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ABSTRACT

in secondary hypertension, elevated blood pressure is caused by a known and/or potentially 
treatable underlying disease. Although the prevalence of secondary hypertension depends 
on the patient population and the thoroughness of applied diagnostic approaches, arterial 
hypertension is classified in 90 to 95% as primary in nature. in young patients, individuals 
without a family history of hypertension, late onset of hypertension or worsening of a 
previous well-controlled hypertension as well as in patients who have a difficult to treat 
hypertension, the prevalence of secondary hypertension is significantly higher. Because the 
identification and the specific therapy of secondary hypertension may result in normalisation 
or improvement of elevated blood pressure in many cases, a targeted diagnostics is of great 
importance.

KEY MESSAGES

• the prevalence of secondary hypertension is 5-10% of hypertensive patients (lower in the 
whole population, higher in patients with therapy-resistant hypertension).

• Patient history, physical examination, and laboratory results are very important to patients 
with suspected secondary hypertension to identify. After a preliminary screening, the 
assignment is made recommended for specialist medical clarification.

• think about secondary hypertension in young patients, individuals without a family 
history of hypertension, late onset of hypertension or worsening of a previous 
well-controlled hypertension as well as in patients who have a difficult to treat 
hypertension.

Introduction

Arterial hypertension is a major cardiovascular risk 
factor that affects between 10% and 40% of the  
general population in an age- and population- 
dependent manner.

Depending on the population, in up to 5% of indi-
viduals, an underlying cause of hypertension may be 
found defining secondary hypertension. The incidence 
of secondary hypertension differs widely among dif-
ferent patient populations [1,2].

As secondary hypertension has potentially correct-
able causes, diagnosing this type of hypertension is of 
particular clinical importance. Thus, whenever the 
diagnosis of arterial hypertension is confirmed accord-
ing to current guidelines [3], as a general approach, 
an initial assessment (i.e. history, physical 

examination, and basic laboratory testing) to exclude 
or suspect possible secondary causes of high blood 
pressure should take place (Table 1).

Basic diagnostics in hypertension including medi-
cal history, physical examination, blood analysis, urine 
status and abdominal sonography usually allow for a 
initial suspicion of the most common secondary 
forms of hypertension. Further, special examinations 
are available for completing the diagnosis, which are 
best performed in specialised centre (Table 1) [3].

Secondary hypertension is classified according to 
its aetiology into different subgroups. A distinction is 
made between renal (renoparenchymal and renovas-
cular) and endocrine hypertension (primary aldoste-
ronism, Cushing’s syndrome or disease, 
pheochromocytoma and thyroid/parathyroid disease). 
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Moreover, secondary hypertension can be caused by 
sleep-disordered breathing, aortic coarctation and 
other congenital conditions, be pregnancy-associated, 
induced by excessive alcohol consumption, hypervole-
mia, substances abuse or use of certain drugs, all of 
which may increase blood pressure (Table 2).

Secondary hypertension as a cause of difficult 

to treat hypertension

Despite the existence of evidence-based guidelines 
blood pressure (BP) control (BP < 140/90 mm Hg) is 
poor even in a treated hypertensive population. The 
lack of control remains an important issue because a 
clinically relevant reduction in cardiovascular events 
cannot be achieved without a reduction of BP to the 
target level [3]. Accordingly, the [4]current trends 
with a continued worsening of BP control in hyper-
tensive patients is worrying and new strategies to 
improve BP control are urgently needed [4].

Difficult-to-control hypertension - defined, as 
uncontrolled hypertension on three antihypertensive 
medications including a diuretic - is becoming an 
increasingly common problem.

Besides factors such as older age, therapy adher-
ence, technical issues related to blood pressure mea-
surement and obesity, causes of secondary hypertension 
should be excluded before the diagnosis of treatment 
resistance can be confirmed.

The sympathetic nervous [5,6] and renin–angioten-
sin–aldosterone systems [7] regulate blood pressure, 
fluid volume, and the vascular response to injury and 
inflammation. Derangement of these systems is often 
found in patients with therapy-resistant hypertension 
and secondary hypertension [2]. In the clinical setting 
of difficult-to-control hypertension other factors such 
as socioeconomic factors, noise exposure and other 
environmental factors/exposures should be carefully 
evaluated.

Common causes of secondary hypertension

Kidney and renal artery diseases

The kidneys play a central role in blood pressure reg-
ulation. Arterial hypertension can lead to kidney 
damage, while renal and renal artery diseases can 
contribute to an increase in blood pressure.

Possible secondary forms of renal hypertension 
include glomerular kidney disease (e.g. glomerulone-
phritis) and tubulointerstitial processes (e.g. polycystic 
kidney disease) or microvascular kidney damage and 
renovascular hypertension [1].

The diagnosis of a renal form of hypertension is 
supported by clinical evidence and/or typical labora-
tory findings such as the presence of microalbumin-
uria or proteinuria (albumin creatinine ratio (ACR) in 
spot urine), increased creatinine value or reduced glo-
merular filtration rate and imaging abnormalities of 
kidney and/or the renal vessels [1,3].

Table 1. signs and symptoms suggesting specific causes of secondary hypertension. reproduced from ref. [1].

signs and symptoms Possible diagnosis diagnostic tests

different BP (≥20/10 mmHg) between upper–lower extremities and/or 
between right–left arm; delayed femoral pulsations; interscapular ejection 
murmur; rib notching on chest X-ray

Coarctation of the aorta  echocardiography, X-ray, thorax MrI 

Peripheral oedema; pallor; loss of muscle mass renal parenchymal disease Creatinine, ultrasound of the kidney
Abdominal bruits; peripheral vascular disease renal artery stenosis  duplex, or computed tomography, or MrI, 

or angiography
Fatigue; constipation; polyuria, polydipsia, muscle weakness Primary aldosteronism  Aldosterone–renin ratio 
Weight gain; impotence; fatigue; psychological changes; polydipsia and 

polyuria, obesity, hirsutism, skin atrophy, striae rubrae, muscle weakness, 
osteopenia

Cushing’s syndrome  24 h urinary cortisol; dexamethasone 
testing 

Headache; palpitations; flushing; anxiety; paroxysmal hypertension; pounding; 
headache; perspiration; palpitations; pallor

Phaeochromocytoma  Plasma or 24 h urinary metanephrines; 
24 h urinary catecholamine

Hyperthyroidism: palpitations, weight loss, anxiety, heat intolerance; 
tachycardia, atrial fibrillation; accentuated heart sounds; exophthalmos

Hypothyroidism: weight gain, fatigue, obstipation, bradycardia; muscle 
weakness; myxoedema

Thyroid disease  TsH, free T3 free T4 

snoring, daytime sleepiness; morning headache, irritability; increase in neck 
circumference; obesity; peripheral oedema

obstructive sleep apnoea  screening questionnaire; polysomnography 

BP: blood pressure; MrI: magnetic resonance imaging; T3: tri- iodothyronine; T4: thyroxine; TsH: thyroid-stimulating hormone.

Table 2. selected drugs that may elevate blood pressure. 
reproduced from ref. [1].

drugs class Common examples

oestrogen oral contraceptive
Herbal ephedra, Ginseng, ma Huang
Illicit Amphetamines, Cocaine
Non-steroidal  

Anti-Inflammatory
Cyclooxygenase-2 inhibitors, ibuprofen, 

naproxene
Psychiatric Buspirone, carbamazepine, clozapine, fluoxetine, 

lithium, tricyclic antidepressant
steroid Methylprednisolone, prednisone
sympathomimetic decongestants, diet pills
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Renal artery stenosis may be suspected as a cause 
of hypertension in younger individuals, mainly females 
with fibromuscular dysplasia, without a family history 
of arterial hypertension or in elderly patients present-
ing with hypertensive crises, flash pulmonary edoema 
(commonly in the context of bilateral renal artery ste-
noses, or of unclear progressive deterioration of renal 
function. The prevalence of the different aetiology of 
renal artery stenosis varies according to age and car-
diovascular risk factor but it is reported that athero-
sclerotic renal artery stenosis account for 60–90% and 
fibromuscular dysplasia for 10-30% of the cases [8].

The screening examination of choice for renovas-
cular hypertension is Doppler sonography, followed, if 
needed, by computed tomography, magnetic reso-
nance imaging or catheter-based angiography.

Aetiologically, fibromuscular dysplasia, which typi-
cally affects young women needs to be distinguished 
from atherosclerotic artery stenosis, which is more 
common in older patients [1]. Fibromuscular dyspla-
sia resembles a non-atherosclerotic, non-inflammatory 
vascular wall disease, involving renal, iliac, subclavian 
and carotid arteries. The changes in the renal arteries 
are typically found in the distal sections of the renal 
artery with ‘string-of-beads’ features, but also in the 
segmental arteries with characteristic pearl 
necklace-like arterial wall changes.

Atherosclerotic renal artery stenosis is common in 
elderly patients with cardiovascular risk factors (dys-
lipidemia, diabetes or tobacco use) or atherosclerotic 
lesions in other vessels (peripheral arterial occlusive 
disease and coronary or cerebrovascular disease). In 
contrast to fibromuscular dysplasia, the atherosclerotic 
lesions are typically in the proximal segments of the 
renal arteries.

Angioplasty is a safe modality to treat fibromuscu-
lar dysplasia and leads to the reduction of short and 
long-term complications [9].

Concerning atherosclerotic renal artery stenosis, 
the currently available data suggest that angioplasty or 
stenting in patients with treatment-resistant hyperten-
sion or presenting hemodynamically relevant renal 
artery stenosis (> 80% or with a gradient > 24 mmHg) 
or bilateral renal artery stenosis [10–12].

However, the debate about which groups of patients 
are most likely to benefit from an intervention is still 
ongoing.

Endocrine causes of hypertension

Elevated blood pressure resulting from endocrine dis-
orders (endocrine hypertension) accounts for a rele-
vant proportion of cases of secondary hypertension. 

Although some features may be clinically suggestive, 
many cases of endocrine hypertension remain uncov-
ered until specifically worked up. A majority of cases 
result from primary aldosteronism. Other rare condi-
tions include rare forms of congenital adrenal hyper-
plasia, Liddle syndrome, phaeochromocytomas, 
Cushing’s syndrome, acromegaly, thyroid diseases, pri-
mary hyperparathyroidism, and iatrogenic hormone 
manipulation.

Primary aldosteronism

Primary aldosteronism is the most common form of 
secondary hypertension in adults with an estimated 
prevalence of around 10% in referral centres and 4% 
in a primary care setting. In a significant proportion 
of patients who are resistant to combined antihyper-
tensive medical treatment (i.e. between 11% and 20%), 
primary aldosteronism was identified as the underly-
ing cause [13].

Initially, primary aldosteronism was described by 
Conn in 1955 as autonomous production of aldoste-
rone by a tumour of the adrenal cortex and the sec-
ondary suppression of renin with the development of 
hypertension with hypokalemic alkalosis [14].

Conn also recognised that normokalaemic forms of 
the syndrome exist which masquerade as essential 
hypertension. Consequently, normokalaemic primary 
aldosteronism is often overlooked. It is of note that 
hypokalaemia is found in 9–37% of all cases of pri-
mary hyperaldosteronism with a predominance in 
patients with aldosterone-producing adenoma [15].

The advent of a simple screening test, the aldoste-
rone–renin ratio, led to better recognition of such 
patients. Given the detrimental cardiovascular adverse 
effects of aldosterone excess that are in part indepen-
dent of high blood pressure [16], early detection of 
primary aldosteronism has an important impact on 
clinical outcome and survival. It is important to 
underlined that patients with primary hyperaldostero-
nism have significantly higher cardiovascular mortal-
ity compared to patients with essential hypertension 
– even when controlled for blood pressure [17].

The two predominant causes of autonomous 
aldosterone secretion are aldosterone-producing 
adenomas, treated commonly by unilateral adrenal-
ectomy, and bilateral adrenal hyperplasia, currently 
managed by chronic mineralocorticoid antagonist 
therapy (i.e. spironolactone, eplerenone). Despite 
progress in the management of primary aldostero-
nism, critical issues related to diagnosis, subtype 
differentiation, and treatment of not surgically cor-
rectable forms still persist. To date, the definitive 
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diagnosis of primary aldosteronism is a multistep 
procedure requiring expert knowledge (Figure 1)
[18,19].

For example, while adrenal venous sampling is rec-
ommended to assess whether aldosterone hypersecre-
tion is lateralised in patients with primary 
aldosteronism, this procedure is invasive, poorly stan-
dardised, and not widely available [20].

Overall, compared with its importance as the 
major secondary cause of hypertension, the currently 
available tools for diagnosis and treatment of pri-
mary aldosteronism are quite inefficient. These 
shortcomings relate in part to the heterogeneity of 
Conn’s syndrome. In epidemiological terms, there 
appears to be a continuous spectrum from low renin 
hypertension, normokalaemic Conn’s syndrome to 
hypokalaemic primary aldosteronism that makes 
cut-offs used for screening somewhat arbitrary. 
Likewise, based on histopathology of adrenal tissues 
resected during adrenalectomy, heterogeneity exists 
at multiple levels as aldosterone excess may be 
caused by micro- or macronodular hyperplasia or by 
a typical adrenal adenoma; the adjacent adrenal cor-
tex may be atrophic, diffuse hyperplastic, or nodular 
hyperplastic [21].

In appreciation of the overall high prevalence and 
the complexity of the endocrine work-up, current 
guidelines support a relatively broad screening policy 
as well as a liberal treatment trial with mineralore-
ceptor antagonists despite incomplete differential 

diagnosis [19]. Candidates with a particular high 
cure rate following a surgical procedure are females, 
younger patients, and those with a short history of 
hypertension. Therefore, in these patients, comple-
tion of the complete diagnostic procedure should be 
aimed for.

Cushing’s syndrome

Endogenous hypercortisolism, also termed Cushing’s 
syndrome, is characterised by typical clinical signs/
symptoms that in its overt form are usually not 
missed. The diagnosis of Cushing’s syndrome involves 
hormonal assessments, including a non-suppressible 
serum cortisol after application of 1 mg of dexameth-
asone overnight, the elevation of urinary free cortisol 
in a 24 h urine collection, or demonstration of a flat-
tened circadian cortisol rhythm indicated by elevated 
(salivary) midnight cortisol levels. The localisation 
(i.e. central vs adrenal) is guided by the assessment of 
baseline adrenocorticotropic hormone levels. Further 
differential diagnosis will likely require other func-
tional tests (such as high-dose dexamethasone sup-
pression test and corticotropin-releasing hormone 
stimulation testing), targeted imaging procedures, and 
sometimes invasive procedures such as sinus petrosus 
venous sampling [22,23].

While glucocorticoid excess does play a role in 
blood pressure regulation, arterial hypertension is 
only rarely the leading clinical feature in patients with 

Figure 1. Flow chart diagnosis of hyperaldosteronism. Modified from ref [1].



BlOOD PReSSURe 5

Cushing’s syndrome. Considering the rarity of the 
condition, it is, therefore, prudent to restrict screening 
procedures in hypertensive patients to those suggested 
by current guidelines [24,25]:

• Patients with unusual features for age (e.g. 
osteoporosis, hypertension).

• Patients with multiple and progressive features 
[25], particularly those that are more

• predictive of Cushing’s syndrome such as 
between others facial plethora, Striae or proxi-
mal myopathy [24].

• Children with decreasing height percentile and 
increasing weight.

• Patients with adrenal incidentaloma compatible 
with adenoma.

Recent evidence suggests that also subtle forms of 
endogenous hypercortisolism - as often encountered 
in patients with adrenal incidentalomas – is associ-
ated with a relevant cardiovascular disease burden 
including arterial hypertension [26].

Phaeochromocytoma

Tumours secreting excessive amounts of catechol-
amines are termed ‘phaeochromocytomas’ or ‘para-
ganglioma’ in accordance with their anatomical 
location.

Lesions producing excess catecholamines may be 
located in the adrenal glands (phaeochromocytomas, 
around 90% of the diagnosis) or in sympathetic gan-
glia, which are present along the entire sympathetic 
chain (paragangliomas or extra-adrenal phaeochromo-
cytomas, around 10%). Although the sympathetic 
chain extends throughout the body, most secreting 
extra-adrenal phaeochromocytomas are located in the 
abdomen; less common locations for these lesions 
include the neck, chest, and urinary bladder. The 
majority of head and neck paraganglioma are not 
hormonally active.

Both phaeochromocytoma and paraganglioma are 
uncommon tumours that account for less than 0.1% of 
all hypertensive cases [1]. The clinical presentation of 
phaeochromocytomas is quite variable, ranging from 
severe, causing emergencies and sudden death, to those 
cases with minimal or no symptoms. In the latter, the 
diagnosis is often initiated following abdominal imag-
ing with an incidental finding of an adrenal tumour. 
Commonly described symptoms are headache, flushing, 
palpitations, anxiety, chest pain, dyspnoea, abdominal 
pain, diarrhoea, blurred vision, dizziness, weakness and 
fatigue, anorexia and weight loss, polyuria, and 

polydipsia; clinical signs include arterial hypertension 
(stable or hypertensive crisis), tachycardia, orthostatic 
hypotension, and heart failure [27].

Phaeochromocytoma and paraganglioma have a strong 
genetic background and in more than 30% of cases, 
mutations in one of many identified susceptibility genes 
can be identified. Therefore, genetic testing has been 
advocated for in all affected patients. The diagnosis of a 
pheochromocytoma requires confirmation of inappropri-
ate catecholamine production. This is achieved by mea-
surement of normetanephrine, metanephrines, and 
methoxytyramine in plasma and/or 24 h urine, which 
provides high sensitivity and specificity [27].

Screening is recommended in patients with typical 
signs and symptoms, in those with a family history or 
earlier diagnosis of a phaeochromocytoma or paragan-
glioma, and in all patients with an adrenal inciden-
taloma. Similar to the situation for Cushing’s syndrome, 
the low pre-test probability renders a general screening 
of the hypertensive population inappropriate.

Thyroid and parathyroid diseases

Deregulation of the thyroid and parathyroid function 
are reversible causes of secondary hypertension [28]. 
Thyroid disorders induce several haemodynamic 
changes leading to elevated blood pressure as a con-
sequence of their interaction with endothelial func-
tion, vascular reactivity, renal haemodynamics, and 
renin–angiotensin system. However, in thyroid disor-
ders, the regulation of blood pressure and the devel-
opment and maintenance of variable forms of arterial 
hypertension are different [29]. Hyperthyroidism 
results in an increased endothelium-dependent 
responsiveness secondary to the shear stress induced 
by the hyperdynamic circulation and contributes to 
reduce vascular resistance. Conversely, hypothyroid-
ism is accompanied by a marked decrease in sensitiv-
ity to sympathetic agonists with an increase in 
peripheral vascular resistance and arterial stiffness. 
Increased blood pressure due to thyroid disorders is 
usually reversible with the achievement of euthyroid-
ism, but in some cases, the pharmacological treatment 
for blood pressure control is required. In hyperthy-
roidism, beta-blockers are the first-choice treatment 
to control blood pressure, but when they are contra-
indicated or not tolerated, angiotensin-converting 
enzyme inhibitors or calcium channel blockers are 
recommended. Hypothyroidism is a typical low-renin 
hypertension responding particularly well to calcium 
antagonists and diuretics; indeed, in hypothyroidism a 
low-sodium diet seems to improve blood pressure 
control further [1].
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Sporadic primary hyperparathyroidism is an endo-
crine disorder usually characterised by persistent fast-
ing hypercalcaemia attributable to autonomous 
overproduction of parathyroid hormone by parathy-
roid adenoma or hyperplasia (hypercalcaemic primary 
hyperparathyroidism).70 However, a proportion of 
patients with primary hyperparathyroidism (20%) 
show normal total and ionised serum calcium levels 
in the presence of persistently elevated parathyroid 
hormone concentrations [30]. Primary hyperparathy-
roidism is associated with an increased risk of arterial 
hypertension [30]. Recent investigations have reported 
high blood pressure in 40–65% of patients with pri-
mary hyperparathyroidism [31]. Despite variations in 
published data due to different patient selection crite-
ria, the prevalence of hypertension in patients with 
primary hyperparathyroidism is higher than in the 
general population regardless of age [31]. However, 
elevated parathyroid hormone levels have also been 
reported in a subgroup of patients with primary 
(essential) hypertension. Proposed mechanisms link-
ing hypertension and primary hyperparathyroidism 
include abnormalities in major endocrine pressor fac-
tors, such as the sympathetic nervous system and/or 
the renin– angiotensin–aldosterone axis, dysfunction 
or structural changes of resistance vessels documented 
either by an altered vasodilatory response, and/or an 
enhanced vascular constriction to pressor hormones.

Other causes of secondary arterial hypertension

Non-Adherence to the antihypertensive therapy

Adherence to antihypertensive therapy is critical to 
achieving adequate blood pressure control [32]. Of 
note, 30–50% of hypertensive patients do not take 
their drugs as prescribed and physicians often under-
estimate this issue, particularly in their own patients. 
Non-adherence has important public health implica-
tions and, moreover, it results in increased morbidity 
and mortality rates [33].

The causes of poor adherence are both patient and 
therapy related. Reducing the number of drugs that need 
to be taken daily by prescribing fixed-dose combination 
drugs and regular visits[34] as well as biochemical screen-
ing[35] have been shown to improve adherence.

Currently, multiple, different direct and indirect 
methods to measure therapeutic adherence are avail-
able, but in clinical practice there is no cost-effective 
and simple tool. Therapeutic drug monitoring, charac-
terised by drug (or metabolite) concentration measure-
ment in body fluids (blood or urine), is a cost-effective 
direct method to assess therapeutic adherence [35].

Despite some limitations, therapeutic drug moni-
toring may decrease health costs, by reducing the 
number of visits and by identifying those patients 
who would undergo unnecessary further diagnostic 
and/or interventional procedures and would rather 
need more intensive counselling. Moreover, therapeu-
tic drug monitoring is useful to identify patients with 
true resistant hypertension, rather than those with 
poor compliance. Other possibilities include urine 
testing with fluorescent drugs, pill counting, among 
others [36].

Sleep-disordered breathing

Obstructive sleep-disordered breathing is character-
ised by recurrent episodes of partial or complete 
upper airway obstruction during sleep[37] Indeed, 
obstructive sleep-disordered breathing is accepted as 
an important independent risk factor for cardiovascu-
lar diseases in general, and in particular for hyperten-
sion. It is an important part of both the European 
and American guidelines as an identifiable and treat-
able cause of secondary hypertension [3]. Moderate or 
severe obstructive sleep-disordered breathing can be 
detected in a third or more of patients with primary 
hypertension and in up to 80% of individuals with 
drug-resistant hypertension [37].

It is difficult to tease out confounding variables 
and to infer a direct causal relationship between 
obstructive sleep apnoea and hypertension. 
Nevertheless, a large body of evidence suggests a link, 
after adjusting for confounders. Importantly, treating 
obstructive sleep-disordered breathing may improve 
hypertension and may translate into an improved CV 
risk profile and patient outcomes. Obstructive 
sleep-disordered breathing is seen in 70% of patients 
with resistant hypertension, but only in 38% of those 
with controlled hypertension.95 The mechanisms by 
which obstructive sleep-disordered breathing is 
thought to elicit hypertension include sympathetic 
activation), endothelial dysfunction, increased endo-
thelin release, reduced nitric oxide production, and 
systemic inflammation [1].

A sustained effect of obstructive sleep-disordered 
breathing on muscle sympathetic nerve activity has 
been documented during wakefulness in subjects with 
normal and impaired left ventricular systolic function. 
Of note, Grassi and colleagues[38] recorded daytime 
muscle sympathetic nerve activity in four otherwise 
similar lean and obese cohorts with and without 
severe obstructive sleep- disordered breathing 
(Apnoea–Hypopnea Index averaging at least 40 events 
per hour). Muscle sympathetic nerve activity burst 
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incidence was significantly greater in lean and in 
obese subjects with obstructive sleep- disordered 
breathing as compared to controls, indicating that 
these neural disturbances are not due to confounding 
effects of obesity. They also documented significantly 
greater daytime muscle sympathetic nerve activity in 
individuals characterised as having ‘non-dipping’ or 
‘reverse dipping’ nocturnal ambulatory blood pres-
sures, a clue to the presence of obstructive sleep 
apnoea, compared with individuals who are normo-
tensive during the day and night.

Of note is the fact that an increased incidence of 
hypertension has also been associated with restless 
legs syndrome and reduced sleep duration, inde-
pendently of the presence of obstructive 
sleep-disordered breathing. Furthermore, obstructive 
sleep-disordered breathing has also been linked to 
diabetes, metabolic syndrome, heart failure, arrhyth-
mia, depression, and erectile dysfunction.

In patients with obstructive sleep-disordered breath-
ing, several meta-analyses and randomised trials 
demonstrate improved blood pressure control with the 
use of positive airway pressure (continuous or bi-level). 
A meta-analysis of 32 randomised trials pooled 1948 
patients and showed a mean net reduction in blood 
pressure of 2.5 mmHg. Including studies involving 
patients with resistant hypertension and obstructive 
sleep apnoea and measuring blood pressure changes 
by ambulatory blood pressure monitoring only, Iftikhar 
and colleagues[39] found a mean change in 24 h sys-
tolic blood pressure of −7.21 mmHg and in 24 h dia-
stolic blood pressure of −4.99 mmHg. Blood 
pressure-lowering effects are especially evident in those 
with more severe obstructive sleep-disordered breath-
ing. Even a modest blood pressure reduction is of rel-
evance at the population level when considered in the 
context of the 10/5 mmHg reduction in systolic/dia-
stolic blood pressure, which may reduce the risk of 
stroke, major cardiovascular events, and death between 
20% to 25%. Randomised trials suggest that treatment 
of obstructive sleep-disordered breathing with mandib-
ular devices can also lower blood pressure [40].

Whether other beneficial effects of obstructive 
sleep-disordered breathing therapy, such as attenua-
tion of nocturnal hypoxaemia, sympathetic activation, 
and systemic inflammation, confer further benefits 
beyond blood pressure reduction remains to be deter-
mined. Currently, no class of antihypertensive drugs is 
best suited to treat hypertension related to obstructive 
sleep-disordered breathing. Aldosterone antagonists 
may be beneficial in those with resistant hypertension 
and obstructive sleep-disordered breathing, but ran-
domised data are at the present time not available. 

Aldosterone has emerged as a key factor linking 
obstructive sleep-disordered breathing, dietary sodium 
intake, renal sympathetic activation, fluid retention, 
and hypertension. Any fluid retention resulting from 
increased renal- and aldosterone-mediated sodium 
retention will shift fluids at night from the legs to the 
neck. The resultant peripharyngeal oedema and 
increase in neck circumference will increase upper 
airway resistance and the severity of obstructive 
sleep-disordered breathing and in turn, leads to an 
increase in blood pressure [1].

A recent meta-analysis suggests renal denervation 
may prove to be beneficial as an adjunct for patients 
with obstructive sleep-disordered breathing and 
hypertension (see the contribution of F. Mafoud et  al. 
in this issue) [41]. Efferent renal sympathetic nerve 
stimulation elicits increases in renin release from jux-
taglomerular cells, renal sodium and water reabsorp-
tion, and renal vascular resistance. Thus, if obstructive 
sleep-disordered breathing activates efferent renal 
sympathetic nerve discharge in parallel with muscle 
sympathetic nerve activity, this could increase blood 
pressure acutely via sympathetically mediated vaso-
constriction and sustain hypertension chronically by 
engaging sodium and water retention in addition to 
entraining and resetting the sympathetic nervous 
system [1].

Conclusion

Secondary cause of hypertension is more frequent in 
patients with difficult-to-treat hypertension than in a 
general population of hypertensive patients. An early 
diagnosis leads to better control of blood pressure 
and has a positive impact on the reduction of cardio-
vascular risk.
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