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Objective: The primary objective of the present cross-sectional study is to evaluate the semantic language abilities of patients with Obstructive Sleep Apnea Syndrome (OSAS) compared to normative data. Secondary objectives are to examine the effects of OSAS comorbidities on language test performance.

Method: 118 adult patients suffering from OSAS were assessed using standardized tests (Boston Naming Test, the Peabody Picture Vocabulary Test and the Verbal Fluency Test).

Results: Compared to normative standards, the OSAS group (age and education adjusted mean) scored significantly lower on all tests (p < 0.01). The OSAS group also included a significantly higher percentage of persons scoring below the 5th percentile of the normative distribution on the four tests (p < 0.01). The Apnea/Hypopnea Index, O2 Desaturation index, SaO2 <85% (min) and SaO2 <75% (min) were significantly associated with language test scores (p < 0.05). Moreover, higher Apnea–Hypopnea Index score and night-time oxygen desaturation were associated with reduced phonemic and semantic fluency performance only among patients with a history of hypertension and hypercholesterolemia (p < 0.05). The moderating effect of diabetes and cardiovascular disease on the association between OSAS severity indices and test scores did not reach significance (p > 0.6).

Conclusions: Results suggest that the severity of semantic language impairments in patients with OSAS is associated with the severity of the disease and intensified by common medical comorbidities (hypertension and hypercholesterolemia).
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INTRODUCTION

Obstructive Sleep Apnea Syndrome (OSAS) is a common sleep-related breathing disorder affecting 5% of the general population (1). OSAS is characterized by periodic complete or partial cessation of breathing while sleeping. These recurrent events of breathing result in fragmented sleep due to increased sleep arousals that terminate the apneic episodes and in recurrent hypoxemia (reductions in hemoglobin oxygen levels) due to upper airway obstruction (2). OSAS has been known to be associated with comorbid diseases such as cardiovascular system diseases and metabolic diseases. Furthermore, patients with OSAS may show reduced performance on a wide range of cognitive functions such as attention, memory and executive function (3–5).

Few studies have examined language abilities in patients with OSAS, and the majority of those studies used only the phonemic and semantic verbal fluency tests, which require initiation and shifting skills, intact semantic memory and effective search processes (6).

For instance, Lim et al. reported verbal fluency scores in the impaired range in 30.4% of severe OSAS patients (7). Ferini-Strambi et al. found that phonemic fluency performance in OSAS patients was significantly poorer than healthy controls. However, this was not observed in the semantic fluency task. Moreover, it has been found that the phonemic fluency test significantly correlated with the duration of oxygen desaturation (8). On the other hand, Twigg et al. found that the performance of patients with moderate OSAS was similar to healthy controls on both semantic and phonemic verbal fluency tests (9). Torelli et al. also found that 16 patients with moderate-severe OSAS performed similarly to a healthy control group on measures of phonemic and semantic verbal fluency (10, 11). However, common non-surgical treatment for OSAS (Continuous Positive Airway Pressure therapy; CPAP) for as little as 15 days has been found to improve semantic verbal fluency performance at least in patients with severe OSAS (7, 8).

The literature is equivocal regarding the relative importance of hypoxemia (12) and sleep fragmentation (7, 13, 14) as causes of neurocognitive deficits in OSAS (15). Importantly, little is known regarding the contribution of comorbidities such as hypertension and diabetes, which are known risk factors for cognitive decline (16), on the severity of cognitive impairment in OSAS. The present study addresses this gap in the literature, by assessing a wide range of language abilities (semantic-category and phonemic verbal fluency, receptive vocabulary and confrontational naming) in a large sample of middle-aged adults with OSAS. In addition, the impact of hypoxemia, fragmented sleep, and medical comorbidities (hypertension, diabetes, hypercholesterolemia, cardiovascular diseases) on language test performance was examined. We hypothesized that patients with OSAS would display reduced performance compared to expectations for age and education level and that there would be a correlational link between OSAS characteristics and language tasks.



METHODS


Participants

The sample included 118 OSAS patients aged 50–69 years (90 men and 28 women) with 10.35 ± 4.15 years of education (range: 1–20 years). The patients were recruited over a period of 2 years at the Pulmonary Department, University Hospital of Larisa, Greece (see Table 1 for demographic and clinical characteristics of the sample). They were referred for an overnight sleep study to investigate daytime and nocturnal symptoms of sleep disorder, such as daytime somnolence, non-refreshing sleep, insomnia, snoring and other signs of sleep apnea. All patients were native speakers of Greek and resided in central Greece. Inclusion criteria were the following: (a) diagnosis of OSAS as indicated by an Apnea Hypopnea Index (AHI) score >5/h, (b) no previous treatment for apnea, (c) no other diagnosable sleep disorder, (d) absence of global cognitive impairment as indicated by a Mini Mental State Examination score <24 points), and (e) no history of head injury, cerebral ischemia, encephalitis, or psychiatric disorders including Attention Deficit Hyperactivity Disorder (ADHD), alcohol and drug abuse.


Table 1. Demographic and clinical characteristics of OSAS patients.
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The Epworth Sleepiness Scale (ESS) was used to evaluate the presence and severity of daytime sleepiness in daily life. Among OSAS patients, 51.7% scored ≥8 points indicating excessive daytime sleepiness (17). Since high blood pressure, hypercholesterolemia, cardiovascular disease and diabetes are common features of OSAS, patients whose comorbid conditions were well controlled with medications were included. The distribution of patients to OSAS severity grades according to AHI score criteria (2) were as follows: mild OSAS (AHI ≥ 5 but <15; n = 36), moderate OSAS (AHI = 15–30; n = 24), and severe OSAS (AHI ≥ 30; n = 58).

A comparison group of 174 adults (70.7% men and 29.3% women) aged 50–69 years (mean age = 58.60 [SD = 5.30] years) with 10.80 [SD = 4.40] years of formal education were selected from the Greek normative sample for the language tasks employed in the present study to match the OSAS group on gender, age and education level (p > 0.2) (18). All participants in the normative sample were screened for common medical comorbidities, and those reporting diagnosed OSAS or other sleep disorder were not included in the comparison group. The comparison sample was formed in the following steps: (i) Selection of participants with age and education within the corresponding ranges of the patient group, (ii) Selection of 100 random subsamples from this reduced normative group bearing the same male/female ratio as the patient group, (iii) Step ii was repeated 10 times by increasing subsample size in steps of 10 (range: 114 to 204 persons), (iii) The deviation of each subsample from the patient group on age and education, combined, was quantified using the mean square error metric, which served as the criterion for selecting the subsample that most closely matched the patient group on demographics. The study was approved by the University Hospital of Larisa Ethics Committee and all subjects gave their informed consent prior to their participation.



Materials and Procedure

Neurocognitive testing was conducted in a single session, 1–2 days following the night sleep study, between 9:00 and 14:00. Testing lasted between 30 and 60 min and participants were allowed to take breaks in order to minimize fatigue. The tests were administered in the same order to all participants and by the same examiner.

Confrontation naming was assessed using the Greek short version of the Boston Naming Test (BNT) consisting of monochrome drawings of 45 common objects. Performance on this test requires recognition of the depicted object, retrieval and verbal production of the lexical entity associated with it. Access to associated semantic representations is assumed to take place automatically although, in principle, it is not required for task performance (18). In the original validation study, there was excellent concordance between the short and extended versions of the BNT (r = 0.94), and very good internal consistency (Cronbach's α = 0.85) and 2-week test-retest reliability (r = 0.83) (18).

Receptive vocabulary (availability of lexical representations for noun, adjective, and verb concepts) was assessed using the Greek adaptation of the Peabody Picture Vocabulary Test-R (PPVT-R) consisting of 32 plates in its short version. Each stimulus plate presents four gray-scale drawings and the examinee is asked to point to the one that best-matches a word spoken by the examiner. Due to the special response requirements of the task, it is reasonable to expect that perceptual organization and decision-making ability may account for a certain amount of individual variability in performance (18). In the original validation study, there was excellent concordance between the short and extended versions of the PPVT (r = 0.91) as well as internal consistency (Cronbach's α = 0.84) and two-week test-retest reliability (r = 0.86) (18).

Finally, rapid access to stored lexical representations was assessed using two-word generation tasks (6). In the Semantic Verbal Fluency task participants were asked to produce words belonging to each of the following three semantic categories: animals, fruits and items. In the Phonemic Verbal Fluency task participants were asked to produce words beginning with each of the following Greek letters: X (Chi), S (Sigma), and A (Alpha). Despite some commonalities, these two tasks require different cognitive processes. Adequate semantic fluency requires intact semantic memory stores and effective search processes. In contrast, phonemic fluency is less dependent on memory stores, and more dependent on effective initiation and shifting skills. Both fluency tasks are timed and participants are encouraged to generate words as fast as they can within the allocated time-limit (60 sec per category or letter). Two-week, test-retest reliability of the Phonemic subtest was 0.86 and 0.83 for the semantic subtest in a small sample of cognitively intact elders (n = 19, mean age: 66.0, SD = 7.1 years) (19).

Raw scores on language tests were converted to age and education-adjusted standard (z) scores based on normative data (6, 18). Z scores < −1.645 were considered as indicating deficient performance, corresponding to the 5th percentile of the normal distribution of the normative sample.

Nocturnal polysomnography was carried out at the University Hospital of Larisa Sleep Lab from 23:00 to 07:00, employing EEG, electro-oculography, electromyography and electrocardiography for conventional sleep staging by a certified technician. The Alice Respironics v. 2.8.78 software was used for data acquisition. Sleep structure was analyzed through visual scoring, following the standard procedure (20) and the criteria for EEG arousals defined by the American Sleep Disorders Association (21). Respiratory events were scored according to the criteria of the American Academy of Sleep Medicine (2). Thoracoabdominal respiratory movements were recorded by strain gauges, nasal airflow by nasal cannula, snoring by tracheal microphone and oxygen saturation by finger pulse oximeter. A decrease in oxygen saturation of 3% or more from the baseline level was regarded as clinically significant. Episodes of apnea were defined as complete cessations of airflow for 10 s or more, and episodes of hypopnea as decreases in nasal airflow of more than 50%, and lasting for at least 10 s, accompanied by desaturations ≥3% or microarousals.

The following parameters computed from the overnight polysomnographic recordings were considered as objective complementary measures of sleep quantity and quality (total sleep time, percentage of time spent in sleep stages (1 + 2) and (3 + 4), REM sleep, number of awakenings) and night-time blood oxygenation (total number of desaturation per hour of sleep, duration of desaturation per hour of sleep in min, mean arterial oxygen levels during sleep and during AHI episodes, percentage of sleep with SaO2 below 75–95%). An overall index of OSAS severity was also computed in the form of the AHI. Night sleep quality was further computed in the form of sleep efficiency (%), sleep arousal, and proportion of sleep in stage 1.

Common medical comorbidities (hypertension, hypercholesterolemia, cardiovascular disease, diabetes) were also recorded (see Table 1). Illness duration was not recorded since obstructive sleep apnea symptoms generally begin insidiously and are often present for years before patients are referred for evaluation.



Analyses

Data were analyzed using IBM SPSS statistics 21 and Minitab 17.0. Results are given as mean ± standard deviation (SD). After a descriptive analysis of the samples' characteristics (sociodemographic and clinical date) the following analyses were performed: Z scores were calculated for the neuropsychological test for which normative data were available (controlling for gender, age and education). Higher Z scores indicate better performance. Scores below the 5th percentile of the normative distribution were considered as indicating deficient performance.

The degree of deviation of language test scores from the corresponding means of the comparison sample was examined through two-tailed, independent-sample t-tests, while differences between the patient and comparison group in the percentage of scores in the deficient range was assessed using the X2 test of proportions. The nominal alpha level was set to 0.0125 to correct for the four comparisons performed on each test.

The association between polysomnographic parameters and language test scores was assessed through linear multiple regressions. Preliminary analyses indicated significant positive skewness (as indicated by significant Kolmogorov-Smirnov tests) for AI, O2 desaturation index, desaturation durations, and average nocturnal and apnea episode saturation. Accordingly, these variables were log-transformed prior to entering into the moderated regression models. In separate models, the additive effect of medical comorbidities on these associations was examined through moderated regression analyses, using PROCESS, a freely available computational tool for SPSS v. 20 (22). Age, gender, education, and Epworth Sleepiness Scale total score were included as covariates in the models. The p value in assessing statistical significance was set to 0.05.




RESULTS

Although average age and education-adjusted scores of OSAS patients were within the normal range (i.e., no more than 1 SD below the population mean), these were significantly lower than the comparison group on all language tests (p < 0.002). In particular, mean scores of OSAS patients were Z = −0.44 on BNT, Z = −0.63 on PPVT-R, Z = −0.63 on Semantic verbal fluency and Z = −0.64 on Phonemic verbal fluency. Moreover, the percentage of OSAS patients scoring at least 1.645 SDs below the population mean was 13.6% on semantic verbal fluency, 16.9% on phonemic verbal fluency and 13.6% on PPVT-R. The above-mentioned percentages were significantly higher among patients than the comparison group (p < 0.001; see Table 2), where only a small percentage of the participants (i.e., no more than 3.5% of the sample) scored below the 5th percentile of the normative distribution. There was no significant difference on BNT between percentage of OSAS patients (7.6%) and normative participants (4.6%) with deficient scores.


Table 2. Performance of OSAS patients and comparison group on language tests.
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Given the relatively small size of the moderate OSAS severity group, the mild (n = 36) and moderate severity groups (n = 24) were lumped together (in preliminary comparisons the two groups displayed largely comparable language scores, p > 0.3). Controlling for demographics and ESS score, the subgroup of patients displaying severe OSAS (n = 58) performed marginally lower than the mild/moderate severity subgroup (n = 60) on phonemic verbal fluency [z = −0.46, SD = 1.01 vs. z = −0.81, SD = 0.86, respectively; F (1,115) = 3.25, p = 0.07]. The severe-OSAS group scored slightly lower than the mild-moderate OSAS group on PPVT-R (z = −0.52, SD = 0.90 vs. z = −0.72, SD = 0.92), BNT (z = −0.38, SD = 0.81 vs. z = −0.49, SD = 0.97), and semantic verbal fluency (z = −0.59, SD = 0.85 vs. z = −0.67, SD = 0.90), but these differences did not approach significance (p > 0.2).

The overall effect of each polysomnographic parameter on language scores failed to reach significance (p > 0.1) in models that included age, education, gender, and ESS score as covariates. However, in exploratory multiple regression analyses that did not control for ESS, the effect of sleep parameters, related to hypoxemia, on phonemic verbal fluency scores were significant: Apnea/Hypopnea Index (B = −0.83, p = 0.025), O2 Desaturation index (B = −0.062, p = 0.039), SaO2 <85% (min) (B = −0.065, p = 0.048), and SaO2 <75% (min) (B = −0.329, p = −0.038). Objective sleep quantity and quality measures (duration of sleep stages, number of awakenings) did not approach significance (p > 0.2).

Finally, moderated regression models were computed to assess the combined effect of sleep disturbances and cardiovascular risk factors on language scores among OSAS patients, controlling for age, education, gender, and ESS score. Results, displayed in Table 3, reveal that the association between OSAS severity (as indexed by AHI and O2 DI) and performance on both verbal fluency tests was moderated by hypertension and hypercholesterolemia. Specifically, the negative effect of AHI on both phonemic and semantic verbal fluency test scores reached significance only among OSAS patients who also presented with either comorbid condition. In addition, the negative effect of O2 DI on semantic verbal fluency scores was significant only when combined with hypertension and hypercholesterolemia. Interaction terms involving diabetes and cardiovascular disease did not reach significance (p > 0.6).


Table 3. Unstandardized regression coefficients of OSAS severity and medical comorbidities on verbal fluency test scores.

[image: Table 3]



DISCUSSION AND CONCLUSION

The present sample of middle-aged OSAS patients scored significantly lower on language tasks, assessing availability and efficiency of access/retrieval of lexical-semantic representations, than expected based on their demographic characteristics. This finding extends previous reports focusing exclusively on verbal fluency tasks (3) to suggest that performance on untimed lexical-semantic tasks may also be affected in OSAS. Notably, the percentage of patients scoring within the deficient range on verbal fluency tasks (13–17%) was close to that reported in a previous study (7).

The cross-sectional nature of the present study notwithstanding, we found some evidence for a correlational relationship between OSAS characteristics and language performance, which was restricted to verbal fluency tasks. Our findings support earlier conclusions regarding the importance of night-time hypoxemia as a key contributor to verbal fluency deficits in OSAS (10) and failed to demonstrate direct associations between verbal fluency performance and sleep characteristics, such as sleep fragmentation and frequent arousals (13, 14). Importantly, the effects were accounted for by specific insomnia symptoms, namely excessive daytime sleepiness. To the extent that daytime somnolence may affect attention capacity, the present results are consistent with the possibility that hypoxia during sleep could affect daytime vigilance, attention capacity and secondarily reduce performance on timed language tests. It should also be noted that the present study was not designed to address the pathophysiological substrate of language impairment, which may involve a wide range of, potentially interrelated, processes such as microvascular cerebral pathology (3), and changes in systemic hemodynamics and inflammation (23).

Importantly, the degree of the (negative) association between OSAS severity, as indexed by AHI and average night-time O2 saturation, and both verbal fluency tasks was moderated by the presence of two common medical comorbidities: hypertension and hypercholesterolemia. Specifically, higher AHI scores and night-time desaturation were associated with reduced phonemic and semantic fluency performance only among patients with a history of each of the two comorbid conditions. These effects persisted after controlling for daytime sleepiness. Although presence of either condition alone did not correlate with verbal fluency performance, hypertension or hypercholesterolemia combined with OSAS appeared to correlate significantly more strongly with reduced verbal fluency.

The present results suggest an additive effect of cardiovascular risk factors and sleep apnea/sleep hypoxia on performance on timed language tests. It is not uncommon to find weak total effects of cardiovascular risk factors on cognitive task performance especially on less demanding tasks that do not depend heavily upon working memory, episodic memory, and attention capacity (24–26). Moreover, although we did not assess the duration and severity of cardiovascular risk factors, a weak effect may be explained by a short duration and low degree of cardiovascular risk factors in the group of the middle-aged patients (27). In addition, there is some evidence of a U-shaped effect of cholesterol levels on cognitive task performance, in which optimal concentrations are associated with higher performance, whereas overly high or low concentrations are associated with lower scores (28). More importantly, hypertension and hypercholesterolemia were well controlled with medications in the great majority of OSAS patients in our study and there is data to suggest that treatment of these risk factors for vascular disease may prevent further cognitive deterioration (29–31).

Performance on both verbal fluency tasks was significantly related to OSAS severity (as indicated by the Apnea/Hypopnea Index) and hypoxemia. Therefore, the putative impact of OSAS on verbal fluency may not be attributed to the disruption of processes shared by the remaining two verbal tasks administered in the present study, namely availability of lexical-semantic representations (as indexed by PPVT-R and BNT) and retrieval of phonological representations (as indexed by BNT). Likely candidate processes accounting for reduced performance in the verbal fluency tasks used in the present study include (a) A general disruption of processing speed given that performance on both verbal fluency tasks is time-dependent, and (b) A more selective disruption of the efficient organization of lexical-semantic networks (as implied by reduced performance on PPVT-R and BNT), affecting efficient retrieval of stored representations, which becomes more pronounced under time-pressure.

It is difficult to speculate on the factors related to previous unsuccessful attempts to establish language impairment in OSAS patients (8, 11). The present results highlight a few relevant factors. First, the effect size of the putative impairment is small, considering that average performance of OSAS patients on all language tasks remained within normal range. Therefore, effects may be statistically undetectable with small sample sizes. Secondly, the impact of OSAS on language abilities may have been obscured by systematic individual differences in patient health characteristics, which were not included in the analyses as explanatory variables. In addition, since obstructive sleep apnea symptoms are often present for years before the syndrome is diagnosed, it is difficult to assess if the chronicity of illness may mediate the relationship with cognitive functioning.

Our study has several limitations. Thus, the participants of the normative group were not assessed for possible obstructive sleep apnea symptoms and therefore latent OSAS patients might have been included in the normative group. However, this misclassification would have led to smaller group differences rather than contributing to false positive results. A second potential limitation concerns the mediating role of attention difficulties in the association between OSAS and language performance. Such difficulties may be related, among other conditions, to (a) undiagnosed ADHD or subclinical ADHD-type symptoms which were not assessed formally in our study, and (b) to the direct effects of OSAS on attention capacity. In this context it is important to note that the duration of the assessment session was kept short by design (40–60 min) in order to prevent fatigue and diminishing motivation (32).

Moreover, to the extent that the common symptom of excessive daytime sleepiness (EDS) may be used as an adverse effect of OSAS on attention capacity, we conducted supplementary analyses to evaluate this possibility. Results showed that scores on the Epworth Sleepiness Scale accounted for very little variance on untimed tests (3.7 and 1.5% on age- and education-adjusted PPVT and BNT scores, respectively), and a modest amount of variance of verbal fluency tests (6.4 and 10.8% on age- and education-adjusted semantic and phonetic verbal fluency tests, respectively). Accordingly, EDS was included as an additional covariate in all the regression analyses reported in the present work. Future studies should address the potential mediating effect of attention capacity on the impact of OSAS on verbal-semantic abilities.

Lastly, the cross-sectional nature of the study does not permit drawing conclusions regarding the long-term effects of OSAS on language performance, which would require a longitudinal, prospective study.

In conclusion, OSAS may affect language abilities, and especially those that involve efficient retrieval of lexical - semantic representations. Overall severity of the disorder and night-time O2 levels emerged as the most important correlates of verbal fluency performance. Our data support the clinical value of neurocognitive evaluation in OSAS patients. Moreover, highlight the significance of a history of obstructive sleep apnea when evaluating patients with memory and language deficits. Finally, the finding that the effect of OSAS was moderated by the medical comorbidities of hypertension and hypercholesterolemia, which are common in this disorder, is an excellent demonstration of the complexities of diagnostic work.
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