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Association between Sleep Patterns and Health in Families with Exceptional Longevity
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Background: Sleep patterns such as longer sleep duration or napping are associated with poor health outcomes. Although centenarians and their offspring demonstrate a delayed onset of age-related diseases, it is not known whether they have healthier sleep patterns or are protected against the negative effects of sleep disturbances.

Methods: Data on sleep patterns and health history were collected from Ashkenazi Jewish subjects of the Longevity Genes Project using standardized questionnaires. Participants included individuals with exceptional longevity (centenarians) with preserved cognition (n = 348, median age 97 years), their offspring (n = 513, median age 69 years), and controls (n = 199) age-matched to the offspring. Centenarians reported on their sleep patterns at age 70, while the offspring and controls on their current sleep patterns. Biochemical parameters were measured at baseline. Models were adjusted for age, sex, BMI, and use of sleep medication.

Results: The offspring and controls reported similar sleep patterns, with 33% sleeping ≥8 h and 17% napping in each group. At age 70, centenarians were more likely to have slept ≥8 h (55%) and to have napped (28%) compared with offspring and controls, p < 0.01. Among centenarians, no association was noted between sleep patterns and health outcomes. Sleeping for ≥8 h was associated with lower high-density lipoprotein cholesterol levels in the offspring and controls, and with insulin resistance in the offspring, but not with diabetes. Napping was associated with insulin resistance among the controls (p < 0.01), but not the offspring. Controls, but not offspring, who napped were 2.79 times more likely to have one or more of the following diseases: hypertension, myocardial infarction, stroke, or diabetes (OR 2.79, 95% CI 1.08–7.21, p = 0.04).

Conclusion: Despite being more likely to exhibit risky sleep patterns at age 70 compared with the offspring and controls, the centenarians were protected from age-related morbidities. The offspring of centenarians did exhibit metabolic disturbances in association with less healthy sleep patterns; however, unlike the controls, they were much less likely to manifest age-related diseases. This suggests that offspring may have inherited resilience genotypes from their centenarian parents that protect them against the harmful effects of sleep disturbances.
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INTRODUCTION

Sleep is the restorative phase of the daily arousal-sleep cycle. A circadian clock, which includes the suprachiasmatic nucleus (SCN) and related structures in the brain, is genetically regulated through identified circadian genes (1, 2), and controls sleep patterns (3). The circadian genes also regulate the metabolic and hormonal diurnal and nocturnal fluctuations of the organism (4, 5). Peripheral circadian clocks in organs such as the liver (6) and the kidney (7) are synchronized with the main SCN clock. Aging of the circadian clock system is associated with sleep disorders in the elderly (8–10) and with characteristic age-related changes in glucose and lipid metabolism (4, 11, 12). Thus, sleep disorders and metabolic changes are regulated via a common apparatus, the circadian clock. This may explain the link between sleep disorders and metabolic diseases like diabetes and obesity. Like other genetically determined traits, sleep pattern is subjected to changes in circadian-gene expression that may be influenced by epigenetic alterations that result from aging (13, 14).

Sleep patterns change throughout the lifespan. Predictable changes in sleep quality that frequently affect older individuals include reduced hours of nighttime sleep, sleep fragmentation, and daytime napping (15). Metabolic function in humans is linked to sleep duration and sleep quality. Glycemic control is regulated by the sleep-arousal cycle (16) and sleep loss has been associated with insulin resistance and Type 2 diabetes mellitus (T2DM) (17). Experimentally controlled circadian rhythm disruption in diabetes-prone transgenic rats has accelerated development of diabetes through pancreatic cell dysfunction (18). Cortisol, growth hormone, leptin, and ghrelin levels are also modulated by sleep duration and quality (19). Preservation of regular sleep-wake patterns has been associated with higher high-density lipoprotein (HDL) cholesterol and lower triglyceride levels in the elderly (20). The impact of sleep patterns on mortality has also been widely investigated in longitudinal studies. In a recent meta-analysis of 27 cohort studies, long and short sleep duration were associated with increased all-cause mortality in the elderly (21).

Whether sleep pattern is primarily a genetically determined phenotype or a lifestyle habit remains open to debate. However, there are studies which show that sleep disorders are heritable and that genetic factors play a substantial role in the pathophysiology of sleep disorders (22–24). Exceptional longevity is also an inherited trait and first-degree relatives of centenarians are 8–17 times more likely to achieve longevity themselves (25). Centenarians delay the onset of most age-related diseases and exhibit unique biological phenotypes (26–29), which are often inherited by their offspring (30–32). This can explain why centenarian offspring stay healthier and live longer (33–35). With the knowledge that sleep patterns are associated with metabolic conditions, we conducted a study looking at whether reported sleep quality, sleep duration, and daytime napping were associated with health outcomes in individuals with exceptional longevity, their offspring, and offspring of parents with usual life expectancy. The hypothesis underlying our study was that centenarians and their offspring are protected from age-related sleep disturbances or the negative health impact of sleep disturbances.

MATERIALS AND METHODS

Study Population

Participants from the cross-sectional Longevity Genes Project (LGP) that was initiated in 1998 were the subjects of this study. Detailed description of the LGP study is available elsewhere (31, 36). In brief, LGP recruited individuals from the Northeastern United States age 95 and older who were living independently at the age of 95, which served as a reflection of general good health (centenarians). In addition, LGP enrolled the offspring of centenarians and controls, most of who were the spouses of the offspring but did not have a centenarian parent. The ages of the centenarians were verified with government issued identification. All of the study subjects were Ashkenazi Jewish, defined by having all four grandparents who were Ashkenazi Jewish. Participants with cognitive impairment, which was defined by Mini-Mental State Examination (MMSE) score ≤22 (37, 38) or blind MMSE <16 (39) were excluded from this analysis because the administered sleep questionnaire relied on self-report. The study was approved by the Institutional Review Board at the Albert Einstein College of Medicine. Written informed consent was obtained from all the study participants in accordance with the Declaration of Helsinki.

Sleep Pattern and Health Outcomes

Self-reported sleep patterns and health outcome data from the LGP were analyzed. Due to several revisions of the sleep questionnaire throughout the duration of the study, three versions of the questionnaires existed. All three versions have addressed the following sleep patterns at age 70 for centenarians: sleep duration in a 24 hour period, regular daily napping behavior, and presence of sleep problems. A subset of centenarians also reported on their current sleep patterns at the age of enrollment (n = 43). Offspring and controls reported on their current sleep pattern since not all of them have reached age 70. Sleep medication usage at the time of enrollment was reported by all participants. Participants who reported using sleep medications were considered as having a sleep problem.

History of the following diseases was self-reported by all participants: myocardial infarction (MI), hypertension (HTN), stroke or transient ischemic attack (TIA), and diabetes. Physical assessments included measurements of height and weight. Body mass index (BMI) was calculated according to the following formula: BMI = mass (kg)/height (m)2. The following metabolic parameters were measured at the time of enrollment among the offspring and controls at the Montefiore Medical Center clinical laboratories and the Biomarker Analytic Research Core at the Albert Einstein College of Medicine: insulin (excluding participants using insulin or diabetes medications), glucose, HDL cholesterol, high-sensitivity C-reactive protein (CRP), and creatinine. Insulin resistance was quantified by the homeostatic model assessment, HOMA-IR (40), and the glomerular filtration rate (eGFR) was calculated (41). Insulin-like growth factor 1 (IGF-1) and testosterone (in males only) were measured using liquid chromatography/mass spectrometry in previously frozen serum at Quest Diagnostics Nichols Institute laboratories, San Juan Capistrano, CA, USA.

Statistical Analysis

Descriptive statistics for sleep pattern and health outcomes were reported. Daily sleep duration was dichotomized into <8 and ≥8 h. Napping behavior, sleep problems, and daily sleep medication usage were coded as “yes” or “no.” In addition to examining history of MI, HTN, stroke or TIA, and diabetes individually, a binary comorbidity index was also created for the aforementioned conditions. Participants who reported having one or more of these diseases would receive a score of one, whereas a score of zero was recorded if none of these diseases were reported. Mann–Whitney, chi-square, and Student’s t-tests were applied to evaluate significant differences of sleep pattern and health outcomes between sub-cohorts.

For centenarians, a multivariable logistic regression model adjusted for age and sex was applied to examine the associations between each sleep pattern at age 70 (hours of sleep, napping behavior, and sleep problem) and disease history (MI, HTN, stroke/TIA, diabetes, and the comorbidity index). For offspring and controls, two adjusted multivariable logistic regression models were built to determine the associations between each sleep pattern and aforementioned diseases, and two adjusted linear regression models were used for physical and metabolic parameters. For both logistic and linear regressions, Model 1 was adjusted for age, sex, and BMI, while Model 2 was adjusted for the same parameters as Model 1 and additionally for use of sleep medication. CRP level was log-transformed and analysis involving IGF-1 was stratified by sex due to its sex-dependent characteristics. eGFR was only adjusted for BMI in Model 1 and additionally for sleeping medication usage in Model 2, because age and sex were already incorporated into its calculation. Odds ratios with 95% confidence intervals (CI) and beta coefficients with 95% CI were reported for all logistic regression and linear regression models, respectively. A p-value of <0.05 was considered statistically significant. STATA version 12 (College Station, TX, USA) was used for statistical analyses.

RESULTS

As shown in Table 1, the median age of centenarians (n = 348) at enrollment was 96.8 [interquartile range (IQR) 95.5–99.3] years, of offspring (n = 513) 69.3 (IQR 63.1–74.4) years, and of controls (n = 199) 70.2 (IQR 63.2–76.5) years. The majority of centenarians were female (69%). Centenarians were significantly more likely to have slept ≥8 h per day and nap regularly at age 70 compared with offspring and controls (p < 0.01). Although there was no significant difference between the hours of sleep at current age and at age 70 for centenarians, centenarians were more likely to nap (45.2 vs. 28.1%, p < 0.05) and report having sleeping problems (80.8 vs. 28.5%, p < 0.01) at current age than at age 70.

TABLE 1 | Demographic characteristics and sleep patterns at enrollment and at age 70.
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Among centenarians, those who had ≥8 h of sleep at age 70 had 0.27 (95% CI 0.14–0.49, p < 0.01) times the odds of reporting sleep problems, whereas those who napped regularly at age 70 had 2.85 (95% CI 1.6–5.05, p < 0.01) times the odds of reporting sleep problems, after adjusting for age and sex (Table 2). There were no significant associations between sleep patterns at age 70 and any disease history in centenarians assessed at the time of enrollment (Table 2).

TABLE 2 | Centenarians’ sleep patterns at age 70 and disease history at enrollment.
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As shown in Table 3, the offspring who had ≥8 h of sleep had 1.96 (95% CI 1.06–3.61, p = 0.03) times the odds of napping regularly in a model adjusted for age, sex, BMI and sleep medication use (Model 2), and had 0.39 (95% CI 0.24–0.63, p < 0.01) times the odds of reporting sleep problems in a model adjusted for age, sex, and BMI (Model 1). Offspring who slept ≥8 h also had statistically significantly higher levels of insulin, insulin resistance (HOMA), as well as marginally higher glucose level. Furthermore, they had lower eGFR and marginally lower HDL cholesterol level than their counterparts who slept <8 h. Similar to offspring, controls who slept ≥8 h were less likely to report sleep problems, OR = 0.35 (95% CI 0.16–0.76, p < 0.01) and were found to have significantly lower level of HDL cholesterol than their counterparts who had <8 h of sleep (Table 3) (Model 2). However, no statistically significant associations were noted between sleep duration and any of the diseases among the offspring or controls.

TABLE 3 | Associations between sleep duration and disease or biochemical profile for offspring and controls.
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Regular napping was not associated with self-reported sleep problems, sleeping pill usage, or any of the individual diseases among offspring and controls (Table 4). However, controls who napped regularly had significantly higher odds of having one or more conditions in the comorbidity index after adjusting for age, sex, and BMI (OR = 2.79, 95% CI 1.08–7.21, p = 0.04). Offspring who napped regularly had higher level of glucose, but not insulin or HOMA. Regular nappers among the offspring also had lower IGF-1 level than their counterparts who did not nap. However, the IGF-1 level was only significantly lower in male offspring (sex-stratified data not shown in Table 4). On the other hand, controls who napped had higher levels of insulin and insulin resistance, and had lower eGFR. Presence of self-reported sleep problems was not significantly associated with any diseases, physical parameters, or biochemical markers (data not shown).

TABLE 4 | Associations between napping behavior and disease or biochemical profile for offspring and controls.
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DISCUSSION

Favorable sleep patterns have been associated with decreased risk of disease and mortality in the general population. Interestingly, in this study individuals with exceptional longevity did not report more favorable sleep patterns at age 70 compared with similarly aged controls, who were not genetically enriched for longevity. Furthermore, the sleep patterns between the offspring of centenarians and controls did not differ, suggesting that genetic predisposition to longevity is not dependent on healthy sleep patterns. Despite demonstrating similar sleep patterns, the offspring of centenarians with unhealthy sleep patterns were significantly less likely to manifest age-related diseases compared with controls with unhealthy sleep patterns. This finding suggests that centenarians and their offspring possess protective genes that make them resilient to the adverse effects of unfavorable sleep patterns.

Other clinical studies on sleep quality among centenarians have reported various results, ranging from reports of overall good sleep (42) to reports of sleeping problems among the majority of the participants (43). The majority of centenarians in our study reported sleeping problems at enrollment, but had a similar prevalence of sleep problems at age 70 compared with offspring and controls. However, there were more centenarians who slept ≥8 h and who had taken daytime naps at age 70 than offspring and controls. Although the centenarians did not report healthy sleep patterns at age 70, prolonged sleep and daytime napping at that age were not associated with diabetes or cardiovascular diseases later in life in this group. Furthermore, all the centenarians in this study had preserved cognition. These findings suggest that among individuals with genetic predisposition to exceptional longevity, sleep disturbances do not negatively impact health outcomes or survival.

The association between sleep duration and survival has been widely investigated. The National Health and Nutrition Examination Survey I (NHANES I) found a U-shaped relationship between sleep duration and mortality in elderly subjects (44). In a subsequent meta-analysis of 13 independent cohort studies, a U-shaped relationship between sleep duration and mortality has been confirmed (45). The Bambui Health and Aging Study, on the other hand, found a linear correlation between sleep duration and mortality (46). The largest report with more than 1 million participants aged 30–102 years concluded that 7 h of sleep was associated with the lowest mortality risk (47). In fact, prolonged, rather than short sleep duration, was more consistently associated with higher mortality in older populations (48–50). Longer duration of sleep was associated not only with overall mortality but also with mortality from cardiovascular diseases (21) and from dementia (51, 52). A number of possible mechanisms have been suggested to explain this relationship, including fatigue, cardiorespiratory and underlying diseases, as well as impaired immune function (53). However, frailty and chronic inflammation have been found to be insignificant factors in long-sleep-associated mortality in Taiwan (48). Considering the epidemiological evidence for association of longer sleep duration and mortality, some have even recommended sleep restriction for the elderly (54). However, there is no evidence that sleep restriction would be helpful, both because there is a lack of randomized clinical trials investigating this question and because longer sleep duration may not be the causative factor for disease and mortality but rather the result of the underlying condition. Even among older adults with good health status, sleeping >8 h has been associated with higher mortality risk and the risk increased with longer sleep duration (55).

Both offspring and controls with longer duration of sleep demonstrated overall riskier metabolic profiles. Offspring and controls who slept ≥8 h had higher insulin levels and HOMA-IR and lower HDL cholesterol levels compared with their counterparts who slept less than 8 h. The definitions of short and long duration of sleep vary between studies, with short sleep duration often defined as <5 h and long sleep duration as >8 h (45). Several studies have shown a U-shape relationship between the duration of sleep and risk of T2DM (56–58), with the lowest risk among those who slept 7–8 h per night (59). Compared with 7 h of sleep, the risk for developing diabetes ranged between 1.47 and 1.95 for shorter sleep duration and between 1.4 and 3.12 for longer sleep duration (60). Other studies have shown positive association between long, but not short, sleep duration and diabetes (61, 62). A meta-analysis of seven studies found that HOMA-IR did not differ between individuals with short and long sleep durations, but what defined long and short sleep duration varied between studies (63).

Chronic low-grade inflammation has been regarded as a strong risk factor for insulin resistance in longitudinal studies, including elderly cohorts (64–66). The inflammatory biomarkers CRP and interleukin-6 (IL-6) were found to be elevated in sleep apnea and excessive sleepiness (67, 68). Therefore, the mechanism provoking diabetes in long sleepers has been hypothesized to be induced by these proinflammatory cytokines, which are elevated in chronic low-grade inflammation. A meta-analysis that included 27 studies on sleep duration concluded that long, but not short duration of sleep was associated with increased levels of CRP and IL-6 (69). Of note, the participants in these studies were mainly women and younger. In our study, sleeping for ≥8 h had been associated with insulin resistance in the offspring, but not with diabetes. We also did not find a significant difference in CRP concentrations between groups with different sleep durations. Thus, the difference in glucose metabolism in offspring and controls who were long-sleepers could not be explained by the existence of a chronic inflammatory condition.

The association of daytime napping and mortality is controversial, with studies having reported contradictory results. A large cohort study conducted in Greece has found an inverse relationship between short daytime napping and increased mortality (70). Another study conducted in Great Britain has reported an association between daytime napping and all-cause mortality, independent of preexisting health conditions (71). In a meta-analysis of 16 cohort studies, nine studies have shown an association between daytime napping and all-cause mortality (72). The largest cohort study that addressed the relationship between cardiovascular risk and napping has found a strong association between daytime napping and risk of cardiovascular mortality (73). Daytime napping for ≥30 min was associated not only with coronary artery disease but also with cancer in both genders (74). A potential explanation for the increased risk in CVD among daytime nappers may be based on the same biological mechanisms that were related to a higher incidence of MI and stroke after arousal from night sleep, which included elevated blood pressure, acute change in posture, and hypercoagulability (75, 76). We found that controls who napped regularly had higher levels of insulin and HOMA-IR. They were also more likely to have one or more of the age-related diseases compared with those who did not nap. On the other hand, offspring who napped were not found to be at increased risk for age-related diseases, suggesting that longevity genes that they have inherited from their centenarian parent may protect them from the negative impact of napping.

Melatonin, the pineal secreted hormone, has an important role in regulating the circadian rhythm and its levels have been found to decline over the lifespan (77). However, melatonin was not measured in our study. Melatonin secretion is high at night and very low during the day. Thus, an effective evaluation of melatonin secretion requires the collection of several blood samples or urine samples for measurements of its metabolite, 6-hydroxymelatonin sulfate, over a 24-h period (78, 79). Our study was not designed for repeated blood draws and all samples were collected in the morning. Future studies should consider investigating whether melatonin secretion impacts longevity.

Although our study has a number of strengths, including a cohort of relative genetic and socioeconomic homogeneity that is comprised of centenarians, offspring, and controls, it also has a number of limitations. Since all blood samples were collected at the time of study enrollment, but only a small subgroup of centenarians were questioned about their current sleep patterns, we could not associate current sleep patterns with present diseases and biochemical parameters in the centenarian group. We used a brief self-reported sleep questionnaire, as have many other published epidemiological studies (80). A correlation of 0.45 has been found between self-reported and measured sleep duration (81). However, large epidemiological studies cannot always use objectively measured techniques such as actigraphy recording. In addition, our questionnaire addressed habitual sleep patterns and did not rely on a single-day report, thereby potentially providing a more global view of sleep patterns in an individual rather than an episodic one. Since we relied on self-report of sleep patterns at age 70 in centenarians, their responses may have been subject to recall bias. Recall bias is also a consideration in offspring and controls, although to a lesser extent than in the centenarian group since the offspring and controls were asked to recall current, rather than past, sleep patterns. However, because both offspring and controls are subject to the same recall bias, the bias is non-differential among these groups and thus is unlikely to meaningfully affect the final results. Another consideration is that not all offspring may have inherited the protective longevity genes from their centenarian parent; thus, even though the offspring group is enriched for longevity genes it is likely that not everyone in that group actually possesses them. However, as a group, the offspring are enriched for longevity genes. It is also plausible that some of the controls may carry longevity genes, but that possibility is quite low given the rare phenotype of centenarians in the general population. Although our study was conducted in an Ashkenazi Jewish sample, our prior published work demonstrates that Ashkenazi Jewish centenarians are very similar to centenarians of other ethnic backgrounds (29) and our findings have been validated in several other populations. Therefore, the findings from this study may be generalizable to other ethnic groups (82, 83), but additional validation will be required.

Strong evidence exists for the association between unfavorable sleep patterns and risky metabolic profiles and cardiovascular complications in humans. However, this study demonstrated that although centenarian offspring and controls have similar sleep patterns that are associated with unfavorable metabolic profiles in both groups, only the controls were found to have higher odds of age-related diseases in the setting of napping. These findings suggest that offspring may inherit longevity genes from their long-lived parents, which protect them from the hazardous effects of unfavorable sleep patterns. Thus, the offspring and centenarians appear to be resistant to risky sleep patterns. Further prospective studies are needed to verify whether offspring of parents with exceptional longevity, who report unfavorable sleep patterns, share their parents’ protective genome.

ETHICS STATEMENT

The study was approved by the Institutional Review Board at the Albert Einstein College of Medicine. Written informed consent was obtained from all the study participants in accordance with the Declaration of Helsinki.

AUTHOR CONTRIBUTIONS

LK, TG, NB, and SM contributed to the design of the study and interpretation of the data. LK and TG contributed to the acquisition of data and writing of the manuscript. TG and SM contributed to the analysis of the data. NB and SM contributed to the critical revisions of the manuscript. All authors approved the final version of the manuscript and agree to be accountable for all aspects of the work.

ACKNOWLEDGMENTS

The authors acknowledge Dina S. Rehanian for her assistance with data collection.

FUNDING

This work was funded by NIH/NIA (grant number K23AG051148 to SM), (grant numbers R01AG044829, R01AG046949, and P01AG003949 to NB); American Federation for Aging Research (grant to SM), and the Glenn Center for the Biology of Human Aging (grant to NB).

REFERENCES

1. Rosenwasser AM, Turek FW. Neurobiology of circadian rhythm regulation. Sleep Med Clin (2015) 10:403–12. doi:10.1016/j.jsmc.2015.08.003

2. Okamura H, Doi M, Fustin JM, Yamaguchi Y, Matsuo M. Mammalian circadian clock system: molecular mechanisms for pharmaceutical and medical sciences. Adv Drug Deliv Rev (2010) 62:876–84. doi:10.1016/j.addr.2010.06.004

3. Hofman MA, Swaab DF. Living by the clock: the circadian pacemaker in older people. Ageing Res Rev (2006) 5:33–51. doi:10.1016/j.arr.2005.07.001

4. Kumar Jha P, Challet E, Kalsbeek A. Circadian rhythms in glucose and lipid metabolism in nocturnal and diurnal mammals. Mol Cell Endocrinol (2015) 418(Pt 1):74–88. doi:10.1016/j.mce.2015.01.024

5. Froy O. Circadian aspects of energy metabolism and aging. Ageing Res Rev (2013) 12:931–40. doi:10.1016/j.arr.2013.09.002

6. Saini C, Suter DM, Liani A, Gos P, Schibler U. The mammalian circadian timing system: synchronization of peripheral clocks. Cold Spring Harb Symp Quant Biol (2011) 76:39–47. doi:10.1101/sqb.2011.76.010918

7. Tokonami N, Mordasini D, Pradervand S, Centeno G, Jouffe C, Maillard M, et al. Local renal circadian clocks control fluid-electrolyte homeostasis and BP. J Am Soc Nephrol (2014) 25:1430–9. doi:10.1681/ASN.2013060641

8. Gibson EM, Williams WP III, Kriegsfeld LJ. Aging in the circadian system: considerations for health, disease prevention and longevity. Exp Gerontol (2009) 44:51–6. doi:10.1016/j.exger.2008.05.007

9. Nakamura TJ, Takasu NN, Nakamura W. The suprachiasmatic nucleus: age-related decline in biological rhythms. J Physiol Sci (2016) 66:367–74. doi:10.1007/s12576-016-0439-2

10. Duffy JF, Zitting KM, Chinoy ED. Aging and circadian rhythms. Sleep Med Clin (2015) 10:423–34. doi:10.1016/j.jsmc.2015.08.002

11. Albrecht U, Eichele G. The mammalian circadian clock. Curr Opin Genet Dev (2003) 13:271–7. doi:10.1016/S0959-437X(03)00055-8

12. Mackiewicz M, Shockley KR, Romer MA, Galante RJ, Zimmerman JE, Naidoo N, et al. Macromolecule biosynthesis: a key function of sleep. Physiol Genomics (2007) 31:441–57. doi:10.1152/physiolgenomics.00275.2006

13. Orozco-Solis R, Sassone-Corsi P. Circadian clock: linking epigenetics to aging. Curr Opin Genet Dev (2014) 26:66–72. doi:10.1016/j.gde.2014.06.003

14. Qureshi IA, Mehler MF. Epigenetics of sleep and chronobiology. Curr Neurol Neurosci Rep (2014) 14:432. doi:10.1007/s11910-013-0432-6

15. Avidan AY. Sleep disorders in the older patient. Prim Care (2005) 32:563–86. doi:10.1016/j.pop.2005.03.001

16. Van Cauter E, Blackman JD, Roland D, Spire JP, Refetoff S, Polonsky KS. Modulation of glucose regulation and insulin secretion by circadian rhythmicity and sleep. J Clin Invest (1991) 88:934–42. doi:10.1172/JCI115396

17. Spiegel K, Knutson K, Leproult R, Tasali E, Van Cauter E. Sleep loss: a novel risk factor for insulin resistance and Type 2 diabetes. J Appl Physiol (1985) (2005) 99:2008–19. doi:10.1152/japplphysiol.00660.2005

18. Gale JE, Cox HI, Qian J, Block GD, Colwell CS, Matveyenko AV. Disruption of circadian rhythms accelerates development of diabetes through pancreatic beta-cell loss and dysfunction. J Biol Rhythms (2011) 26:423–33. doi:10.1177/0748730411416341

19. Van Cauter E, Spiegel K, Tasali E, Leproult R. Metabolic consequences of sleep and sleep loss. Sleep Med (2008) 9(Suppl 1):S23–8. doi:10.1016/S1389-9457(08)70013-3

20. Mazzotti DR, Guindalini C, Moraes WA, Andersen ML, Cendoroglo MS, Ramos LR, et al. Human longevity is associated with regular sleep patterns, maintenance of slow wave sleep, and favorable lipid profile. Front Aging Neurosci (2014) 6:134. doi:10.3389/fnagi.2014.00134

21. da Silva AA, De Mello RG, Schaan CW, Fuchs FD, Redline S, Fuchs SC. Sleep duration and mortality in the elderly: a systematic review with meta-analysis. BMJ Open (2016) 6:e008119. doi:10.1136/bmjopen-2015-008119

22. Wing YK, Zhang J, Lam SP, Li SX, Tang NL, Lai KY, et al. Familial aggregation and heritability of insomnia in a community-based study. Sleep Med (2012) 13:985–90. doi:10.1016/j.sleep.2012.04.013

23. Caylak E. The genetics of sleep disorders in humans: narcolepsy, restless legs syndrome, and obstructive sleep apnea syndrome. Am J Med Genet A (2009) 149A:2612–26. doi:10.1002/ajmg.a.33087

24. Jones CR, Campbell SS, Zone SE, Cooper F, Desano A, Murphy PJ, et al. Familial advanced sleep-phase syndrome: a short-period circadian rhythm variant in humans. Nat Med (1999) 5:1062–5. doi:10.1038/12502

25. Perls TT, Wilmoth J, Levenson R, Drinkwater M, Cohen M, Bogan H, et al. Life-long sustained mortality advantage of siblings of centenarians. Proc Natl Acad Sci U S A (2002) 99:8442–7. doi:10.1073/pnas.122587599

26. Barzilai N, Gabriely I, Atzmon G, Suh Y, Rothenberg D, Bergman A. Genetic studies reveal the role of the endocrine and metabolic systems in aging. J Clin Endocrinol Metab (2010) 95:4493–500. doi:10.1210/jc.2010-0859

27. Barzilai N, Huffman DM, Muzumdar RH, Bartke A. The critical role of metabolic pathways in aging. Diabetes (2012) 61:1315–22. doi:10.2337/db11-1300

28. Atzmon G, Rincon M, Schechter CB, Shuldiner AR, Lipton RB, Bergman A, et al. Lipoprotein genotype and conserved pathway for exceptional longevity in humans. PLoS Biol (2006) 4:e113. doi:10.1371/journal.pbio.0040113

29. Ismail K, Nussbaum L, Sebastiani P, Andersen S, Perls T, Barzilai N, et al. Compression of morbidity is observed across cohorts with exceptional longevity. J Am Geriatr Soc (2016) 64:1583–91. doi:10.1111/jgs.14222

30. Atzmon G, Rincon M, Rabizadeh P, Barzilai N. Biological evidence for inheritance of exceptional longevity. Mech Ageing Dev (2005) 126:341–5. doi:10.1016/j.mad.2004.08.026

31. Atzmon G, Schechter C, Greiner W, Davidson D, Rennert G, Barzilai N. Clinical phenotype of families with longevity. J Am Geriatr Soc (2004) 52:274–7. doi:10.1111/j.1532-5415.2004.52068.x

32. Ash AS, Kroll-Desrosiers AR, Hoaglin DC, Christensen K, Fang H, Perls TT. Are members of long-lived families healthier than their equally long-lived peers? Evidence from the long life family study. J Gerontol A Biol Sci Med Sci (2015) 70:971–6. doi:10.1093/gerona/glv015

33. Kim S, Welsh DA, Cherry KE, Myers L, Jazwinski SM. Association of healthy aging with parental longevity. Age (Dordr) (2013) 35:1975–82. doi:10.1007/s11357-012-9472-0

34. Bucci L, Ostan R, Cevenini E, Pini E, Scurti M, Vitale G, et al. Centenarians’ offspring as a model of healthy aging: a reappraisal of the data on Italian subjects and a comprehensive overview. Aging (Albany NY) (2016) 8:510–9. doi:10.18632/aging.100912

35. Adams ER, Nolan VG, Andersen SL, Perls TT, Terry DF. Centenarian offspring: start healthier and stay healthier. J Am Geriatr Soc (2008) 56:2089–92. doi:10.1111/j.1532-5415.2008.01949.x

36. Barzilai N, Atzmon G, Schechter C, Schaefer EJ, Cupples AL, Lipton R, et al. Unique lipoprotein phenotype and genotype associated with exceptional longevity. JAMA (2003) 290:2030–40. doi:10.1001/jama.290.15.2030

37. Busse A, Sonntag A, Bischkopf J, Matschinger H, Angermeyer MC. Adaptation of dementia screening for vision-impaired older persons: administration of the Mini-Mental State Examination (MMSE). J Clin Epidemiol (2002) 55:909–15. doi:10.1016/S0895-4356(02)00449-3

38. Kahle-Wrobleski K, Corrada MM, Li B, Kawas CH. Sensitivity and specificity of the mini-mental state examination for identifying dementia in the oldest-old: the 90+ study. J Am Geriatr Soc (2007) 55:284–9. doi:10.1111/j.1532-5415.2007.01049.x

39. Reischies FM, Geiselmann B. Age-related cognitive decline and vision impairment affecting the detection of dementia syndrome in old age. Br J Psychiatry (1997) 171:449–51. doi:10.1192/bjp.171.5.449

40. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia (1985) 28:412–9. doi:10.1007/BF00280883

41. Levey AS, Stevens LA. Estimating GFR using the CKD Epidemiology Collaboration (CKD-EPI) creatinine equation: more accurate GFR estimates, lower CKD prevalence estimates, and better risk predictions. Am J Kidney Dis (2010) 55:622–7. doi:10.1053/j.ajkd.2010.02.337

42. Spadafora FL, Curti A, Teti R, Belmonte M, Castagna A, Mercurio M, et al. Aspects of sleep in centenarians. Arch Gerontol Geriatr (1996) 22(Suppl 1):419–22. doi:10.1016/0167-4943(96)86975-5

43. Tafaro L, Cicconetti P, Baratta A, Brukner N, Ettorre E, Marigliano V, et al. Sleep quality of centenarians: cognitive and survival implications. Arch Gerontol Geriatr (2007) 44(Suppl 1):385–9. doi:10.1016/j.archger.2007.01.054

44. Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Opler MG, et al. Sleep duration associated with mortality in elderly, but not middle-aged, adults in a large US sample. Sleep (2008) 31:1087–96. doi:10.5665/sleep/31.8.1087

45. Cappuccio FP, D’ELIA L, Strazzullo P, Miller MA. Sleep duration and all-cause mortality: a systematic review and meta-analysis of prospective studies. Sleep (2010) 33:585–92. doi:10.1093/sleep/33.5.585

46. Castro-Costa E, Dewey ME, Ferri CP, Uchoa E, Firmo JO, Rocha FL, et al. Association between sleep duration and all-cause mortality in old age: 9-year follow-up of the Bambui Cohort Study, Brazil. J Sleep Res (2011) 20:303–10. doi:10.1111/j.1365-2869.2010.00884.x

47. Kripke DF, Garfinkel L, Wingard DL, Klauber MR, Marler MR. Mortality associated with sleep duration and insomnia. Arch Gen Psychiatry (2002) 59:131–6. doi:10.1001/archpsyc.59.2.131

48. Lee WJ, Peng LN, Liang CK, Chiou ST, Chen LK. Long sleep duration, independent of frailty and chronic Inflammation, was associated with higher mortality: a national population-based study. Geriatr Gerontol Int (2016) 17(10):1481–7. doi:10.1111/ggi.12899

49. Lee JS, Auyeung TW, Leung J, Chan D, Kwok T, Woo J, et al. Long sleep duration is associated with higher mortality in older people independent of frailty: a 5-year cohort study. J Am Med Dir Assoc (2014) 15:649–54. doi:10.1016/j.jamda.2014.05.006

50. Kakizaki M, Kuriyama S, Nakaya N, Sone T, Nagai M, Sugawara Y, et al. Long sleep duration and cause-specific mortality according to physical function and self-rated health: the Ohsaki Cohort Study. J Sleep Res (2013) 22:209–16. doi:10.1111/j.1365-2869.2012.01053.x

51. Benito-Leon J, Louis ED, Villarejo-Galende A, Romero JP, Bermejo-Pareja F. Long sleep duration in elders without dementia increases risk of dementia mortality (NEDICES). Neurology (2014) 83:1530–7. doi:10.1212/WNL.0000000000000915

52. Kawada T. Long sleep duration in elders without dementia increases risk of dementia mortality (NEDICES). Neurology (2015) 85:388. doi:10.1212/WNL.0000000000001778

53. Grandner MA, Drummond SP. Who are the long sleepers? Towards an understanding of the mortality relationship. Sleep Med Rev (2007) 11:341–60. doi:10.1016/j.smrv.2007.03.010

54. Youngstedt SD, Kripke DF. Long sleep and mortality: rationale for sleep restriction. Sleep Med Rev (2004) 8:159–74. doi:10.1016/j.smrv.2003.10.002

55. Mesas AE, Lopez-Garcia E, Leon-Munoz LM, Guallar-Castillon P, Rodriguez-Artalejo F. Sleep duration and mortality according to health status in older adults. J Am Geriatr Soc (2010) 58:1870–7. doi:10.1111/j.1532-5415.2010.03071.x

56. Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Pickering TG, et al. Sleep duration as a risk factor for diabetes incidence in a large U.S. sample. Sleep (2007) 30:1667–73. doi:10.1093/sleep/30.12.1667

57. Kowall B, Lehnich AT, Strucksberg KH, Fuhrer D, Erbel R, Jankovic N, et al. Associations among sleep disturbances, nocturnal sleep duration, daytime napping, and incident prediabetes and type 2 diabetes: the Heinz Nixdorf Recall Study. Sleep Med (2016) 21:35–41. doi:10.1016/j.sleep.2015.12.017

58. Yaggi HK, Araujo AB, Mckinlay JB. Sleep duration as a risk factor for the development of type 2 diabetes. Diabetes Care (2006) 29:657–61. doi:10.2337/diacare.29.03.06.dc05-0879

59. Shan Z, Ma H, Xie M, Yan P, Guo Y, Bao W, et al. Sleep duration and risk of type 2 diabetes: a meta-analysis of prospective studies. Diabetes Care (2015) 38:529–37. doi:10.2337/dc14-2073

60. Alnaji A, Law GR, Scott EM. The role of sleep duration in diabetes and glucose control. Proc Nutr Soc (2016) 75:512–20. doi:10.1017/S002966511600063X

61. Tuomilehto H, Peltonen M, Partinen M, Lavigne G, Eriksson JG, Herder C, et al. Sleep duration, lifestyle intervention, and incidence of type 2 diabetes in impaired glucose tolerance: the Finnish Diabetes Prevention Study. Diabetes Care (2009) 32:1965–71. doi:10.2337/dc08-1980

62. Ayas NT, White DP, Al-Delaimy WK, Manson JE, Stampfer MJ, Speizer FE, et al. A prospective study of self-reported sleep duration and incident diabetes in women. Diabetes Care (2003) 26:380–4. doi:10.2337/diacare.26.2.380

63. Upala S, Sanguankeo A, Congrete S, Romphothong K. Sleep duration and insulin resistance in individuals without diabetes mellitus: a systematic review and meta-analysis. Diabetes Res Clin Pract (2015) 109:e11–2. doi:10.1016/j.diabres.2015.06.003

64. Barzilay JI, Abraham L, Heckbert SR, Cushman M, Kuller LH, Resnick HE, et al. The relation of markers of inflammation to the development of glucose disorders in the elderly: the Cardiovascular Health Study. Diabetes (2001) 50:2384–9. doi:10.2337/diabetes.50.10.2384

65. Ford ES. Body mass index, diabetes, and C-reactive protein among U.S. adults. Diabetes Care (1999) 22:1971–7. doi:10.2337/diacare.22.12.1971

66. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA (2001) 286:327–34. doi:10.1001/jama.286.3.327

67. Williams CJ, Hu FB, Patel SR, Mantzoros CS. Sleep duration and snoring in relation to biomarkers of cardiovascular disease risk among women with type 2 diabetes. Diabetes Care (2007) 30:1233–40. doi:10.2337/dc06-2107

68. Vgontzas AN, Papanicolaou DA, Bixler EO, Kales A, Tyson K, Chrousos GP. Elevation of plasma cytokines in disorders of excessive daytime sleepiness: role of sleep disturbance and obesity. J Clin Endocrinol Metab (1997) 82:1313–6. doi:10.1210/jcem.82.5.3950

69. Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep duration, and inflammation: a systematic review and meta-analysis of cohort studies and experimental sleep deprivation. Biol Psychiatry (2016) 80:40–52. doi:10.1016/j.biopsych.2015.05.014

70. Naska A, Oikonomou E, Trichopoulou A, Psaltopoulou T, Trichopoulos D. Siesta in healthy adults and coronary mortality in the general population. Arch Intern Med (2007) 167:296–301. doi:10.1001/archinte.167.3.296

71. Leng Y, Wainwright NW, Cappuccio FP, Surtees PG, Hayat S, Luben R, et al. Daytime napping and the risk of all-cause and cause-specific mortality: a 13-year follow-up of a British population. Am J Epidemiol (2014) 179:1115–24. doi:10.1093/aje/kwu036

72. Zhong G, Wang Y, Tao T, Ying J, Zhao Y. Daytime napping and mortality from all causes, cardiovascular disease, and cancer: a meta-analysis of prospective cohort studies. Sleep Med (2015) 16:811–9. doi:10.1016/j.sleep.2015.01.025

73. Tanabe N, Iso H, Seki N, Suzuki H, Yatsuya H, Toyoshima H, et al. Daytime napping and mortality, with a special reference to cardiovascular disease: the JACC study. Int J Epidemiol (2010) 39:233–43. doi:10.1093/ije/dyp327

74. Jung KI, Song CH, Ancoli-Israel S, Barrett-Connor E. Gender differences in nighttime sleep and daytime napping as predictors of mortality in older adults: the Rancho Bernardo study. Sleep Med (2013) 14:12–9. doi:10.1016/j.sleep.2012.06.004

75. Stergiou GS, Mastorantonakis SE, Roussias LG. Intraindividual reproducibility of blood pressure surge upon rising after nighttime sleep and siesta. Hypertens Res (2008) 31:1859–64. doi:10.1291/hypres.31.1859

76. Thrall G, Lane D, Carroll D, Lip GY. A systematic review of the prothrombotic effects of an acute change in posture: a possible mechanism underlying the morning excess in cardiovascular events? Chest (2007) 132:1337–47. doi:10.1378/chest.06-2978

77. Karasek M. Melatonin, human aging, and age-related diseases. Exp Gerontol (2004) 39:1723–9. doi:10.1016/j.exger.2004.04.012

78. Lynch HJ, Wurtman RJ, Moskowitz MA, Archer MC, Ho MH. Daily rhythm in human urinary melatonin. Science (1975) 187:169–71. doi:10.1126/science.1167425

79. Ferrari E, Cravello L, Falvo F, Barili L, Solerte SB, Fioravanti M, et al. Neuroendocrine features in extreme longevity. Exp Gerontol (2008) 43:88–94. doi:10.1016/j.exger.2007.06.010

80. Lavie P. Self-reported sleep duration – what does it mean? J Sleep Res (2009) 18:385–6. doi:10.1111/j.1365-2869.2009.00813.x

81. Lauderdale DS, Knutson KL, Yan LL, Liu K, Rathouz PJ. Self-reported and measured sleep duration: how similar are they? Epidemiology (2008) 19:838–45. doi:10.1097/EDE.0b013e318187a7b0

82. Vergani C, Lucchi T, Caloni M, Ceconi I, Calabresi C, Scurati S, et al. I405V polymorphism of the cholesteryl ester transfer protein (CETP) gene in young and very old people. Arch Gerontol Geriatr (2006) 43:213–21. doi:10.1016/j.archger.2005.10.008

83. Pawlikowska L, Hu D, Huntsman S, Sung A, Chu C, Chen J, et al. Association of common genetic variation in the insulin/IGF1 signaling pathway with human longevity. Aging Cell (2009) 8:460–72. doi:10.1111/j.1474-9726.2009.00493.x

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2017 Klein, Gao, Barzilai and Milman. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-04-00214-t004a.jpg
pVoluet  Model 1:0R Model2:OR Nap pVoluet  Model 1:0R Model:OR
—_— @5 CIr fos% ciy —_—— fos%cy @s%c
Yos 0 =80 Non=372) Yes =30 No (0 = 146)
Mecnage(QR, 729657778 69329742 <001 TsaEeIBLY)  E1ERTH <00
yoars
Fema %.0) 02 s7@12) <001 63019 ) 025
pattems
Seeppeblen %, () 316@4) 29118 083 B %76 90Uy 058 =
Sioeping pA 1230 1262 095 - 200 14504 0z =
oo .
Discase history
M%) 646 4205 0% 111036326, 082023, 16760 630 006 14904552 113015081,
p=085 p=078 =085 p=0st
HIN %, () 20560 80139 081 072041129, 2108 B 001 216091512, 240078-7.43,
=024 =008 p=013
Stroke/TA %, (1) 390 08 oM  32081-168, ) 1030 4@ 001 9.44(085-10426), Omited o to
p=017 p=007 samplo ize
abetes %, 1) 5@ 6122 0 137088929, 260083724, 726 62 <005 355098-128, 502092797,
p=048 007 p=005 p=007
Posiie comotbidly 49337 270148 029 085048148, 1080054207, 759022 961 <0t 279008721, 28089937,
index %, ) =058 p=087 =004 p=01
Oftspring Controls
Median (1QR) pValue'  Model 1 oe! Model2: p coe! Madian (IQR) pValus'  Model 1  coet Model 2:pcoel
5% wsscr s s e
00 =1
BMIkg/m', () 265@3720.1)60) 251 @31-282,069 007  081(-02110183),  04(-0R2M0161, 259@41-286,00 251@27-282),(144) 013  128(-05810315,  21(-071049,
p=012 p=052 p=018 p=014
PednmUL () 161B785,08  120-23.(176 016  264(607101136,  -019(-8210794, 19(146498,03 153@227.02 00 1586812578,  168(-1.18103478)
pm055 p=096 <001 pmo007
Gucosemgdl () S7US-IMLGT)  BA(S9H,@7) 008 656083101405,  1191@732109,  BSFO-02,60 &S50 016 0321070113 -139(-167610 1397,
=000 =001 =035 pm085
nednressance  G6(15-87.67)  24(1364.(16 009  07(-230369,  036(-2481032.  37@I2N(Y 3374860 <005 3720118627 661 267-1056)
HOMA, ) =085 =08 <00t <00t
HOL mo/aL., ) 546660.09  (IT6.060 <001 -275(-67910128,  -349(-82210120,  SAWI6H.00 616275149 <005 -379(-08810209,  -426(-11711032),
p=016 p=015 p=021 =028
GFAngmL () 1106213867 12686-1455, 010 003 -1358(-241310-303), ~1347(-260910-084), 105(74-130,20)  11B(G4-145.(107) 028 931 (-208210119), 413(-2309103134)
o 04 039 =078

CRP mgL. ) 0301-05,49 020104.(1%) 03  006(-0211034,  003(-02110039,  050208,(7) 03O205.7Y 021 -0004(-04410043,  0.12(-03810062)
p=086 57 099 p=064





OPS/images/fmed-04-00214-t004b.jpg
TABLE 4 | Continued

Offspring Controls

Median (IR) p-Value'  Model 1: Model 2: p coef Median (1R) p-Value'  Model 1: Model 2: p coef
(95% CI)* (95% CI)* (95% CI* (95% CI)*
Yes (n = 80) No (n =372) Yes (n = 30) No (n = 146)

oGFR? mUmin/ 73(59.6-85.8), (77) 756(627-885),(354) 020  -195(-604102.15,  -304(-7.7210164)  68.1(559-76),(30) 73.3(61.8-869),(139) 005 ~7.08(~138310-033), -9.74(~19.1810 ~0.31)

1730, o) p=035 =02 =004 p=004

Testosterone” 403.5(325-532), (40) 371.5(300-491),(138) 040  46.89(-B7610 10255, 26.01(-37.471089.49), 349 (277-378), (10)  368(208-500),(45) 043 ~-2041(-113.1210723), 5264 (1685810

ng/aL. (n) =01 p=042 P=066 633),p =036

*-Value comparing those who nap and do ot nap.
*Age, sex, and BMI adjusted O of disease for those who nap compared with those who do not nap.

“Age, sex, BMI, and sleep pill adjusted OR of disease for those who nap compared with those who do not nap.
“Age, sex, and BMI adfusted beta coefficient for those who nap compared with those who do not nap.

“Age, sex, BMI, and sieep pil adjusted beta coefficient for those who nap compared with those who do not nap.
‘Beta coefficients are log transformed.

Model 1 is adjusted only for BM! and Model 2 is adjusted only for M and sleeping pill usage.

"Testosterone is reported for males only.






OPS/images/fmed-04-00214-t003a.jpg
Offspring Controls
Sieep hours pValuet  Model 1:0R Model 2 0R Steep hours. prValuer Model 2:OR
tos% o 5% e fos%
<8h(n=310  28hin=151) <ehin=119)

Meden age @274 70346758 002 70363769 034

(0F). yoars

Femaie %, ) s19(161 58369 0z 50469 063

Sieep patterns

Nappod %, 1) 15308) 20 <005 166099278, 1.96(1.06-381), 129015 287014) o007 210885,  268086-820,0=000
=005 p=003 p=000

Sioep provlem %, 1) 8101 w78 001 039002406, ar8u 186(11) 001 035016076, -
<00t p<00!

Steepng pl 1867 1902) 099 095045199, - 7109 1356 0@ 075024231, N

wsage %. () p=080 p=082

Disease history

M%) 4309 90 078 08303-251, 07018272, 780 806 084 104031057, 080543,
088 p=061 =094

HIN %, () 48109 ey 005 148094232, 14079249, srauy w1en 015 15808012, 2120086-520.p=01
=000 p=025 p=019

Stoka A%, 1) ) 210 03 151027849, 161 02-1328, 0o0) 1@ 0@ 801082783, Omited due o smat
=054 =086 =007 sampleszo

Dabetos %, ) 691 nran 017 11505262, 14405417, 86(10) 856 099 084025289,  121027-639.p=08
p=074 p=05 p=078

Positve comorbdiy 07019 9369 009 141089229, 132074239, 78064 57401 025 137069272  2108-524.p=011

index %, ) =014 035 p=038

Offspring Controls
Median (10R) p-Value  Model 1:f-coef Model 2 f-coet ‘Median (1QR) pValue  Model 1:f-coot Model 2 f-coe
(95% i fo5% tos% (95% o
2800 =151) <ehin=119) 28hin=59)

BM kg, ) 252202-284,(300) 253092282),(149) 095  -025(-10710087), -0.44(-1.4410056), 253205289)(118) 24926279),(59) 066  -012(-15710133.  ~008(-21610199),
p=055 p=039 p=087 =094

sl UL ) 118069267)(150 12[87-249,(69 013 753066144,  525(-125101176, 161(10627.1,68) 1940421627 032 -306(-11.1810506, 281 (776101830,
p=00 p=o11 p=0d8 p=08

GucosemgioL () BA(A98.Q9  BOUEDE, (47 0%  229(-3710825,  697(-0R114S6,  BHUEL6,(115  BS(EUN.(5 074  G73(503101248, 521619101662
=045 p=007 p=04 =037

insln rsisance 2301359.049  010166.68 008 285048529, 24014456, 3506767 3(199.62 045  -13(-04800089,  -035(-29710227).

HOMA. (1) p=002 p=004 p=020 p=079

HOL mgL. ) 61(6170,008 597,50 019 -271(-5941005, -375(-763100M)  E0EITA (N7 60USTHE) 053 -166(-6231029,  -594(-11310-058),
p=01 p=006 p=047 =003

IGF:1 ngmL. ) T19(975-144,260  12502-146, (130 086  012(-83810861, 49B(-517101612,  110ES-145,(9) 1235625145, 03 1031(-679102641,  522(-139310243)
p=08 p=030 ay =021 p=050

oA mo ) 02(01-04.(15) 025(01-04,85 043 006(-01610028,  005(-021003, 030105, 030207.@) 017  014(-0210049,  021(-0.1910061).
p=06 p=089 p=042 p=03





OPS/images/fmed-04-00214-t003b.jpg
TABLE 3 | Continued

Offspring

Median (1R) p-Value*  Model 1: f-coef Model 2: f-coef
(95% i (95% Ciy*
<8h(n

10) 28h(n

51)

Model 1: f-coef Model 2: p-coef

eGFRY mUMIN/1.73 v, 75.6 (64.4-88.1), (296) 71.7(59.4-86.1),(145) 004 -363(-69310-0.32),  -5(-89110-1.09),
) p=003 p=001

71.4(62.1-829). (116) 73 (60.1-86.2), (55) -022(-58110537),  0.41(-6:83107.66),

Testosterone” ng/dL, (1) 391 (310-500), (129) 362 (302-50) (54) ~ 046 -0.93 (-61.64 1041.78), ~20.71 (~81.8 10 40.39)

p=071 p=

5

383 (208-500),(37) 323 (290-405), (20) 6157 (~1296310649),  -63.24 (-149.16 10

*p-Vallie comparing those with <8 vs. 28 h of sleep.
“Age, sex, and BMI acjusted OR of disease for those with 28 h of sleep compared with those with <8 h of sleep.

“Age, sex, BMI, and sleep pill adjusted OR of disease for those with 28 h of sleep compared with those with <8 h of sleep.
"Age, sex, and BM| adjusted beta coeffcient for 28 h of sleep compared with those with <8 h of sieep.

*Age, sex, BMI, and sleep pill adfusted beta coefficient for >8 h of sleep compared with those with <8 h of sieep.

‘Beta coefficients are log transformed.

Model 1 is adjusted only for BM! and Model 2 is adjusted only for M and sleeping il usage.

"Testosterone is reported for males only.





OPS/images/cover.jpg
? frontiers
in Medicine

Association between Sleep
Patterns and Health in Families
with Exceptional Longevity





OPS/images/fmed-04-00214-t001.jpg
Centenarians (n = 348) Offspring (1 =513)  Controls (1 =199)  p-Value**»»<4

Median age at enrolment (interquartie 96.8(95.5-99.3) 69.3(63.1-74.4) 702 (63.2-76.5) ' <0.01 ¢:0.18

range), years b*: <001

Female %, (1) 69 (240) 528 (271) 528 (105) a1 <001 098
b*: <001

Sleep patterns At age 70 At enroliment At enroliment

Mean duration of sieep  SD, h (1) 7.5+1.3(263) 772502  7.1%1.1(61) 71£1.0(178) a <001 ©:096
b: <001 6067

28 of sleep %, () 55.1(145) 50/(16) 328(151) 332 (69) a: <001 ©:093
b: <001 d:0.58

Napped %, (1) 28.1(83) 452 (14) 17.7(80) 17.130) a <001 ¢:085
b: <001 d: <0.05

Sleeping problem present %, (n) 285 (80) 808 (59) 32.8(146) 31(59) 022 ©:067

b:057 d: <001
Current sleeping pill usage %, (n) i 25.1(50) 122 (a1) 159 (18) c:0.31

p-Value obtained from comparison between offspring and centenarians at enrollment.
p-Value obtained from comparison between controls and centenarians at enroliment.

“p-Value obteined from comparison between offspring and centenarians at age 70.

*p-Value obtained from comparison between controls and centenarians at age 70.

“p-Value obtained from comparison between offspring and controls.

9p-Value obtained from comparison between centenarians at age 70 and centenarians at enrollment.





OPS/images/fmed-04-00214-t002.jpg
Sleep hours Nap Sleep problems
<8h(n1=118) >8h(n=145) p-Value OR(95%CIP® Yes(n1=83) No(n=212) p-Value OR(95%CI’ Yes(n1=80) No(n=201) p-Value' OR (95% Cl)'

Median age (QR), ~ 97.3(95.6-100.3) 96.5 (95.5-98.8) 0.1 96.5(95.7-100.1) 96.9(95.4-992)  0.49 97.1(959-100.2) 96.8(95.5-99.4) 0.18

years

Female %, (n) 72(85) 64.1(93) 017 68.7(57) 70.8 (150) 073 75 (60) 682(137) 026

Sleep patterns at age 70

Napped %, (n) 257 (29) 312(44) 033 1.37 (0.78-2.4), - - - - - - - -
p=027

Sleep problems 41.9 (44) 158(22) <001 027(0.14-049),  429(33) 207(40)  <0.01 2.85(1.6-5.08), = = = -

%. (1) p <001 p <001

isease history

M %, (n) 152(16) 143(18) 084 096(046-201),  17.1(13) 15.1(28) 068 1.12(0.54-231),  20(15) 14.9 (26) 032 1.42(0.7-2.89)
p=092 p=076 p=033

HTN %, (7) 59.3(67) 59.4(79) 099 1.04(0.62-1.76),  55.1(43) 605 (121) 041 0.82(048-14), 597 (46) 56.7(106) 065 107 (0.62-1.86),
p=087 p=047 p=081

Stroke/TIA %, (n) 22.6(26) 21.1(30) 078 092(05-167),  222(18) 20.8(43) 079 1.13(0.6-2.11), 9 (15) 23 (45) 047 077 (0.4-1.49),
p=077 p=071 p=043

Diabetes %, () 476 7309 042 138(044-436),  66(5) 7(18) 091 0.99(0.34-29), 41 7.4(13) 032 0.54(0.15-197),
p=058 p=098 p=035

Positive comorbidity  76.4 (84) 702(92) 029 074(041-1.35),  70.1(54) 74 (145) 052 086(0.47-1.56), 707 (63) 726(135) 076 086(0.47-1.57),

index %, (n) p=033 p=062 p=062

*p-Value comparing centenarians with <8 vs. 28 h of sleep.
*Age and sex adjusted OR of disease for those with 28 h of sleep compared with those with <8 h of sleep.
“p-Vallie comparing centenarians who do and do not nap.

“Age and sex adjusted OR of disease for those who nap compared with those who do not nap.

“p-Value comparing centenarians with and without sleep problems.

"Age and sex adjusted OR of disease for those with sleep problems compared with those without sleep problems.
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