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Non-dipping pattern of hypertension and obstructive
sleep apnea syndrome

Jacek Wolf, Dagmara Hering and Krzysztof Narkiewicz

There is growing recognition of cardiovascular consequences of obstructive sleep apnea (OSA). Recurrent episodes of airway

obstructions result in hypoxia and hypercapnia increasing sympathetic neural tone, which in turn causes vasoconstriction and

marked increases in blood pressure (BP). BP response to OSA may be important in understanding the absence of nocturnal BP

fall in the subgroup of hypertensive patients termed ‘non-dippers’. Even mild sleep apnea can increase nocturnal BP through

different mechanisms including hypoxemia, sympathetic activation, mechanical changes and disruption of normal sleep. Sleep

apnea may be an important factor in determining the increased cardiovascular risk in hypertensive non-dippers. Effective

treatment of sleep apnea may attenuate neurohumoral and metabolic abnormalities, improve diurnal BP control and conceivably

reduce cardiovascular risk. This review examines the evidence linking OSA to non-dipping pattern of hypertension, and discusses

potential mechanisms underlying this link. We will review first, prognostic value of nighttime BP; second, the cardiovascular

consequences of sleep apnea; third, the evidence for altered diurnal BP profile in sleep apnea; fourth, the mechanisms

contributing to both nocturnal and daytime hypertension in sleep apnea; fifth, the benefits of sleep apnea treatment and finally

implications for hypertension management.
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INTRODUCTION

Ambulatory monitoring has shown that the 24-h blood pressure (BP)
profile is characterized by considerable variability and a marked
diurnal rhythm.1–5 A substantial component of BP variability during
ambulatory monitoring can be accounted for by changes in activity.
However, the physiological mechanisms responsible for the variability
and the diurnal rhythm of BP are not completely understood.6

Nevertheless, there is growing evidence that sympathetic nerve activity
contributes importantly to BP variability and the diurnal BP profile.7,8

Normally, BP decreases during sleep by at least 10% of the awake
value, and occurrence of ‘dipping’ correlates directly with the amount
of deep sleep and inversely with indices of sleep fragmentation.9 There
has been great interest in the mechanisms and clinical significance of
the ‘dipper’ or ‘non-dipper’ pattern of ambulatory BP profiles.
Obstructive sleep apnea (OSA) and the consequent nighttime BP

surges may be involved in the increased cardiovascular morbidity that
characterizes those hypertensive patients without nocturnal BP
decline.
This review examines the evidence linking OSA to non-dipping

pattern of hypertension, and discusses potential mechanisms under-
lying this link. We will review first, prognostic value of nighttime BP;
second, the cardiovascular consequences of OSA; third, the evidence
for altered diurnal BP profile in OSA; fourth, the mechanisms
contributing to both nocturnal and daytime hypertension in OSA;

fifth, the benefits of OSA treatment and finally implications for
hypertension management. Because of the space limitations, only
few references relevant to specific areas can be included.

PROGNOSTIC VALUE OF NIGHTTIME BP

Ambulatory BP is a better predictor of cardiovascular risk than office
BP. The risk of cardiovascular morbidity and mortality increases more
steeply from office to home, day, 24 h and night BP10,11 (Figure 1).
A blunted nocturnal BP dip phenomenon is common in hyperten-

sive patients.12 It has been suggested that both non-dipping13–15 and
extreme dipping16–18 are associated with more pronounced target
organ damage. Furthermore, a lack of nocturnal dipping has been
related to an increased risk of cardiovascular events.19–23 The night-to-
day blood pressure ratio predicts cardiovascular and non-cardiovas-
cular mortality.24 Finally, a recent study by Muxfeldt et al.25 in
resistant hypertension indicates that the nocturnal BP variability
patterns provide valuable prognostic information for stratification
of cardiovascular morbidity and mortality risk, above and beyond
other traditional cardiovascular risk factors and mean ambulatory
BP levels.
Interestingly, a recent study by Eguchi et al.26 indicates that also

nocturnal non-dipping of heart rate predicts cardiovascular events in
hypertensive patients. The risk of future cardiovascular events was
shown to be markedly higher in those whose heart rate does not
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exhibit the typical nocturnal decline (Figure 2). This relationship was
independent of non-dipping of BP.

CARDIOVASCULAR CONSEQUENCES OF OSA

There is growing recognition of cardiovascular consequences of
OSA.27–29 Several studies provided evidence that OSA patients have
increased BP and a higher incidence of hypertension.30–32 Conversely,
patients with essential hypertension are more likely to have
sleep-disordered breathing. This association is particularly evident
within a group of patients with hypertension refractory to conven-
tional therapy. Up to 84% of these hypertensive subjects may have
previously undiagnosed OSA.33,34

The Wisconsin Sleep Cohort Study has shown a dose–response
relationship of sleep-disordered breathing at baseline and the
incidence of hypertension in a 4 year observation.35 The association
between OSA and arterial hypertension is affected by aging. The
analysis of the Sleep Heart Health Study36 has shown an independent
association of OSA and hypertension in the group of middle-aged, but
not in the elderly subjects. Noda et al.37 have shown that the survival
rate in middle-aged patients with OSA was significantly lower than
that in the age and sex-adjusted control Japanese population, but this

pattern was not seen among the elderly patients. Distinct effects of
OSA in populations of different ages have been attributed to differ-
ences in concomitant disease, underlying risk factors for sleep dis-
ordered breathing (similar to relative contributions of obesity vs.
ventilatory control abnormalities) and to differences in physiological
responses to intermittent upper airway occlusion.36

OSA has also been shown to be an independent risk factor for the
development of left ventricular hypertrophy.38,39 Several longitudinal
studies have documented increased cardiovascular morbidity in OSA
patients.40–42 OSA has been shown to be a significant risk factor for
the composite outcome of death and stroke, independent of other risk
factors including hypertension and atrial fibrillation.43 Finally, patients
with OSA have a peak in sudden death from cardiac causes during the
sleeping hours, which contrasts strikingly with the findings in the
general population.44

OSA AND NON-DIPPERS

Prevalence of hypertension is underdiagnosed in OSA patients if BP is
assessed by office readings only. In the Wisconsin Sleep Cohort Study,
Young et al.31 found a linear relationship between 24-h BP and AHI
that was independent of confounding factors such as body mass index.
Baguet et al.45 have shown that ambulatory BP monitoring might be
of particular significance in the hypertension diagnosis of OSA
patients (Figure 3). Although 42% of their OSA patients showed
office hypertension, 58% had daytime hypertension and 76% had
nighttime hypertension. Hypertensive patients, in whom there is an
absence of a nocturnal BP decline (non-dippers), are at increased risk
for cardiac and vascular events.46,47 The nocturnal BP profile in non-
dipper hypertensive patients is strikingly similar to that described in
studies of 24 h BP measurements in patients with OSA. Pankow et al.48

have shown that non-dipping of nocturnal BP in patients with OSA is
related to apnea severity. Lavie et al.49 have also reported that BP
during sleep correlated significantly with the apnea hypopnea index.
In a study, directed specifically at male non-dippers with essential
hypertension, Portaluppi et al.50 concluded that hypertensive non-
dippers had a high probability of coexisting sleep-disordered breath-
ing. Interestingly, a significant relationship between evening-to-morn-
ing BP difference and AHI was confirmed in men but not in women.51

A ‘non-dipping’ pattern was found in 48–84% of patients with OSA,
and its frequency increases with OSA severity.52,53

Detection of intermittent BP surges during sleep and non-dipping
pattern in OSA syndrome patients can be further improved by
the newly developed non-invasive hypoxia-triggered monitoring
system.54,55

Figure 1 Increase in 11-year risk of cardiovascular (CV) mortality for 10 mmHg increase in office, home and ambulatory systolic blood pressure (SBP) and

diastolic blood pressure (DBP) at various initial values in the Pressioni Arteriose Monitorate E Loro Associazioni study (from Sega et al.,11 with permission).

Figure 2 Event-free survival in hypertensive patients according to heart rate

dipping pattern in 497 hypertensive patients (from Eguchi et al.,26 with

permission).
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MECHANISMS CONTRIBUTING TO NON-DIPPING PATTERN

OF HYPERTENSION IN OSA

Recurrent episodes of airway obstructions result in hypoxia and
hypercapnia increasing sympathetic neural tone, which in turn causes
vasoconstriction.56 Sympathetic nerve activity rises progressively
during the time of apnea and is enhanced further by the arousal.
On resumption of breathing, cardiac output increases which coincides
with the constricted peripheral vasculature. This results in marked
increases in arterial pressure. BP and sympathetic activity in sleep-
apneic patients are highest during rapid eye movement sleep, as it is
during this sleep stage that apneas are most prolonged. Because of
repetitive vasoconstriction and BP surges, BP overall does not decrease
during sleep in patients with OSA.
OSA-related repetitive hypoxemia with consequent chemoreflex

activation, sympathetic excitation and nighttime BP surges may be
involved in the above described cardiovascular events in sleep-apneic
patients (Figure 4). This hemodynamic instability, related to respira-
tory efforts, hypoxemia and arousal, may lead to increased risk of
cardiac arrhythmias and sudden cardiac death. It may also favor
ischemic or hemorrhagic stroke, decompensation of a chronic heart
failure condition, as well as the development of chronic arterial
hypertension in these patients.
High levels of sympathetic activity in OSA patients are associated

with profound abnormalities in cardiovascular variability during
wakefulness. This alteration occurs even in the absence of hyperten-
sion or heart failure. OSA patients’ BP variability exhibit marked
increase, heart rate is faster and the RR variability is decreased.57

The degree of derangement in cardiovascular variability is closely
linked to the severity of syndrome. Possible mechanisms underlying
autonomic control abnormalities include chemoreflex dysfunction58

and impaired baroreceptor function.59,60

Other factors implicated in the non-dipping pattern of hyperten-
sion in OSA patients include impaired endothelium-dependent vaso-
dilation,61,62 suppressed nitric oxide production,63,64 higher levels of
plasma asymmetric dimethylarginine (ADMA),65 oxidative stress,66,67

increased concentrations of endothelin-1,68 low-grade inflamma-
tion,69–71 and increased levels of circulating intercellular adhesion
molecule-1, vascular cell adhesion molecule-1 and L-selectin.72

BENEFITS OF OSA TREATMENT

The most common and highly efficient therapeutic procedure of
eliminating airway obstruction at night consists of use of a continuous
positive airway pressure (CPAP). In addition to the use of airway
assistance device, OSA therapeutic strategy comprises weight loss
(inclusive of bariatric surgery), upper airway surgical procedures,
use of mandibular protruding devices, avoidance of alcohol and
sedative hypnotics and sleep postural changes. In case of patients
with concomitant heart failure, treatment options include bilevel and
adaptive pressure support servoventilation.
Treatment with CPAP results in acute and marked reduction in

nocturnal sympathetic nerve traffic and blunts BP surges during sleep.
Long-term effective CPAP treatment has been shown to improve
nocturnal and daytime BP control.73–75 The beneficial effects of the
use of a CPAP appliance is especially evident in patients with more
severe OSA.76

CPAP therapy leads to beneficial neurohormonal changes that may
facilitate hypertension management. Long-term CPAP treatment
decreases neural sympathetic activity measured by microneurography
in otherwise healthy OSA patients.77 There is evidence that CPAP
therapy may reduce risk of incidence of fatal and non-fatal cardio-
vascular events in male OSA patients as compared with untreated OSA
patients.78

IMPLICATIONS FOR HYPERTENSION MANAGEMENT

Close link between OSA and hypertension has important implications
for cardiovascular prevention and treatment. OSA may contribute to
elevated levels of BP in a large proportion of hypertensives, and should
be strongly suspected in obese individuals with resistant hypertension,
especially in those with non-dipping pattern of BP. Already in 1997,
the 6th Report of the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure had
recommended OSA to be considered in patients with resistant
hypertension.79 The more recent seventh report from this Committee
has broadened their recommendations. According to the Seventh Joint
National Committee Report, all of the hypertensive patients with body
mass index above 27 kgm�2 should be thoroughly screened for the

Figure 3 Relative proportions of different pattern of hypertension (HT) using

clinical and ambulatory blood pressure measurements (ABPM) in newly

diagnosed obstructive sleep apnea patients. BP, blood pressure; NT,

normotension (from Baguet et al.,45 with permission).

Altered
autonomic control

Obstructive
sleep apnea

Cardiovascular
disease

BP elevation
(non-dipping pattern)

Figure 4 Mechanisms linking obstructive sleep apnea with cardiovascular

disease.

Non-dippers and sleep apnea
J Wolf et al

869

Hypertension Research



presence of sleep-disordered breathing.80 The 2007 European Society
of Hypertension and of the European Society of Cardiology guidelines
have also listed OSA as one of the most important causes of resistant
hypertension.81

CONCLUSIONS

BP response to sleep in OSA patients may be important in under-
standing the absence of nocturnal BP decrease in the subgroup of
hypertensive patients termed ‘non-dippers’. Even mild OSA can
increase nocturnal BP through different mechanisms including hypox-
emia, sympathetic activation, mechanical changes and disruption of
normal sleep. OSA can prevent the physiological decrease in BP and,
when severe, it can increase nocturnal BP compared with awake
values. Moreover, OSA increases BP variability during sleep, with
further potentiation of chronic stress on the vessel wall. OSA may be
an important factor in determining the increased cardiovascular risk
in hypertensive non-dippers. Effective treatment of OSA may attenu-
ate neurohumoral and metabolic abnormalities, improve BP control
and conceivably reduce cardiovascular risk.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
The authors are supported by European Union LSHM-CT-2006-037093

Ingenious grant, and by Foundation for Polish Science TEAM/2008-2/5 and

MISTRZ 8/2008 grants.

1 O’Brien E, Asmar R, Beilin L, Imai Y, Mallion JM, Mancia G, Mengden T, Myers M,

Padfield P, Palatini P, Parati G, Pickering T, Redon J, Staessen J, Stergiou G, Verdecchia

P, European Society of Hypertension Working Group on Blood Pressure Monitoring.

European Society of Hypertension recommendations for conventional, ambulatory and

home blood pressure measurement. J Hypertens 2003; 21: 821–848.
2 Mancia G, Di Rienzo M, Parati G. Ambulatory blood pressure monitoring use in

hypertension research and clinical practice. Hypertension 1993; 21: 510–524.
3 Pickering TG, James GD. Determinants and consequences of the diurnal rhythm of

blood pressure. Am J Hypertens 1993; 6: 166S–169S.
4 Staessen J, Bulpitt CJ, O’Brien E, Cox J, Fagard R, Stanton A, Thijs L, Van Hulle S,

Vyncke G, Amery A. The diurnal blood pressure profile: a population study. Am J

Hypertens 1992; 5: 386–392.
5 Parati G, Valentini M. Do we need out-of-office blood pressure in every patient? Curr

Opin Cardiol 2007; 22: 321–328.
6 Pickering TG, Shimbo D, Haas D. Ambulatory blood-pressure monitoring. N Engl J Med

2006; 354: 2368–2374.
7 Narkiewicz K, Winnicki M, Schroeder K, Phillips BG, Kato M, Cwalina E, Somers VK.

Relationship between muscle sympathetic nerve activity and diurnal blood pressure

profile. Hypertension 2002; 39: 168–172.
8 Grassi G, Bombelli M, Seravalle G, Dell’oro R, Quarti-Trevano F. Diurnal blood pressure

variation and sympathetic activity. Hypertens Res 2010; 33: 381–385.
9 Loredo JS, Nelesen R, Ancoli-Israel S, Dimsdale JE. Sleep quality and blood pressure

dipping in normal adults. Sleep 2004; 27: 1097–1103.
10 Staessen JA, Thijs L, Fagard R, O’Brien ET, Clement D, de Leeuw PW, Mancia G,

Nachev C, Palatini P, Parati G, Tuomilehto J, Webster J. Predicting cardiovascular risk

using conventional vs ambulatory blood pressure in older patients with systolic

hypertension. Systolic Hypertension in Europe Trial Investigators. JAMA 1999; 282:

539–546.
11 Sega R, Facchetti R, Bombelli M, Cesana G, Corrao G, Grassi G, Mancia G. Prognostic

value of ambulatory and home blood pressures compared with office blood pressure in

the general population: follow-up results from the Pressioni Arteriose Monitorate e Loro

Associazioni (PAMELA) study. Circulation 2005; 111: 1777–1783.
12 de la Sierra A, Redon J, Banegas JR, Segura J, Parati G, Gorostidi M, de la Cruz JJ,

Sobrino J, Llisterri JL, Alonso J, Vinyoles E, Pallarés V, Sarrı́a A, Aranda P, Ruilope LM,

Spanish Society of Hypertension Ambulatory Blood Pressure Monitoring Registry

Investigators. Prevalence and factors associated with circadian blood pressure patterns

in hypertensive patients. Hypertension 2009; 53: 466–472.
13 Palatini P, Penzo M, Racioppa A, Zugno E, Guzzardi G, Anaclerio M, Pessina AC.

Clinical relevance of nighttime blood pressure and of daytime blood pressure variability.

Arch Intern Med 1992; 152: 1855–1860.

14 Verdecchia P, Gatteschi C, Benemio G, Boldrini F, Guerreri M, Porcellati C. Circadian
blood pressure changes and left ventricular hypertrophy in essential hypertension.
Circulation 1990; 81: 528–536.

15 Verdecchia P, Schillaci G, Gatteschi C, Zampi I, Battistelli M, Bartoccini C, Porcellati C.
Blunted nocturnal fall in blood pressure in hypertensive women with future cardiovas-
cular morbid events. Circulation 1993; 88: 986–992.

16 Kario K, Matsuo T, Kobayashi H, Imiya M, Matsuo M, Shimada K. Relation between
nocturnal fall of blood pressure and silent cerbrovascular damage in elderly hyperten-
sives: advanced silent cerebrovascular damage in extreme-dippers. Hypertension
1996; 27: 130–135.

17 Pierdomenico SD, Bucci A, Constanini F, Lapena Cuccurullo F, Mezzetti A. Circadian
blood pressure changes and myocardial ischemia in hypertensive patients with coronary
artery disease. J Am Coll Cardiol 1998; 31: 1627–1634.

18 Kario K, Shimada K, Pickering TG. Abnormal nocturnal blood pressure falls in elderly
hypertension: clinical significance and determinants. J Cardiovasc Pharmacol 2003;
41(Suppl 1): S61–S66.

19 Parati G, Valentini M. Prognostic relevance of blood pressure variability. Hypertension
2006; 47: 137–138.

20 Ohkubo T, Hozawa A, Yamaguchi J, Kikuya M, Ohmori K, Michimata M, Matsubara M,
Hashimoto J, Hoshi H, Araki T, Tsuji I, Satoh H, Hisamichi S, Imai Y. Prognostic
significance of the nocturnal decline in blood pressure in individuals with and without
high 24-h blood pressure: the Ohasama study. J Hypertens 2002; 20: 2183–2189.

21 Kario K, Pickering TG, Matsuo T, Hoshide S, Schwartz JE, Shimada K. Stroke prognosis
and abnormal nocturnal blood pressure falls in older hypertensives. Hypertension
2000; 38: 852–857.

22 Metoki H, Ohkubo T, Kikuya M, Asayama K, Obara T, Hashimoto J, Totsune K, Hoshi H,
Satoh H, Imai Y. Prognostic significance for stroke of a morning pressure surge
and a nocturnal blood pressure decline: the Ohasama study. Hypertension 2006; 47:
149–154.

23 Eguchi K, Ishikawa J, Hoshide S, Pickering TG, Schwartz JE, Shimada K, Kario K.
Night time blood pressure variability is a strong predictor for cardiovascular events in
patients with type 2 diabetes. Am J Hypertens 2009; 22: 46–51.

24 Boggia J, Li Y, Thijs L, Hansen TW, Kikuya M, Björklund-Bodegård K, Richart T, Ohkubo
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