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Introduction

“If sleep does not serve an absolutely vital function, then it is the biggest mistake the
evolutionary process has ever made.”? In the half-century since Allan Rechtschaffen’s
declaration, studies of sleep and sleep deprivation have demonstrated that as a universal
behavior sleep serves a variety of physiological functions. As a behavior essential for
survival, and one in which humans engage in for nearly one third of their life, sleep is as
necessary as food and water.2 Although the function(s) associated with the complex
phenomenon of sleep, which involves many interacting regulatory mechanisms, remain to be
fully elucidated, one of its key roles is metabolic homeostasis.® Moreover, the health of
populations is increasingly defined by positive attributes such as wellness, performance, and
adaptation, and not merely by the absence of disease,* as well as prolongation of healthspan,
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not just extension of lifespan.® In this article, the authors will examine the concepts of Sleep
Health and Metabolic Health, and their relationships to reproductive and chronologic aging
in middle aged and older adult women.

Sleep and Sleep Health

The 2007 report of the Sleep in America poll brought national attention to the public health
relevance of sleep, particularly for women.8 Closely inter-related psychological, social, and
cultural factors associated with the transition to midlife shape a woman’s experience of
menopause and contribute to sleep disturbances, a common complaint during the
menopausal transition (MT).”:8 In their review of studies of perceived sleep quality, Shaver
and Woods’” described that more women in MT stages (i.e., perimenopause) reported poor
sleep than did women in late reproductive age to an extent that was beyond anticipated age
effects. Menopause-specific factors, aging, stress and other psychological factors, social
realities/social transitions and their associated lifestyle changes, coexisting health
conditions, and cultural factors can contribute to sleep problems and poor Sleep Health.®

Much information has accrued about the impact of sleep and sleep disorders on women’s
health since the release of the Sleep in America report. Consistent findings have confirmed
that women’s sleep disturbances increase with age, more so than in men, and the prevalence
of their sleep problems increase as they traverse the MT.10 Both sex (biological and
physiological) and gender (environmental, social, and cultural influences on the biological
factors) differences may help explain why men and women sleep differently and may
underlie their differential risk for sleep disorders.11:12 However, because menopause is
associated with changes in behavior and other biological functions such as mood swings,
anxiety/depression, and stress, in addition to sleep disturbances, symptoms that are
associated with reproductive aging may be difficult to differentiate from symptoms due to
chronological aging. Vasomotor symptoms, hormonal changes, age-associated changes in
sleep, comorbid conditions, and psychosocial factors all have been cited as factors that
contribute to the increasing prevalence of disturbed sleep in midlife women as they
transition to menopause.!3 Recent data from the Study of Women’s Health Across the
Nation (SWAN)4 and the Penn Ovarian Aging Study (POAS),15 which used the final
menstrual period (FMP) rather than MT stages, suggest that premenopausal sleep complaints
predict poor sleep around the final menstrual period, consistent with a diagnosis of a
menopause-related form of sleep disturbance. However, aside from a subgroup of ~ 15% of
women whose sleep worsened in the years around the FMP, both the SWAN and the POAS
found that following the FMP sleep complaints tended to be stable or increase slowly from
pre-FMP to post-FMP from their premenopausal baseline.

In older adults, women as well as men, large variability in sleep characteristics are observed.
Sleep is described as lighter, more easily disrupted, and associated with more frequent brief
arousals and longer awakenings. It is shorter and less refreshing, and older adults are more
likely to take daytime naps and/or adopt earlier bedtimes. In addition, older adults
experience a greater burden of general health problems, and sleep problems, such as sleep
apnea and restless legs, which become more prevalent, particularly in women during

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kravitz et al.

Page 3

postmenopause. However, few studies have specifically examined the potential benefits of
good sleep/sleep health in older adults.

Sleep Health

Metabolic

Good Sleep Health is important for successful aging. Although sleep complaints are
common in older adults, they are commonly associated with physical, environmental, and
health factors. Menopause-specific factors, aging, stress and other psychological factors,
social realities/social transitions and their associated lifestyle changes, coexisting health
conditions, and cultural factors can contribute to sleep problems and poor Sleep Health.16
Foley and associates!’ found that respondents to the 2003 “Sleep and Aging” survey who
were 65 years and older indicated an inverse association between self-perceived quality of
sleep and the number of their comorbid conditions. Buysse? defined Sleep Health as “a
multidimensional pattern of sleep-wakefulness, adapted to individual, social, and
environmental demands, that promotes physical and mental well-being.” In developing this
concept, he found that “Sleep Health” is a term that is mentioned infrequently in the
literature, and when it is, it is typically not defined. A PubMed search for this exact term
produced 150 results, and Google Scholar over 3,000, but the majority include a comma
between the words “sleep” and “health,” indicating two items in a list of related concepts.
Moreover, Sleep Health consisted of a number of different sleep parameters, including sleep
duration, sleep times, awakenings, sleepiness, and specific sleep disorder symptoms. We
conducted a more recent Ovid Medline search (December 18, 2017) and obtained 370
documents, of which 302 (82%) were published between 2010 and the search date.

To assess Sleep Health, characteristics of sleep and sleep problems can be measured on a
range of key quantifiable dimensions, including subjective sleep satisfaction, appropriate
timing of sleep, adequate duration, sleep efficiency or continuity, sustained alertness/
sleepiness during waking hours, and sleep regularity.#18 This definition does not pertain to
any specific sleep disorder, and can be used to characterize sleep multi-dimensionally across
all persons. Buysse’s* conceptual model of Sleep Health recognizes that relationships
between sleep-wake function and molecular, cellular, systems and organism-level outcomes
are reciprocal; just as sleep affects function and health, so too function and health influence
sleep-wake function.

Healthy People 2020, a U.S. government-sponsored public health initiative, includes a
section on Sleep Health that is designed to increase public awareness about the potential
adverse consequences associated with sleep loss and sleep disorders.1? Perturbations in
various dimensions of Sleep Health may be manifested as Metabolic Health consequences2°
and psychological health consequences.1®

Health

Metabolic Health is typically approached from the perspective of the metabolic syndrome
(MetS), which is clinically defined using diagnostic thresholds (Table 1).21 Most women
with type 2 diabetes meet criteria for MetS, and majority with MetS are obese or
overweight. Moreover, Metabolic Health extends to every human body system and relates to

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kravitz et al. Page 4

many chronic degenerative diseases and disability, as energy metabolism is involved in every
biological function (Figure 1). Thus, metabolism is an essential component of health.

Historically viewed as a product of insulin resistance, MetS has been recognized as a
manifestation of immunometabolic dysfunction (nutrient-energy stress induced chronic low-
grade inflammation, causing loss of metabolic control).22 It is generally accepted that energy
metabolism is in constant dynamic balance between catabolic processes to generate energy
for physical and mental productivity (at cellular and global levels), and anabolic processes to
generate “biomass” (such as glucose, fatty acids, amino acids, etc.) for repair, maintenance,
detoxification, and storage.23:24 This dynamic coupling of catabolic and anabolic processes
is regulated by circadian,25 neurological and hormonal systems,26 and tightly intertwined
with innate and adaptive immunity (thus referred to as immunometabolism).22 The dynamic
balance interval of energy metabolism (immunometabolic flexibility) narrows with age and
other factors, increasing susceptibility to chronic disease, physical and neuropsychological
frailty (for conceptual model, see Figure 1).23

In midlife women, accelerated reproductive aging is intertwined with chronological aging.
Changes in reproductive hormone milieu lead to transformation of body and selfimage,
change in psychological and physical functioning, and adaptation (or maladaptation) of
lifestyle behaviors. Moreover, immunometabolic changes during MT relate to adipose tissue
redistribution, often without changes in the overall body mass2’ with abdominal adiposity
(adipose inflammation) being central to immunometabolic dysfunction and MetS.28

Metabolic Health largely depends on individual’s lifestyle. Among all lifestyle factors,
nutrition (nutrient-energy stress) undisputedly has the most impact on metabolic
abnormalities.2® Yet food intake is affected by other lifestyle factors, with a substantial
effect of sleep, as nearly one-third of human life is spent sleeping.3°

Sleep Health and Metabolic Health: Pathobiology of Associations

Sleep can affect immunometabolism directly and through interactions with the other triggers
of immunometabolic dysfunction (Figure 1). Menopause-related sleep disturbance may
affect eating behaviors and timing. Sleep disturbance is interconnected with mood,
regulation of hunger and impulse control, thermoregulatory sensitivity, and other factors
related to metabolic flexibility in response to nutrientenergy stress.31-34 The relationship
between sleep and energy metabolism appears to be bidirectional.35-37

Vasomotor symptoms and thermoregulation

Vasomotor symptoms (VMS) are associated with more sleep complaints and impaired sleep
efficiency and continuity, with VMS primarily interrupting sleep but not shortening total
sleep duration.1415:38 A narrow temperature sensitivity interval and core body temperature
oscillations during the menopausal transition may explain the transitional nature of VMS,
and in late postmenopause when women have lower body temperature, on average,
compared to premenopausal women, these symptoms (hot flashes/flushes, night sweats) may
subside.3% A lower thermoregulatory threshold relative to an elevated core body temperature
may plausibly prolong the duration of night sweats (and VMS), which in turn may be
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associated with extended exposure to an elevated amount of wake after sleep onset (WASO)
time.

During sleep, changes in respiratory quotient (RQ), reflecting energy metabolism, appear to
follow the time course of core body temperature (decreases during the first half of sleep and
increases during the second half), as energy metabolism and thermoregulation are closely
associated.4041 Specifically, RQ and glucose oxidation decreases during the first half of the
nighttime sleep cycle, particularly the last hour of sleep, when the REM sleep propensity is
high. As such, MT-related sleep changes produce RQ shifts negatively affecting glucose and
lipid utilization and storage, characteristic of MetS.

Circadian timing and insulin resistance

Circadian timing influences the regulation of many body functions, including sleep
propensity, appetite/feeding, hormonal rhythms, and the rhythmicity of glucose and lipid
metabolism.#2 Age-related changes in sleep and circadian rhythms may contribute to and
interact with changes in nutrient intake, energy expenditure and resting metabolic rate,
physical activity (exercise, nonexercise, sedentary time), and ultimately sarcopenia and
higher body adiposity.® Misalignment of the sleep-wake cycle and melatonin rhythm may
promote insulin resistance through regulation of the endocrine system, of peripheral clock
genes, and of mitochondrial respiratory function. Sleep disturbances, including insufficient
total sleep time, poor sleep quality and insomnia, and obstructive sleep apnea, are
independent risk factors for the development and exacerbation of insulin resistance.*3
Dietary intake may modulate the effect of sleep loss on insulin resistance,** whereas
exercise may potentially mitigate some of the metabolic damage and may improve sleep
quality.*® Thus, as older adults continue to work and engage in shiftwork, the incidence of
metabolic disease may increase.*®

In a sample of midlife women participating in SWAN, circadian misalignment beyond shift
work (i.e., greater variability in bedtime advance and delay) in non-shift-working midlife
women was associated with adverse Metabolic Health.4” Sex differences in agerelated sleep
and circadian rhythm disturbances and age-related changes in sex hormones also may
contribute to metabolic disease in older adults, and the relationships between metabolic
disease and sleep and circadian rhythm disturbance may be bidirectional .48

Metabolic flexibility (the capacity for the organism to adapt fuel oxidation to

fuel availability, maintaining normal metabolic function)

Sleep typically represents a state of a relative quiescence from external environmental
stressors (as sleep-related fasting), a state that allows for cell maintenance, repair,
detoxification, cellular downscaling and memory consolidation, required for daily
maintenance of metabolic flexibility.4® Evidence suggests that chronic exposure to
environmental factors can shape the metabolic pathways directed by specific transcriptional
programs that tightly regulate the enzymes involved in cell metabolism and dictate cell fate
contributing to metabolic flexibility.%? The studies of transcriptome indicate that sleep loss
affects metabolic adaptation and flexibility from the neurocognitive perspective,! and from
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the peripheral circadian regulation perspective.>? Likewise, sleep may affect immunological
adaptation.53:54 These restorative processes prevent the organism from disintegration (the
entropy of the living systems tends to a maximum, while repair requires time and additional
energy). As such, sleep is a fundamental biological necessity.

In experimental settings sleep-related fasting is modeled as time-restricted feeding, which is
contrasted with random around-the clock feeing time, representing disrupted sleep-wake
cycle. Time-restricted feeding exerts profound effect on hepatic gene expression and
metabolites, particularly related to glucose and lipid metabolism,5® including cyclic
adenosine monophosphate (AMP) response element binding protein (CREBP), mechanistic
target of rapamycin (nTOR), and AMP-activated protein kinase (AMPK) nutrient sensing
pathways.*2 In addition, compared to random around-the-clock feeding time, restricted
feeding results in smaller adipocyte size, less macrophage infiltration of adipose, lower
inflammatory cytokine production, and more mitochondria. As such, time-restricted feeding
may be associated with better adipose tissue function and immunometabolism.

Appetite, mood and nutrient-energy stress

Sleep restriction does not significantly affect 24-hour energy expenditure.3340 In contrast,
sleep disturbance relates to positive energy balance due to increased food intake, suggesting
an additional indirect mechanism for sleep’s effect on Metabolic Health,3540:56

In experimental settings with controlled eucaloric diet, sleep restriction results in
significantly decreased concentrations of leptin, fasting peptide Y'Y levels, glucagon-like
peptide 1 and fullness, with significantly increased ghrelin, hunger and appetite,0.56-58
Experimental sleep restriction studies paired with ad libitum eating opportunities further
demonstrate that sleep restriction increases food intake, especially in the evening, and in
excess of that required for energy balance, resulting in weight gain despite changes in
hunger and satiety hormones signaling excess energy stores. Relative to men, women
maintain weight during adequate sleep, but increase food consumption and experience
weight gain during insufficient sleep.>® Thus, excess energy intake secondary to sleep
restriction is driven by both adverse changes in orexigenic and anorexigenic hormones and
food consumption.31:60.61 However, only a small number of women have been included in
experimental sleep restriction studies, so less is known about the role of adipokines in
women’s Metabolic Health. In addition, it is not known whether sleep fragmentation
concurrent with normal sleep duration, the most common type of sleep problem linked with
menopause and VMS, has the same metabolic and eating behavior consequences as
observed in sleep restriction.

Menopause-related sleep disturbance is associated with negative changes in mood.32:62.63
Moreover, negative memory bias exacerbates this association.54 The proposed mechanisms
to explain the association between sleep, mood and excessive ad libitum food intake include
sensitivity to food reward, disinhibited eating and psychological distress.®° The relation of
emotions and sleep is bi-directional: emotional processing can affect sleep, and sleep
disturbance can be associated with stress reactivity and maladaptive coping including
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excessive food intake, alcohol consumption, and reduced physical activity — all factors that
directly affect metabolism.

Menopausal hormonal milieu

The association of sleep with immunometabolic changes is stronger in midlife women than
in men. Specifically, actigraphy assessed sleep latency in women was associated with insulin
resistance and partially explained by the indirect effect of inflammatory cytokines.5¢ Loss of
ovarian estradiol (E2) leads to much lower E2 concentrations in postmenopausal women
than in midlife men of the same age,5 partially explaining sex disparities in sleep and
immunometabolism. Evidence suggests that there may be a significant bidirectional
relationship in which sleep-wake cycles influence ovarian steroids and gonadotropins, and
ovarian steroids and gonadotropin hormones influence sleep-wake cycles.68-71 Marked
fluctuations and changes in ovarian steroids and gonadotropins during the MT may
contribute to the risks for and mechanism(s) involved in the development of menopause-
related sleep disturbances and disorders.”273

The estrogen action on immunometabolism has been extensively reviewed.”4 As estrogens
decrease food intake and upturn energy expenditure, menopausal loss of ovarian estrogen
narrows the interval of metabolic flexibility, increasing susceptibility to metabolic
abnormalities when exposed to sleep disturbances and nutrient-energy stress.”®> Menopausal
hormone therapy appears to restore Sleep Health® and facilitates Metabolic Health.”8 E2 in
the physiological range mitigates immunometabolic dysfunction in adipose, cardiovascular,
and neural in vitro systems,””:’8 partially explaining pleiotropic effects of menopausal E2
loss on chronic degenerative conditions.

Sleep Apnea, Metabolic Health and Menopause

The direct relationship between Sleep Health and immunometabolism is well established,”®
with chronic hypoxia affecting oxidative metabolism and apnea-induced sleep fragmentation
affecting appetite regulation, neurohormonal regulation, adipose tissue distribution,
epigenetic phenomena and immunometabolism overall. Multiple mechanisms link
obstructive sleep apnea with abnormal immunometabolism.8% Menopause is associated with
increased risk of sleep apnea.8! Specifically, at the perimenopause each additional year in
the MT was associated with 4% greater apneahypopnea index.82 Moreover, metabolic
markers improve with treatment of obstructive sleep apnea,83 and treatment of MetS using
lifestyle modifications or bariatric surgery improve sleep apnea indices.848°

Metabolic Outcomes

Associations between sleep and metabolic outcomes have been explored in cross-sectional
and longitudinal studies.3” The prototypical metabolic outcomes pertaining to midlife
women include obesity, diabetes, and MetS.
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Obesity

A meta-analysis of 14 adult longitudinal studies reported overall 25% higher odds of obesity
with short (< 5 — 6 hours) sleep duration, but not with the long (= 7 — 9 hours) sleep
duration.86 The meta-analysis of cross-sectional studies reported negative relationship
between sleep duration and abdominal adiposity.8” These meta-analyses were not specific to
midlife women, nor do they address the specific menopause- and VMS-related sleep
problem of sleep interruption paired with normal sleep duration.

It is becoming increasingly recognized that sleep and nutrition are related, though the studies
of these associations in clinical and community samples generally have been cross-sectional
and have not involved midlife or older adults. Among 310 midlife women (mean 49.7, SD
2.0 years) who participated in the SWAN Sleep Study, cross-sectional associations between
sleep duration and current BMI were independent of sleep-disordered breathing, but
longitudinal associations between sleep duration and annual BMI change were not
prospectively associated over ~ 4.6 years of follow-up in unadjusted and adjusted models.88
Shortened sleep and sleep disturbances appear to be related to accumulation of visceral
adipose tissue in a study that included midlife women.89 Although longitudinal studies,
which are limited by reliance on self-reported duration and generally do not account for
potential confounding by sleep disordered breathing, demonstrate no consistent association
between sleep and BMI in midlife women, the evidence suggests a potential relation
between sleep and adipose tissue redistribution (visceral adiposity, increase in total body fat
and decrease in muscle), which is characteristic of MetS.2” These limitations highlight the
need for a longitudinal investigation of sleep and adipose tissue distribution (with or without
changes in total body fat) during the MT.

Diabetes Mellitus

A meta-analysis of 15 studies suggest a parabolic dose-response relationship in persons with
diabetes between sleep duration and hemoglobin Alc, and a direct association between poor
sleep quality and hemoglobin Alc.%9 Meta-analysis of ten prospective studies with follow-
up of at least three years revealed an unambiguous and consistent parabolic relationship
between sleep duration (both short, i.e., less than 6 hours, or long, i.e., more than 8 hours) or
difficulties maintaining sleep and the risk of incident type 2 diabetes.%! Moreover, a meta-
analysis of 36 studies revealed that sleep disturbances, including difficulty initiating and
maintaining sleep and obstructive sleep apnea, were associated with risk for incident
diabetes, with the effect sizes comparable to having family history of diabetes or being
overweight, and exceeding the effect size of sedentary lifestyle on diabetes risk.3% The
magnitude of the sleep effect highlights the importance of sleep in diabetes risk.

The recently published results from three studies including midlife women — the Nurses’
Health Study,%2 the Whitehall 11 study,®3 and the West of Scotland study®* — suggest
parabolic associations between sleep duration or quality and incident diabetes, with
confounding effects of obesity and behavioral factors. The majority of studies involving
individuals without diabetes, which are not limited to midlife or menopausal women, have
reported independent associations between obstructive sleep apnea (OSA) and insulin
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resistance or sensitivity and/or other measures of glycemic health, with dose-dependent
effect of OSA on such measures of metabolic impairment, though some studies were
confounded by obesity.%

Although the steepest increase in diabetes prevalence occurs at midlife, the relationship
between ovarian aging and incident diabetes proved to be difficult to ascertain. Neither
natural nor surgical menopause per se has been reported to have strong associations with
diabetes risk.”6:9 Likewise, the evidence linking menopausal reproductive hormone changes
with increased diabetes risk is weak, although rapid changes as observed with oophorectomy
may increase risk, and menopausal hormone therapy appears to reduce the diabetes risk.
Moreover, diabetes may increase the risk of ovarian failure, although studied less
extensively.”8 The effects of ovarian aging may be difficult to disentangle from the effects of
chronological aging in relation to incident diabetes due to the insidious nature (leading to
imprecise timing of diagnosis) and heterogeneity of diabetes. Moreover, results of
longitudinal studies may be confounded by methodological constraints, related to limited
glycemic outcomes across the glycemic spectrum. Also, instead of long-term glycemic
markers (e.g., hemoglobin Alc or glycated albumin) most studies use short-term glycemic
markers such as fasting glucose, which tend to have relatively poor reproducibility. The
definitions of menopausal staging may also affect the associations between MT, metabolic
outcomes and sleep factors.

Syndrome

MetS (Table 1) is more prevalent in midlife women than in men,®” and adversely affects
women more than men.%8 Women typically transition from prediabetes to diabetes with a
worse cardiovascular risk profile and a higher BMI than men. The steepest progression of
MetS to diabetes occurs at midlife.

The increased risk for the MetS during the MT28 may be linked to dimensions of sleep
affected by MT, including subjective sleep complaints such as difficulty initiating or
maintaining sleep,%® and sleep disordered breathing.100.101 A meta-analysis of 3 longitudinal
and 12 cross-sectional studies reported higher odds of MetS with short (< 5 — 6 hours), and
long (= 8 — 10 hours) sleep duration,102 and the associations of short sleep duration with
MetS are stronger in women than in men.193 SWAN investigators examined cross-sectional
associations of subjective and objective measures of sleep with the MetS in a multi-ethnic
sample of midlife women and found that objective indices of sleep continuity, depth, and
sleep disordered breathing were significant correlates of the MetS independent of race/
ethnicity, menopausal status, and other factors that might otherwise account for these
relationships, and these relationships did not differ by race/ethnicity.2°

Summary/Discussion

Sleep is a biological necessity, a complex phenomenon that involves many interacting
regulatory mechanisms, and one of its key roles is metabolic homeostasis. Sleep problems
are common complaints of midlife women, particularly as they traverse the MT. Menopause-
specific factors, aging, general health, psychosocial factors and lifestyle changes are typical
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contributors to sleep problems and suboptimal Sleep Health. Sleep Health, as defined and
conceptualized by Buysse, is a multidimensional pattern of sleep-wakefulness, adapted to
individual, social, and environmental demands, that promotes physical and mental well-
being. Consisting of a number of different parameters, including sleep duration, sleep times,
awakenings, sleepiness, and specific sleep disorder symptoms, Sleep Health can be used to
characterize sleep multi-dimensionally. The conceptual model recognizes that relationships
between sleep-wake function and molecular, cellular, systems and organism-level outcomes
are reciprocal — sleep affects function and health, and function and health influence sleep-
wake function.

Metabolism, too, is an essential component of health, extending as it does to every human
body system, because energy metabolism is involved in every biological function. Whereas
Metabolic Health depends largely on individual’s lifestyle, disturbances in dimensions of
Sleep Health may be manifested as Metabolic Health consequences. Aging in women, both
chronologic and reproductive, are associated with the onset and progression of chronic
degenerative diseases and disability, as accelerated reproductive aging is intertwined with
chronologic aging. The dynamic balance interval of energy metabolism, termed
“immunometabolic flexibility” narrows with age and other factors, increasing the
susceptibility to chronic disease, physical and neuropsychological frailty. Both sleep and
metabolism are influenced by circadian timing, and age-related changes in sleep and
circadian rhythms may contribute to and interact with changes in orexigenic and
anorexigenic hormones, nutrient intake, energy expenditure, resting metabolic rate, physical
activity (exercise, non-exercise, sedentary time), and ultimately lead to and higher body
adiposity.

To examine associations between sleep and metabolism, we have reviewed hot flashes and
sleep apnea as important causes of sleep disruption during the menopause transition together
with common Metabolic Health conditions relevant to midlife women — obesity, diabetes,
and MetS. By addressing women’s healthcare needs for these conditions, and encouraging
healthy lifestyle behaviors and activities, clinicians will be assisting them to achieve Sleep
and Metabolic Health as well as help them on the path to successful aging beyond midlife.
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Key Points:

Sleep Health comprises quantifiable dimensions that include subjective sleep
satisfaction, regularity, appropriate timing of sleep, adequate duration, sleep
efficiency/continuity, and sustained alertness during waking hours.

Metabolic Health depends largely on lifestyle and extends to every human
body system as energy metabolism is involved in every biological function.

Circadian rhythms regulate many functions related to sleep and metabolism,
including sleep propensity, hormonal rhythms, feeding behavior/appetite, and
the glucose and lipid metabolism rhythmicity.

Changes in sleep patterns associated with menopause and aging may reflect
voluntary lifestyle modifications, and disturbances in Sleep Health may result
in Metabolic Health consequences.

Menopause-related sleep disturbance may affect eating behaviors and timing,
directly affect immunometabolism, and interact with other triggers of
immunometabolic dysfunction, particularly abdominal adiposity (adipose
inflammation).
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Synopsis:

Sleep and Metabolism are essential components of health. Metabolic Health depends
largely on individual’s lifestyle. Disturbances in Sleep Health, such as changes in sleep
patterns that are associated with menopause/reproductive aging and chronological aging,
may have Metabolic Health consequences. Sleep restriction and age-related changes in
sleep and circadian rhythms may influence changes in appetite and reproductive
hormones, energy expenditure, and body adiposity. In this article, the authors describe
how menopause-related sleep disturbance may affect eating behavior patterns,
immunometabolism, immunometabolic dysfunction, and associations between sleep and
metabolic outcomes.
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Figure 1:

Sleep with other triggers of immunometabolic dysfunction and relation to healthspan,
disease, and disability in midlife women. Sleep can affect immunometabolism directly and
through interactions with other triggers.
Hormonal regulation: reproductive hormones, adipokines, and other hormones.
HALE= healthy life expectancy®

CVD = cardiovascular disease

Courtesy of R. Kazlauskaite, MD, MSc, FACE, Chicago, IL.

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2019 December 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kravitz et al.

Diagnostic criteria for metabolic syndrome

Table 1.

Criteria Thresholds

Central obesity

L 1
Waist circumference

Men: = 102 cm (90 cm in Asians/Hispanics)

. Women: = 88 ¢cm (80 cm in Asians/Hispanics)
Hypertension > 130/85 mm Hg or hypertension treatment
Fasting blood glucose > 100 mg/dL
High Density Lipoprotein (HDL) cholesterol . Men: < 40 mg/dL

Women: < 50 mg/dL

Triglyceridemia > 150 mg/dL

Diagnosis requires meeting threshold for at least 3 of the 5 criteria.

Page 19

Note that Asian and Hispanic men and women have different waist circumference thresholds than Whites and non-Hispanic Blacks (this is

partially related to body size; they tend to be shorter on average).

Modlified from Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome: a joint interim statement of the International
Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009;120(16):1642.
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