They were more frequently treated with alpha-bl-
ockers, centrally acting drugs, loop diuretics, an-
giotensin-converting enzyme inhibitors, angiotensin-
receptor blockers, beta blockers and thiazide diuret-
ics in comparison to younger patients (P < 0.05 for
all classes; Table 2 and Table S2, supplementary
data).

 HMOD

Older patients had more frequently a kidney

HMOD, both albuminuria and eGFR, in comparis-
on to younger ones. Heart screening found higher
median NT-proBNP and higher proportion of ana-
tomical and electrical LVH in older patients (a sig-
nificant difference when R wave in aVL lead [RaVL]
was used and a trend towards this for Sokolow-Ly-
on and Cornell). For vessels, older patients had also
frequently increased pulse pressure and PWV. In
older patients the mean number of HMOD was 2.1 ±
0.8 and 96.3% of them had ≥ 1 HMOD (Table 3 and
Table S3, supplementary data). The distribution of
HMOD differed according to age; in younger pa-
tients the association of vessels and heart HMOD
was the most frequent situation (20.5%), followed

 

Table 1    Baseline patient characteristics.

Total cohort(n = 938) Age < 65 years(n = 748) Age ≥ 65 years(n = 190) P value
Demographic characteristics

　Mean age, years 50.5 ± 15.2 45.6 ± 18.6 71.4 ± 4.9 -

　Female sex, % 48.8% 47.9% 52.6% 0.240

　BMI, kg/m2 26.3 [23.5-29.6] 26.2 [23.4-29.4] 27.0 [24.6-29.8] 0.046

　Day time SBP, mmHg 150 [138-163] 148 [137-162] 156 [145-171] < 0.001

　Day time DBP, mmHg 91 [82-100] 93 [85-101] 82 [75-90] < 0.001

　Night time SBP, mmHg 138 [125-152] 136 [124-150] 145 [133-159] < 0.001

　Night time DBP, mmHg 82 [73-91] 84 [93-75] 77 [68-83] < 0.001

　24-h SBP, mmHg 146 [134-159] 145 [133-158] 153 [142-166] < 0.001

　24-h DBP, mmHg 89 [80-96] 90 [98-82] 80 [72-87] < 0.001

Medical history

　Current Smoking 185 (19.7%) 174 (23.3%) 11 (5.8%) < 0.001

　Diabetes 126 (13.4%) 63 (8.4%) 63 (33.2%) < 0.001

　Stroke 40 (4.3%) 29 (3.9%) 11 (5.8%) 0.244

　Coronary artery disease 50 (5.3%) 21 (2.8%) 29 (15.3%) < 0.001

　History of heart failure 44 (4.7%) 25 (3.3%) 19 (10.0%) < 0.001

　Obstructive sleep apnoea 23 (2.5%) 17 (2.3%) 6 (3.2%) 0.481

Laboratory assessments

　eGFR, mL/min 89.2 ± 22.6 92.3 ± 22.6 76.8 ± 21.8 < 0.001

　Plasma aldosterone, pmol/L 245 [132-411] 258 [138-423] 194 [108-345] < 0.001

　Plasma renin, pg/mL 4.9 [2.6-8.8] 5.0 [2.7-8.9] 4.5 [2.4-8.1] 0.333

　Total cholesterol, mmol/L 5.1 ± 1.1 5.1 ± 1.0 5.0 ± 1.1 0.595

　LDL cholesterol, mmol/L 3.1 ± 0.9 3.1 ± 0.9 3.0 ± 0.9 0.348

　HDL cholesterol, mmol/L 1.4 ± 0.4 1.4 ± 0.4 1.4 ± 0.4 0.923

　Triglycerides, mmol/L 1.3 ± 0.9 1.3 ± 0.9 1.4 ± 0.7 0.830

　HbA1c, % 5.7 ± 0.9 5.6 ± 0.8 6.1 ± 0.9 < 0.001

　Antihypertensive treatment, number 1 [0-2] 1 [0-2] 2 [1-3] < 0.001

Unless otherwise stated, the data are presented as n (%), mean ± SD or median [interquartile range]. BMI: body mass index; DBP:
diastolic blood pressure; eGFR: estimated glomerular filtration rate; SBP: systolic blood pressure.
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Table 2    Antihypertensive treatment at baseline.

Total Cohort(n = 938) Age < 65 years(n = 748) Age ≥ 65 years(n = 190) P-values

Antihypertensive treatment 685 (73.0%) 522 (69.8%) 163 (85.8%) < 0.001

Neutral antihypertensive treatment 774 (82.5%) 647 (86.5%) 127 (66.8%) < 0.001

Calcium channel blockers 502 (53.6%) 397 (53.1%) 105 (55.3%) 0.589

Alpha blockers 289 (30.8%) 213 (28.5%) 76 (40.0%) 0.002

Centrally acting drugs 165 (17.6%) 112 (15.0%) 53 (27.9%) < 0.001

Loop diuretics 31 (3.3%) 17 (2.3%) 14 (7.4%) < 0.001

ACE inhibitors 39 (4.2%) 25 (3.3%) 14 (7.4%) 0.013

ARB 61 (6.5%) 34 (4.5%) 27 (14.2%) < 0.001

Beta blockers 76 (8.1%) 48 (6.4%) 28 (14.7%) < 0.001

Thiazide diuretics 58 (6.2%) 37 (4.9%) 21 (11.1%) 0.002

Spironolactone 19 (2.0%) 13 (1.7%) 6 (3.2%) 0.215

Amiloride 6 (0.6%) 3 (0.4%) 3 (1.6%) 0.069

Data are presented as n (%). ACE: angiotensin-converting enzyme; ARB: angiotensin-receptor blockers.

 

Table 3    Description of hypertension-mediated organ damage.

Total cohort(n = 938) Age <  65 years
(n = 748)

Age ≥ 65 years
(n = 190) P-value

Kidney

　eGFR <  60 mL/min 74 (7.9%) 37 (4.9%) 37 (19.5%) < 0.001

　Albuminuria > 30 mg/24 h 287 (30.6%) 212 (28.3%) 75 (39.5%) 0.003

　≥ 1 kidney HMOD 323 (34.4%) 227 (30.3%) 96 (50.5%) < 0.001

Heart

　NT-proBNP, pg/mL 72.6 [33.5-156] 58.1 [29.1-121.8] 152.5 [80.3-390.5] < 0.001

　TTE LVMI2.7, g/m2.7 52.4 [40.0-63.0] 51.0 [38.3-61.3] 60.8 [49.8-75.4] < 0.001

　TTE LVH 378 (49.0%) 287 (45.0%) 91 (68.4%) < 0.001

　RaVL > 1.0 mV 203 (21.8%) 141 (19.0%) 62 (32.6%) < 0.001

　Sokolow-Lyon > 3.5 mV 153 (16.3%) 130 (17.4%) 23 (12.1%) 0.079

　Cornell 117 (12.5%) 87 (11.6%) 30 (15.8%) 0.121

　ECG LVH 343 (36.6%) 260 (34.8%) 83 (43.7%) 0.023

　≥ 1 heart HMOD 527 (56.2%) 397 (53.1%) 130 (68.4%) < 0.001

Vessels

　Pulse pressure, mmHg 60 [50-67] 56 [49-63] 70 [63-84] < 0.001

　Pulse pressure > 60 mmHg 448 (47.8%) 290 (38.8%) 158 (83.2%) < 0.001

　PWV, m/s 10.0 [8.7-11.9] 9.5 [8.4-11.2] 12.6 [10.9-14.8] < 0.001

　PWV > 10 m/s 402 (50.5%) 266 (41.2%) 136 (90.1%) < 0.001

　≥ 1 vessel HMOD 597 (46.6%) 417 (55.7%) 180 (94.7%) < 0.001

　Number of HMOD 1.3 ± 0.9 1.2 ± 0.9 2.1 ± 0.8 < 0.001

　≥ 1 HMOD 728 (77.6%) 545 (72.9%) 183 (96.3%) < 0.001

Data are presented as n (%) or median [interquartile range]. eGFR: estimated glomerular filtration rate; HMOD: hypertension-mediated
organ damage; LVH: left ventricular hypertrophy; LVMI2.7: left ventricular mass indexed to height to the allometric power of 2.7; PWV:
pulse wave velocity; RaVL: R wave in aVL lead; TTE: transthoracic echocardiography.
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by isolated vessel HMOD (16.0%; Figure 1A); in
older patients the association of 3 HMOD was the
most frequent situation (37.9%), followed by the as-
sociation of vessels and heart HMOD (28.4%;
Figure 1B). In younger patients, the overlap bet-
ween anatomical and electrical LVH was 57.7%
(Figure 2A); in older patients this was 33.8%
(Figure 2B). In both age groups, all patients with
unknown anatomical LVH had electrical LVH
(Figure 2). Kidney and vessels HMOD were inde-
pendently associated with age after adjustment to
major confounders (Table S4 and S5, supplement-
ary data).

 Secondary Forms of Hypertension

Essential hypertension was diagnosed in 70.0% of
patients; there was no significant difference bet-
ween age groups. In the total cohort, the most fre-
quent secondary form was primary aldosteronism
(20.6%), followed by renal disease (4.2%) and reno-
vascular hypertension (3.2%). Reno-vascular hyper-
tension and renal disease were more often ob-
served in older patients; conversely primary aldos-
teronism was more frequent in younger patients.
Patients with reno-vascular hypertension were all
treated with percutaneous transluminal renal an-
gioplasty: 8 with balloon (fibromuscular dysplasia)

 

Figure 1    Association between different hypertension-mediated organ damages in patients < 65 years (A) and ≥ 65 years (B)
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and 22 with stents (atherosclerotic renal artery sten-
osis). Adrenalectomy for primary aldosteronism
was performed in 5/28 (17.8%) of patients ≥ 65
years and 44/165 (26.7%) of patients < 65 years. In
the total cohort 5.3% of patients were diagnosed
with obstructive sleep apnoea during their work-up
of hypertension, and there was no significant differ-
ence between age groups; 38/50 (76%) were treated
with automatic airway pressure, and there was no
significant difference between age groups (Table 4
and Table S6 supplementary data). Secondary
forms of hypertension were independently associ-
ated with age after adjustment to major con-
founders (Table S7, supplementary data).

 DISCUSSION

In the present cohort, the prevalence of HMOD
was 72.9% and 96.3% in patients aged < 65 years
and ≥ 65 years, respectively. The most frequently
detected HMOD in older patients were PWV and
pulse pressure (that affected nearly all patients), fol-
lowed by transthoracic echocardiography LVH. By
contrast in those aged < 65 years, echocardio-
graphy LVH followed by PWV were the most fre-
quent HMOD observed, but in less than half of pa-
tients. Of note, the high frequency of increased aor-
tic stiffness in older hypertensive patients was ex-
pected since the mean PWV value was > 10 m/s in

 

Figure  2      Overlap  between  electrical  and  anatomical  left  ventricular  hypertrophy  in  patients  <  65  years  (A)  and  ≥  65  years  (B).
HMOD: hypertension-mediated organ damage; LVH: left ventricular hypertrophy.
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the general population of the same age[12] and > 15.0 m/s
in normotensive and hypertensive patients > 80
years.[16] From a patho-physiological point of view,
various mechanisms are involved in aortic stiffen-
ing, in response to age and cardiovascular risk fac-
tors; they include breaks in elastin fibres, cross-links
of the elastin network, and accumulation of colla-
gen.[17] Carotid-femoral PWV may be the more rel-
evant HMOD to screen in older hypertensive pa-
tients because of its high frequency observed her-
ein, its pathophysiological mechanism, and its str-
ong prognostic value to predict cardiovascular
events and mortality.[18] However, PWV assessment
requires a specific device that is mostly only avail-
able in tertiary centres, and is time consuming. Pulse
pressure is widely available, may be used as a sur-
rogate of PWV, and was also very frequently obser-
ved in patients ≥ 65 years herein. Similarly, but at
the heart level, ECG is a widely available tool which
may performed by general practitioners in the bas-
eline work-up of hypertensive patients; herein, aro-
und three-quarters of ECG LVH was detected us-
ing the simple index RaVL >1.0 mV in older pa-
tients. Interestingly, the Sokolow-Lyon and Cornell
indexes were above normal values twice less fre-
quently than RaVL. It has also been reported that
RaVL was a good index of LVH compared with car-

diac magnetic resonance imaging (MRI) and has the
advantage of a univocal threshold of 1.0 mV in vari-
ous clinical conditions and in both sexes;[11] it is as-
sociated with major cardiovascular events, as well
as cardiovascular and all-cause mortality in several
cohorts of hypertensive patients and had better per-
formance of other LVH ECG indexes.[19–21] The ob-
servations made herein suggest that the first met-
hod to screen LVH in patients aged ≥ 65 years is the
ECG and that among the indexes available it is the
RaVL that should be used. The second method to
screen LVH is transthoracic echocardiography to
explore more precisely the anatomical compound.
Anatomical LVH was more frequently detected
than electrical LVH in both age groups herein. This
is in line with previous reports that found low sens-
itivity of electrical LVH (usually < 25%), albeit high
specificity (up to 95%) of ECG criteria for diagnosis
of LVH compared to echocardiography or MRI.[22,23]

However, these two subtypes of LVH may be clinic-
ally distinct entities, each may provide distinct pro-
gnostic and, potentially, mechanistic information.[24]

The overlap between electrical and anatomical LVH
was less frequent in older patients, but LVMI unas-
sessable by transthoracic echocardiography was rel-
atively frequent in older patients. Kidney HMOD
was less frequent than either heart or vessel HMOD her-

 

Table 4    Aetiology and specific treatments.

Total cohort(n = 938) Age <  65 years(n = 748) Age ≥ 65 years(n = 190) P values
Aetiology

　Essential hypertension, yes 657 (70.0%) 520 (69.5%) 137 (72.1%) 0.487

　Primary aldosteronism 192 (20.5%) 164 (21.9%) 28 (14.6%) 0.026

　Reno-vascular hypertension 30 (3.2%) 18 (2.4%) 12 (6.3%) 0.006

　Renal disease 37 (3.9%) 25 (3.3%) 12 (6.3%) 0.038

　Pheochromocytoma 10 (1.1%) 10 (1.3%) 0 0.109

　Cushing syndrome 6 (0.6%) 5 (0.7%) 1 (0.5%) 0.826

　Others 6 (0.6%) 6 (0.8%) 0 0.181

　Diagnosis OSA during work-up 50 (5.3%) 38 (5.1%) 12 (6.3%) 0.498

Specific treatment

　Percutaneous transluminal renal angioplasty 30 (3.2%) 18 (2.4%) 12 (6.3%) 0.006

　Adrenalectomy 64 (6.8%) 58 (7.8%) 6 (3.2%) 0.025

　Adrenal venous sampling 168 (87.5%) 144 (87.8%) 24 (85.7%) 0.757

　Adrenalectomy for primary aldosteronism 49 (5.2%) 44 (5.9%) 5 (2.6%) 0.072

　APAP for OSA 38 (4.1%) 29 (3.9%) 9 (4.7%) 0.591

Data are presented as n (%). APAP: automatic positive airway pressure; OSA: obstructive sleep apnea.
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ein (present in a third of younger patients, and half
of older patients), but this may be explained by the
inclusion of patients addressed to a cardiology de-
partment. A more general note is that more than
90% of older patients addressed to our department
had ≥ 1 HMOD; this questions the need for screen-
ing for HMOD in this population and whether it
would not be more pertinent to consider that all pa-
tients are at high risk. However, these results may
not be generalizable as patients were addressed for
resistant or difficult-to-treat hypertension.

Secondary hypertension affects only 5%-10% of
hypertensive patients and their screening may be
expensive and time consuming.[25] Extensive screen-
ing is usually proposed to patients with high clinic-
al suspicion (young adults, resistant or severe hy-
pertension, low plasma potassium, reduction of
eGFR after initiation of a renin-angiotensin-system
blockers…).[25] In the present cohort, we observed
that the frequency of secondary hypertension was
similar in younger and older patients. The fre-
quency of primary aldosteronism in both age gr-
oups was very close to that previously described in
resistant hypertension (6%-23%);[26] it was, however,
less frequent in older patients. Adrenalectomy for
primary aldosteronism was less frequently per-
formed in older patients than in the younger ones,
indicating a higher frequency of bilateral secretion
of aldosterone. Nevertheless, it may be important to
screen for unilateral secretion because it has been
demonstrated that adrenalectomy after selection by
adrenal venous sampling in older hypertensive pa-
tients contributes to a biochemical improvement of
aldosterone secretion, as well as a decrease of anti-
hypertensive treatment and BP.[27] However, anti-
hypertensive treatment need to be continued in
around three-quarters of patients aged ≥ 65 years
despite adrenalectomy.[27] In case of bilateral secre-
tion, the diagnosis of primary aldosteronism re-
mains of particular importance to introduce spiro-
nolactone which may be difficult to use in elderly
hypertensive patients with frequent side effects (hy-
perkalemia, worsening renal function). [28] The
second most frequent aetiology in older patients her-
ein was reno-vascular hypertension; the frequency
of which was significantly higher than in younger
patients. Percutaneous transluminal renal angio-
plasty was performed in all older patients in whom

this was indicated; recognition of patients who may
benefit for this procedure to improve BP control
and reduce antihypertensive treatment may be chal-
lenging and needs a multidisciplinary approach.
The CORAL and ASTRAL trials failed to identify
substantial BP differences in patients treated with
percutaneous transluminal renal angioplasty in com-
parison to patients with medical treatment alone.[29,30]

Nonetheless, the considerable limitations have been
highlighted on several occasion.[31] Recently, it has
been demonstrated that patients with true resistant
hypertension may benefit from percutaneous tran-
sluminal renal angioplasty by a substantial de-
crease of ambulatory BP and number of hypertens-
ive treatments.[15]

 Limitations
This study was performed in a tertiary health-

care institution and most patients were addressed
for difficult-to-treat hypertension, resistant hyper-
tension or suspected secondary hypertension; this
might have reduced the generalizability of the res-
ults for a first screening in all-comers hypertensive
patients, by overestimating the prevalence of HMOD,
as well as an over-representation of secondary hy-
pertension cannot be ruled out in the realization of
our cohort. However, the baseline characteristics of
this population indicated a fairly low-risk profile.
Another limit to mention is the absence of specific
follow-up in our department for patients treated for
secondary forms (adrenalectomy, renal angioplasty)
to assess the BP reduction. In fact, most of them
were addressed to their cardiologist after the pro-
cedure. Finally, multiple statistical test may be asso-
ciated with type 1 error (i.e., false positive results).

 Conclusion

An extensive screening of HMOD in older pa-
tients may be questionable as nearly all patients had
one. However, aetiology in older patients must be
explored in the same way as younger patients as a
third of patients over 65 years addressed for resist-
ant or difficult to treat hypertension had a second-
ary form.
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