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Abstract. Obstructive sleep apnea-hypopnea syndrome (OSAHS) is a common sleep-related
breathing disorder that is associated with significant morbidity and mortality. It has received
increasing attention that neurocognitive deficits occur with a high frequency in OSAHS.
However, it is rarely known that OSAHS impacts on cognition in the elderly in whom an
increased prevalence of OSAHS is present. In this review we consider recent studies in the
association between OSAHS and cognitive impairments, with specific interest in the older
population. Firstly, we elucidate the characteristics of OSAHS and OSAHS-related cognitive
impairments in the older patients. Many studies have showed that the prevalence of OSAHS
increases with age and it is higher in the elderly than other population. Moreover, OSAHS is
associated with higher incidence of comorbidities and increased risk of clinical deterioration in
the elderly, especially the neurocognitive impairments which even can develop dementia.
Subsequently, we discuss the possible reasons of cognitive impairments that caused or
aggravated by OSAHS in the elderly. The intermittent hypoxia (IH)-related disturbances of
homeostasis such as oxidative stress, inflammation, and age-related changes such as the
changes of sleep architecture, the declined expression level of anti-aging gene, medical
comorbidities and polypharmacy, may be both contribute to the increased risk of cognitive
impairments in the older patients with OSAHS.

1 Introduction
OSAHS is a sleep-related breathing disorder characterized by repetitive episodes of airflow cessation
resulting in IH and sleep fragmentation which disrupts the sleep architecture and causes an overall
poor quality of sleep. Subsequently, daytime functioning is significantly impaired, including excessive
sleepiness, fatigue and mood problems [1]. Moreover, OSAHS is always accompanied by multisystem
diseases, such as hypertension, arrhythmia, ischemic stroke, diabetes mellitus and so on [2]. Therefore,
OSAHS and OSAHS-related multisystem injuries have attracted more and more attention, especially
a
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the neurocognitive impairments. A wide range of neurocognitive impairments have been identiﬁed in
OSAHS patients, from attention to memory and executive functions, someone even develop dementia
[3].
Recently, a study researched the relevance of sleep disordered breathing (SDB), hypoxia, and risk
of mild cognitive impairment (MCI) and dementia in older women [4]. It is a prospective study
performed in 298 older women without dementia, founding that 44.8% of women with SDB
developed MCI or dementia after a mean of 4.7 years of follow-up, compared to 31.1% of women
without SDB. After multivariate adjustments, the presence of SDB was still associated with increased
risk of developing subsequent MCI or dementia (odd ratio [OR]: 1.85; 95% confidence interval [CI]:
1.11-3.08). These results suggest that SDB is associated with increased risk of developing cognitive
impairments in the older women. It is noteworthy that what on earth the characteristics of OSAHS and
OSAHS-related cognitive impairments in the elderly are. In this review, we summarize the current
knowledge about characteristics of OSAHS and OSAHS-related neurocognitive impairments in the
elderly, and particularly discuss the possible reasons that increase the risk of developing
neurocognitive impairments in the older patients with OSAHS.

2 Characteristics of OSAHS in the elderly
2.1 Higher prevalence
OSAHS, the most common sleep apnea-hypopnea syndrome, can be suffered by population of all ages
including children, youth, middle-aged and old people. Although estimates of OSAHS prevalence
vary by age, sex, and diagnostic criteria, OSAHS tends to be more common in older adults. A higher
prevalence of OSAHS of 38% up to 63.7% was reported in the elderly [5-7], compared with the
middle-age adults whose prevalence of OSAHS ranged from 2% to 4% [8]. The prevalence of
OSAHS increases most proportionally with age. In a study performed in 1042 volunteers aged 20 to
80 years old, the prevalence of OSAHS of 20-29y, 30-39y, 40-49y, 50-59y, 60-69y, 70-80y was 7.4%,
24.2%, 37.7%, 49.2%, 60.2% and 86.9%, respectively. And the risk of OSAHS also increased with
age, reaching OR = 34.5 (95%CI=18.5-64.2, P < 0.001) for 60-80 years old compared with the 20-29
years old [9].
The higher prevalence of OSAHS in the elderly may be explained by changes in the anatomy or
function of the upper airway. The pharyngeal collapsibility is increased with age [10], and the
muscular endurance of upper airway is decreased in the elderly [11]. In addition, ventilatory control
instability [12] and disordered sleep structure [13], predisposed by sleep fragmentation and resultant
frequent shifts from sleep to arousal and vice versa, might contribute to the occurrence of OSAHS in
elderly.
2.2 Longer duration of apnea-hypopnea
It has been demonstrated that the apnea-hypopnea duration of OSAHS increases with age, and it is
longer in the elderly with OSAHS. One study reported that the duration of apnea-hypopnea events was
longer in the elderly compared to young and middle-aged OSAHS patients, and the age-related
changes were speculated to affect the long duration of apnea-hypopnea events in the older patients,
such as increased propensity for pharyngeal collapse, increased deposition of parapharyngeal fat and
decreased partial arterial pressure of oxygen [14]. The other study also found that the duration of
apnea-hypopnea events was longer in the older patients and it increased significantly with age [15].
The authors explained these findings by breakdown in sensing apnea-hypopnea events and reduction
in the stimulus triggering arousals in the older patients with OSAHS. These changes related to age
could be associated with the longer duration of apnea-hypopnea in the older patients with OSAHS, but
they require large studies.
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2.3 Severe multisystem injuries
OSAHS is associated with cardiovascular, cerebrovascular, metabolic, respiratory, digestive and
urinary diseases, resulting in multisystem injuries, especially in the elderly whose impairments are
more common and more severe.
OSAHS has been related to several cardiovascular comorbidities, such as ischemic heart disease,
congestive heart failure, cardiomyopathy and arrhythmias. The older patients with OSAHS have
higher risks of occurrence cardiovascular diseases, severe OSAHS even lead to cardiovascular death.
One study followed up 372 normotensive older subjects (mean age, 68.2y) 3 years, showed that an
AHI ≥ 30 per hour was independently related to incident arterial hypertension (P=0.02; OR=1.8; 95%
CI=1.1-2.8), which suggested that severe OSAHS was associated with new-onset arterial hypertension
in normotensive elderly [16]. Another study about the relevance between SDB and arrhythmias,
showed that complex ventricular ectopy was associated most strongly with OSAHS [17]. In a
prospective study performed in 939 elderly ( ≥ 65yr ), the fully adjusted hazard ratios for
cardiovascular mortality were 2.25 (CI=1.41-3.61) for the untreated severe OSAHS group, and 1.38
(CI=0.73-2.64) for the untreated mild to moderate OSAHS group when compared with the control
group [18]. These results suggest that severe OSAHS not treated is associated with rised risk of
cardiovascular death in the elderly.
In a retrospective cohort study performed in 250,907 patients hospitalized for pneumonia, 15,569
(6.2%) of patients were diagnosed with OSAHS, who had a higher prevalence of chronic pulmonary
disease when compared with who not with OSAHS (68% vs 47%). After adjustments for
demographics, comorbidities, admitting physician specialty, hospital type and the effects of clustering,
OSAHS was associated with a rised risk of transfer to intensive care (OR=1.54; 95% CI=1.42-1.68)
and intubation (OR=1.68; 95% CI=1.55-1.81) on or after the third hospital day [19]. Collectively,
these findings provide evidence to support the view that OSAHS increases the susceptibility to
respiratory disease, and hypoxia becomes more severe when OSAHS coexists with these diseases,
which increases the risk of clinical deterioration.
Evidences from population, clinic-based, and laboratory studies had indicated that OSAHS can
increase the risk of developing of insulin resistance, glucose intolerance and type 2 diabetes [20].
Moreover, OSAHS can contribute independently to the development of nocturia, and the frequency of
nocturia increases as the severity of OSAHS increase [21]. It is reported that OSAHS patients also
suffer from nocturnal gastroesophageal reflux and laryngopharyngeal reflux, which can lead to injury
of esophageal mucosal and ulcer [22]. In conclusion, multisystem diseases associated with OSAHS
can aggravate the damage that is related to ageing.

3 Characteristics of cognitive impairments in the elderly with OSAHS
3.1 High risk of occurrence
IH and sleep fragmentation, the major physiopathologic characteristic of OSAHS, can cause ischemia
and hypoxia of brain resulting in increased risk of cerebrovascular accidents, such as ischemic stroke
[23], brain infarction [24], mild cognitive impairment and dementia [4].
Multiple studies have been demonstrated that SDB is significantly associated with cognitive
impairments. In a study performed in 1389 community-dwelling individuals 60 to 70 years old [25],
10.8% of subjects of this older sample reported apnea during sleep, and 49.5% reported snoring. After
adjustments for age, gender, educational level, tobacco status, alcohol consumption, depressive
symptomatology and number of medications, logistic regression models showed that both snoring and
apnea were associated with low scores in the Digit Symbol Substitution Test (OR= 1.80, 95%
CI=1.09-2.99; OR=1.58, 95% CI=0.87-2.89, respectively), and in the Trail Making Test (OR=2.14,
95% CI=1.24-3.69; OR=1.88, 95% CI=1.04-3.39, respectively). This study indicated that SDB was a
risk factor for poor cognitive performance in tests requiring visual attention skills. Yaffe et al. [4] also
found that the adjusted OR for developing cognitive impairments was 1.85 (95% CI=1.11-3.08) in
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older women with SDB. All these findings suggest that SDB is associated with a rised risk of
developing cognitive impairments in elderly.
3.2 Severe cognitive impairments
OSAHS-related cognitive impairments in the elderly are more severe, which are reflected by poor
performance in cognitive tests and changes of brain structure. A study comparing the cognitive
performance in attention-alertness tests among subjects of different ages, showed that the older
patients had poor performance compared with their age-matched controls, while young patients’
cognitive performance was similar to their age-matched controls [26]. These findings suggest that
cognitive dysfunctions of OSAHS patients are age dependent. Ayalon et al. [27] also showed that
older patients had poor performance for immediate word recall and slower reaction time during
sustained attention in comparison with older controls, young patients and young controls, and detected
a decreased activation of the frontal gyrus, hippocampus and parietal lobe during the tasks by
functional magnetic resonance imaging. These results are supported by studies that used structural and
functional neuroimaging to examine the brain regions affected in patients with OSAHS with cognitive
impairments.
3.3 More underlying diseases
It is common that the elderly have more underlying diseases, such as chronic obstructive pulmonary
disease (COPD), coronary heart disease and heart failure, which can worsen ischemia/hypoxia of
OSAHS patients, and increase the risk of cognitive deficits in the older patients. For example, the
occurrence of both COPD and OSAHS in an individual patient has been described as “overlap
syndrome”, which has a high risk for comorbidities, such as arterial hypertension and diabetes [28].

4 Possible reasons of cognitive impairments that caused or aggravated
by OSAHS in the elderly
4.1 Oxidative stress
IH is now being recognized as a main factor of contributing to occurrence of OSAHS-related
comorbidities. IH promotes oxidative stress by increasing production of reactive oxygen species (ROS)
which is associated with cell damage and apoptosis. It has led to the hypothesis that oxidative stress
induced by IH is associated with neurocognitive impairments in patients with OSAHS. Xu et al. [29]
developed chronic intermittent hypoxia (CIH) mouse model to study the mechanisms of CIHmediated brain cortical neuronal cell damage. They detected significant increase of ROS level and
oxidative stress response markers (c-Fos, c-Jun and NF-κB) in brain cortex of mice exposured to CIH.
Moreover, CIH induced caspase-3 activation in cortical neuronal cell. However, transgenic mice,
overexpressing Cu,Zn-superoxide dismutase exposed to CIH, had a low level of ROS and reduced
neuronal apoptosis in brain cortex. These results demonstrated that increased level of ROS was
associated with neuronal cell damage. The other study also demonstrated that antioxidants
intervention can prevent CIH-induced decline in spatial learning during the Morris water maze as well
as CIH-induced decrease in superoxide dismutase levels [30]. Taken together, all of these findings
indicate that CIH-mediated increased ROS production and subsequently oxidative stress propagation
contribute, at least partially, to neuronal apoptosis and neurocognitive impairments.
4.2 Inflammation
Recently, lots of studies have showed that OSAHS patients have increased plasma markers of
systemic inflammation, and IH is also associated with increased levels of inflammatory cytokines,
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adhesion molecules, and activation of circulating neutrophils in IH rodent model. One study explored
the association between OSAHS and inflammation through measured the activity of NF-κB by
electrophoreticmobility shift assay, and the concentration of soluble E (sE)-selectin and soluble
vascular cell adhesion molecule-1 (Svcam-1) by enzyme-linked immunosorbent assay in OSAHS
patients and control subjects [31]. They found that the activity of NF-κB and the concentration of sEselectin and Svcam-1 were higher in OSAHS patients than control subjects. Another study also
identified a strong association between OSAHS and increased levels of TNF-α and IL-8 [32]. And
these inflammatory markers were reduced after continuous positive airway pressure (CPAP) therapy.
What's more, it was demonstrated that IH caused low-grade neuroinflammation in the hippocampus of
mice, including early but transient elevation of cytokine (IL-1β and RANTES/CCL5), and delayed but
long-term changes of microglia which are major inflammatory cells in the central nervous system [33].
Peripheral cytokines, which can penetrate the blood-brain barrier directly via active transport
mechanisms or indirectly via vagal nerve stimulation, combine with central cytokines cause
endothelial dysfunction and aggravate brain damage [34]. These results suggest that IH-mediated
inflammation is associated with neurocognitive deficits.
4.3 Changes of sleep architecture
Sleep architecture underwent signiﬁcant alterations throughout the aging process in the general
population. In other words, sleep architecture, especially the sleep-wake cycle, changes significantly
in the elderly, which include the decrease of total sleep time, sleep efﬁciency, percentage of rapid eye
movement (REM) sleep and slow wave sleep, and the increase of WASO (night-time spent awake
after sleep onset), arousal index, sleep latency, REM sleep latency and the percentage of stages 1 and
2 [35]. It is noteworthy that OSAHS causes REM sleep fragmentation, while REM sleep may play a
major role in selective emotional memory processing and recalibrating the brain’s responses to
emotional events [36]. REM sleep disturbance caused by OSAHS may affect the cognitive functions
through the emotional disturbance. Moreover, slow wave activity (SWA) during the non-REM has
been postulated to play a role in the abstraction of rules and the integration of knowledge into existing
schemas [37], while OSAHS decreases or fragments causes slow wave sleep. Thus, OSAHS can cause
the cognitive impairments through such effects on SWA during the non-REM stages. From the above
results, we can speculate that sleep stage dysfunction and fragmentation may play an important role in
the development of cognitive impairments in the older patients with OSAHS.
4.4 Anti-aging gene
Some of diseases are more common in the elderly, such as coronary heart disease, heart failure, stroke
and so on, whose common pathophysiological characteristic is ischemia/hypoxia. This phenomenon
indicates that the older people have unique vulnerability to ischemia/hypoxia. Moreover, the increased
susceptibility to IH in aging rats was also demonstrated through developing IH model [38]. Anti-aging
genes, such as sirtuin 1 (Sirt1), Klotho and so on, decrease with age, and they are declined in
ischemic/hypoxic diseases. Collectively, all theses findings suggest that vulnerability of the older
people to ischemia/hypoxia may be associated with declined expression of anti-aging gene.
Sirt1, the mammalian NAD+-dependent histone deacetylase, is involved in the regulation of
different cellular processes, ranging from cell cycle, metabolism, and apoptosis to the cellular
energy and redox status. It has been demonstrated that the expression level of Sirt1 decreases with age
[39], and low level of Sirt1 is associated with increased susceptibility to ischemic/hypoxic diseases
[40]. Shinji et al. detected the expression of Sirt1 mRNA and serum cystatin C, and prevalence of
mutations in mitochondrial DNA in young mice and aged mice, respectively [41]. The result showed
that the expression of Sirt1 was reduced in aged mice, which was linked to age-associated kidney
dysfunction and mitochondrial oxidative damage. However, after long-term calorie restriction, the
expression level of Sirt1 was increased, and kidney dysfunction and mitochondrial oxidative damage
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were attenuated. Collectively, these findings indicate that the susceptibility of the elderly to hypoxia is
associated with decreased level of Sirt1.
As a recently discovered anti-aging gene, Klotho was originally identified in a mutant mouse that
exhibited multiple disorders resembling human premature-aging syndrome, including shortened life
span, arteriosclerosis, skin atrophy, osteoporosis and emphysema [42]. Yamamoto et al. detected the
urinary 8-hydroxydeoxyguanosine (8-OHdG, a biological marker of in vivo oxidative DNA damage)
of Klotho-overexpressing transgenic mice and wild-type mice, and found that the average urinary 8OHdG excretion in transgenic mice was one-half of that in wild-type mice [43]. Furthermore, the
authors found that the transgenic mice survived a challenge with a lethal dose of paraquat significantly
longer than wild-type mice. All these results indicate that Klotho can increase resistance to oxidative
stress.
The declined expression level of anti-aging gene is not only associated with increased
susceptibility to ischemic/hypoxic diseases, but also related to cognitive impairments. Michán et al.
detected that Sirt1 was expressed in hippocampal neurons by using a mouse specific anti-Sirt1
antibody [44]. Then they found that Sirt1 knockout mice exhibited poor cognitive performance,
including immediate memory, classical conditioning and spatial learning. These findings suggest that
Sirt1 plays an important role in maintaining normal learning, memory and synaptic plasticity.
Recently, it also has been demonstrated that Klotho can increase the expression of erythropoietin
receptor (EpoR) in neuronal cell and enhance Epo-mediated neuroprotection [45].
Based on above findings, we speculate that the more frequent and more severe OSAHS-related
cognitive deficits in the elderly may be associated with the declined expression level of anti-aging
gene.
4.5 Others
Some diseases that are common in the elderly, such as obesity, hypertension, diabetes, are both
connected with increased risk of OSAHS and cognitive impairments. The relationship between
obesity and OSAHS is bidirectional, that is, obesity and OSAHS reinforce each other [46]. In a study
aimed to evaluate the impact of obesity on cognition of patients with OSAHS, the Total intelligence
quotient and the Performance intelligence quotient scores were significantly lower in obese OSAHS
patients with poor performance on cognitive tests, compared to OSAHS patients and normal controls
[47]. These results suggest that obesity has a synergic and additive action with that exerted by OSAHS,
aggravating the cognitive impairments. The effects of hypertension on cognition and OSAHS are
similar to the impacts of obesity, which interact with OSAHS and both are related to cognitive
impairments. It also has been found that both OSAHS and hypertension are associated with worse
auditory verbal memory and executive function in the elderly [48]. The coexistence of many diseases
can increase risk of underlying OSAHS and aggravate cognitive impairments, which provide further
support to the hypothesis that medical comorbidities may play an important role in the occurrence of
cognitive impairments in older patients with OSAHS.
Since the multisystem diseases are common in the elderly, so polypharmacy has become common
in the elderly who are more likely to develop cognitive impairments associated with medications.
Psychoactive drugs, antidepressants and anticonvulsants can lead to dementia and delirium. Moreover,
non-psychoactive drugs, such as antibiotics, cardiac medications and histamine H2 receptor
antagonists may lead to acute or chronic cognitive impairments [49]. It is noteworthy that certain
medications can worsen underlying OSAHS. For example, the patients who taken atypical
antipsychotics (AAs) had significantly elevated OR compared with the patients who didn’t take AAs
(4.5 vs 1.9) [50]. The impact of OSAHS on cognition is greater in the elderly than in other OSAHS
populations may be associated with polypharmacy, but it requires large studies to delineate.
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5 Conclusion
The presence of OSAHS is higher in the elderly. And the damage of nervous system, especially
cognitive impairments, is more frequent and more severe in the older patients. However, the
effectiveness of treatments of OSAHS and OSAHS-related cognitive impairments is little known in
the older patients. So the study of pathogenesis of OSAHS and OSAHS-related cognitive impairments
is of great significance for clinical treatment in the older patients. IH-related disturbance of
homeostasis and age-related changes may provide more space for the exploration of new treatments in
the elderly who have OSAHS. But these mechanisms described above of cognitive impairments
induced by OSAHS in the elderly are unclear. Further studies are needed to determine the correlation
between OSAHS and cognitive impairments, which might accelerate the development of therapeutic
interventions in OSAHS and OSAHS-related cognitive impairments in the elderly.
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