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Abstract
Before developing agriculture, herding or metallurgy, humans occupied most of the world. Multiple socioculturally-based responses supported their migration, including building shelters and constructing niches to limit environmental stressors. Sheltered settings provided social support and security during stressful times, along with opportunities for injured, aging, and frail members to survive. Modern built environments are designed for similar purposes, to support human growth, development, reproduction, and maintenance. However, extended survival in modern settings has costs. With age, muscle (sarcopenia) and bone loss (osteopenia, osteoporosis), along with somatic, physiological, and sensory dysfunction, reduce our physical capabilities, increase our frailty, and impede our abilities to interface with built and natural environments and manufactured artifacts. Thereby, increasing our dependence on built environments to maintain autonomy and quality of life.
What follows is a conceptual review of how frailty may limit seniors within modern built environments. It suggests age-related frailty among seniors provides specific data for those designing environments for accessibility to all users. It is based in human ecological theory, and physiological and gerontological research showing senescent alterations, including losses of muscle, bone, and sensory perceptions, produce a frail phenotype with increasing age limiting our mobility, activity, use of space, and physical abilities. As an individual phenotype, frailty leads to age-related physical and performance declines. As a physiological assessment, frailty indices amalgamate individual measures of functional abilities into a single score. Such frailty indices increase with age and differ betwixt individuals and across groups. To design built environments that improve access, usability, and safety for aging and frail citizens, today’s seniors provide living samples and evidence for determining their future abilities, limitations, and design needs. Designing built environments to accommodate and improve the quality of human-environment interactions for frail seniors will improve usability and accessibility for most user groups.
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	ADLs
	Activities of daily living
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	LH
	Life history

	NCD
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	QOL
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	RC
	Reserve capacity

	UD
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Background
Human habitation of Earth’s many environments prior to developing agriculture or metallurgy depended on sociocultural and biocultural systems organized to build livable microenvironments wherever they roamed [1, 2]. Along with providing microenvironments wherein adults could provision altricial offspring over an extended period, this strategy supported communal food procurement and defense [1–4]. Thereby, also supporting humankind’s evolving life history (LH: timing of gestation, infancy, childhood, attainment of adult form, reproductive effort, survival), including dependent young and biocultural reproduction [2, 4]. Modern human offspring require parental investment over approximately two decades before they are sufficiently mature to not only produce offspring, but also sufficiently skilled socially to nurture and fledge them [2, 4–6]. Over human evolution, fully dependent altricial offspring became our species’ hallmark, along with culture, language, sociality, tool use, and built environments. These contributed to reduced stressor exposures and aided humans in retaining sufficient physiological capacity to survive decades beyond their reproductive prime.
This shared adaptive suite in conjunction with humankind’s physiological adaptability produced an array of modern regionally successful phenotypes, inhabiting multiple environments, all maintaining sufficient physiological capacity to survive 75+ years (Table 1) [1, 2, 6, 7]. High survival to late life, ages 75+ years, worldwide suggests emergence of a post-reproductive human LH period. One characterized by investing remaining somatic capacities into somatic maintenance and survival. As survival has improved, ubiquitous age-related somatic declines have been observed: physiological dysregulation, sensory losses, sarcopenia, osteoporosis, chronic degenerative conditions, and non-communicable diseases (NCD); along with detrimental alterations in our genome, microbiota, cells, tissues, and organs. Collectively, stressors, whether intrinsic or extrinsic, negatively alter neurological, physiological, and somatic function contributing to senescent change and dysfunction as we survive past our prime reproductive years [8–11]. Here, I explore how frailty, a remodeling of somatic structures secondary to muscle and bone loss characterized by reduce physical and sensory abilities, provides an evidentiary base likely to aid those designing and redesigning built living spaces to improve accessibility by increasingly frail seniors, while also accommodating their limitations.Table 1Percent born surviving to selected ages (%) and percent in population (%p) at specific ages 70 and 85 years plus, and life expectancy at age 75 years in selected nations


	 	Age 70
	Age 85

	Nation
	Men
	Women
	Men
	Women

	 	%
	%p
	ex
	%
	%p
	ex
	%
	%p
	%
	%p

	Japan
	75
	(9.0)
	13.5y
	88
	(13.5)
	17.7y
	29
	(1.3)
	59
	(2.3)

	UK
	70
	(8.9)
	11.9y
	81
	(13.5)
	14.7y
	21
	(1.0)
	39
	(2.8)

	USA
	65
	(7.4)
	12.8y
	79
	(10.8)
	15.5y
	24
	(0.9)
	42
	(2.1)

	Sweden
	75
	(10.7)
	12.8y
	85
	(15.3)
	15.9y
	27
	(1.4)
	47
	(3.1)

	Ecuador
	61
	(2.6)
	12.1y
	71
	(3.3)
	14.2y
	**
	(0.2)
	**
	(0.4)

	India
	41
	(2.9)
	10.0y
	47
	(3.0)
	11.4y
	**
	**
	**
	**


Source: Demographic Yearbook 1996, 1998, 2000, United Nations Department of Economic and Social Affairs, New York. Percent surviving based upon data 1992–96 India, 1994, UK and Ecuador, 1999 Sweden. Expectation of life based upon data from 1992 to 96 India, 1995 Ecuador, 1998 USA, 1999 Japan, Sweden, and UK (** indicates data were not available for this item) [12–14]



Long-term evolutionary trends pattern senescent related somatic, physiological, and functional declines. The pace of declines varies between individuals and groups due to genomic attributes, environmental settings, sociocultural conditions, physiological resilience, and individual experiences [8–10]. Multiple evolved trade-offs and compromises in our skeletal, muscular, physiological, and neurological systems increasingly alter human bipedality locomotion as we age, a clear indicator of declining function. With age, our skeletal structures experience breaks, degenerative joint disease, torn ligaments, crushed menisci, collapsed and crushed vertebrae, osteoporosis, and other degenerative conditions. These limit mobility and contribute to increased skeletal frailty. Species wide patterns of muscle and bone loss, changing anthropometric dimensions, physiological, sensory, and functional declines, losses of abilities and reduced mobility, provide useful data for those designing senior living environments to improve accessibility and accommodate frail residents.
Across built environments of the 20th - twenty-first century, increased survival (Table 1) reflects social, medical, and technological advances in providing sufficient food, shelter, sanitary systems, public health, and biomedicine to about 7.7 billion people worldwide. Although common, late-life survival still varies widely across populations, e.g., 41% of men and 47% of women in India survive 70 years, while in Japan 75% of men and 88% of women do (Table 1). Life expectancy at age 70 is relatively consistent across populations (10.0 to 13.5 years men; 11.4 to 17.7 years women), as it is at 85 years (Table 1). Such survival increases proportions of seniors within populations (Table 2), and thereby the number at risk for degenerative conditions, disability, dysregulated physiology, and frailty [1, 15–18]. With age, our abilities to interact with natural and built environments decline, reflecting declining strength, mobility, perceptions, and increasing frailty. Such limitations may also reflect failures of human-environment interfaces to accommodate frail seniors when designed for healthy and hale phenotypes. In general, congregate living/residential communities, private homes, their artifacts (e.g., furnishings, fixtures, décor, tools, implements), interiors (e.g., hallways, kitchens, baths, private rooms), and apparatuses (e.g., baths, beds, lighting, plumbing, showers, windows) were not designed to accommodate fully functional and physical declines among frail seniors.Table 2Life expectancy at birth 1960 and 2016 and percent increase in population aged over 50 years in selected nations


	Nation
	1960
	2019
	% Increase

	Japan
	68
	84
	23.5

	UK
	71
	81
	14.1

	Sweden
	73
	83
	13.7

	USA
	70
	79
	12.9

	Ecuador
	53
	77
	45.3

	India
	41
	70
	70.7

	China
	44
	77
	75.0

	Poland
	68
	78
	14.7


2019 Data: The World Bank 2018, Life Expectancy at birth accessed 12 November 2018 [19].. https://​data.​worldbank.​org/​indicator/​SP.​DYN.​LE00.​IN. 2016 Data [1]



Based on human ecological theory and research across physiological anthropology indicating environments become more influential on human function and physical abilities with age, this conceptual review explores age-related declines in human abilities and increasing frailty [1, 3, 5, 20–22]. Herein, I illustrate how declining physical capabilities and function underlie increasing systemic frailty with age that limit seniors’ abilities to interact with their natural and built environments. My goal for documenting late-life frailty and human-environment interactions is to present data in support of designing functional housing for accommodating frail seniors, while enhancing their well-being and quality of life (QOL).
Although paced differently across individuals, everyone’s cognitive and physical abilities, physiological function, resilience, and strength decline with age. Similarly, all who achieve late life eventually experience frailty, leaving them dependent on residential and environmental settings for accommodating their limitations. Given all seniors experience unique socioenvironmental stressors over their lives, sources of age-related variation are complex. However, in aggregate late-life somatic declines and frailty are predictable, patterned, and trackable. Understanding this late-life frailty potentially aids in developing built environments to better accommodate not only frail seniors but all who require such. This requires empirical and observational data on how seniors’ capabilities change, and frailty increases with age. Attention to functional and physiological changes and increasing frailty of seniors during late life while designing and redesigning residential settings is likely to aid in supporting their mobility, activity level, health, and QOL, while also possibly limiting additional frailty [21, 23–25].
Major demographic changes shaping populations over the twentieth century and into the 21st were declining birth rates and increasing survival rates. Improved survival led to worldwide increases in septuagenarians, octogenarians, and nonagenarians and 50% survival to 85 years in some populations (Table 1). Concurrently, frailty and disability shifted to older ages. Changing demographic profiles, increasing lifespans and frailty challenge governments and designers to provide appropriate housing options for seniors. Further, they challenge physiological anthropologists and other researchers to provide an empirical base for developing housing and environments that accommodate observed somatic losses, declining capabilities, and increasing frailty of older citizens [22, 24, 26, 27].
Aging and the aged
Following reproductive adulthood (~ 55 years), mortality increases exponentially as lifelong stressor exposures, deteriorating molecular, physiological, and cognitive processes differentially affect individuals [1]. Current survival patterns of increasing survival suggest a late-life LH phase is now being expressed by humans in built environments worldwide [1, 5, 6]. A LH phase characterized by chronic, progressive, and deleterious alterations in body habitus, physiological function, bone and skeletal structures, strength, physical capabilities, sensory perceptions, endurance, and resilience, i.e., senescent biology [5, 6, 28]. Such alterations decrease physical and physiological capabilities, function, and physical activity, contribute to frailty, hamper mobility, and alter how individuals use space [29]. Before using environmental designs to accommodate seniors diminishing physical capabilities and functional needs, it is necessary to first document and understand their patterns of age-related somatic and sensory losses [22].
Senescent biology
Following reproductive maturation, humans generally maintain their maximum capacities through an adult period of reproductive effort, approximately ages 20–50 years [1, 5, 6, 11, 28, 30, 31]. Thereafter, species-specific LH traits interacting with individual genomes play out within a context of ancestral backgrounds, socioenvironmental experiences, and the availability and security of built environments, jointly structuring individual reactivity, endurance, resilience, and, ultimately, frailty. Following a period of maximum somatic strength and function during adulthood, use and disuse, stressor-related damage, wanning endurance and resilience, and cellular senescence consistently promote a frailer senescent phenotype [1, 5, 6, 31]. As early as our fourth decade, we show reduced strength secondary to incipient muscle and bone loss [18, 32–34]. Concurrently, physical decrements, along with cognitive and sensory losses alter our perceptions of the world and others. This leaves seniors more dependent on their built environments for support than younger cohorts as frailty and increasingly limited abilities alter their human-environment interactions.
Changing phenotypes
As we age, our phenotypes differ significantly from earlier optima [1, 28, 31, 35]. Reduced muscularity, strength, statue, and sensory perceptions are obvious. Less obvious are altered cells and organs, losses of active mitochondria, and slowed neurological and physiological responses. Muscle and bone losses alter body composition and habitus (e.g., percent muscle, bone, and fat, weight, skinfolds, fat distribution), while reshaping our somas (e.g., height, sitting height, waist/hip ratio) and reducing functionality. Strength, endurance, and sensory perceptions (e.g., visual, auditory, tactile) decline, while physiological parameters (e.g., blood pressure, glycaemia, hormone profiles, energy use) are reset to accommodate current needs and limited capabilities. Jointly, these diverse processes underlie physical instability, altered postures and gaits, reduced balance, muscular-skeletal function and mobility.
Longitudinally assessed anthropometric, biometric, and physiological trait distributions identify ranges and changes in quantitative phenotypes. For example, in both longitudinal and cross-sectional analyses, height, weight, strength, and even BMI tend to decrease as we age (Tables 3, 4, 5). Unfortunately, due to small numbers surviving, final age groups for such distributions frequently are truncated at 65+ or 70+ years. However, phenotypic variation continues accumulating well into our 8th, 9th, and latter decades. To design spaces capable of accommodating frail seniors while fitting their ergonomic needs requires population-specific data on variability in quantitative and qualitative phenotypes as these change through late-life (Tables 3 and 4 illustrate height, weight, strength variability at older ages).Table 3Average height (cm), weight (Kg), and body mass indices (BMI) of adults by age group in the United States 2015-2016a and Japan 2016b,c


	 	Men
	Women

	Age
	Height
	Weight
	BMI
	Height
	Weight
	BMI

	United States

	 20–39
	176.1
	89.3
	28.7
	162.7
	76.0
	28.7

	 40–59
	175.8
	91.1
	29.4
	162.1
	80.0
	30.4

	 60+
	173.4
	88.3
	29.3
	159.3
	75.5
	29.8

	 All
	175.4
	89.8
	29.1
	175.4
	77.4
	29.6

	Japan

	 30–34
	172.7
	67.6
	22.6
	157.5
	51.7
	20.8

	 50–54
	167.6
	68.5
	23.6
	157.5
	53.1
	21.4

	 65–69
	165.1
	63.5
	23.3
	152.4
	52.2
	22.5

	 75–79
	162.6
	61.2
	23.2
	149.9
	50.4
	22.4


aMean Body Weight, Height, Waist Circumference, and Body Mass Index Among Adults: United States, 1999–2000 Through 2015–2016, Table 1: weight and 3: height [36]. https://​www.​cdc.​gov/​nchs/​data/​nhsr/​nhsr122-508.​pdf Accessed 10/18/21
bHeights and weights of Japanese men by age group [37]
http://​nbakki.​hatenablog.​com/​entry/​Average_​Weight_​of_​Japanese_​2016 and http://​nbakki.​hatenablog.​com/​entry/​Average_​Height_​of_​Japanese_​2016.​ Accessed 10/​18/​21. Source: Japan Sports Agency
cAverage Weight of Japanese, 2016: Ministry of Education, Culture, Sports, Science and Technology [38]
https://​nbakki.​hatenablog.​com/​entry/​Average_​Weight_​of_​Japanese_​2016 Accessed 11/12/21


Table 4Heights, weights, standard deviations, and p-values for liner trends in height and weight 1999–2000 to 2015–2016 among adult men and women by age group in the United Statesa


	1999–2000

	 	Men
	Women

	Age Group
	Height
	Weight
	BMI
	Height
	Weight
	BMI

	20–39
	176.2 (0.2)
	84.3 (0.9)
	27.2
	163.2 (0.3)
	73.4 (1.0)
	27.9

	40–69
	176.3 (0.4)
	88.1 (1.2)
	28.3
	162.8 (0.4)
	76.8 (1.3)
	28.9

	70+
	173.5 (0.3)
	85.2 (0.8)
	28.3
	159.0 (0.2)
	71.6 (0.6)
	28.3

	2015–2016

	 	Men
	Women

	 	Height
	p
	Weight
	p
	BMI
	Height
	p
	Weight
	p
	BMI

	20–39
	176.1 (0.3)
	.096
	89.3 (1.4)
	<.001
	28.8
	162.7 (0.4)
	.407
	76.0 (0.8)
	<.001
	24.2

	40–69
	175.8 (0.4)
	.096
	91.1 (0.9)
	.032
	29.5
	162.1 (0.4)
	.041
	80.0 (1.4)
	.026
	30.4

	70+
	173.4 (0.5)
	.965
	88.3 (0.8)
	<.001
	29.3
	159.3 (0.5)
	0.588
	75.5 (1.2
	<.001
	29.7


aMean Body Weight, Height, Waist Circumference, and Body Mass Index Among Adults: United States, 1999–2000 Through 2015–2016, Table 1: weight and 3: height [36].. https://​www.​cdc.​gov/​nchs/​data/​nhsr/​nhsr122-508.​pdf Accessed 10/18/21


Table 5Averages, 10th and 90th percentiles, and percent declines in average handgrip strength (kg) by age group for men and women in the USA, China, and Mexico (percentiles not available for Mexico)


	United States

	 	Men
	Women

	Age Group
	Grip
	Percentiles
	Percent
	Grip
	Percentiles
	Percent

	 	 	10%
	90%
	Decline
	 	10%
	90%
	Decline

	25–29
	47.0
	33.7
	66.2
	 	29.6
	20.2
	39.7
	 
	60–69
	38.4
	23.3
	52.5
	18.3
	23.6
	11.7
	31.2
	20.3

	80–85
	28.1
	15.6
	38.2
	26.8
	19.9
	14.5
	27.0
	15.5

	China

	 	Men
	Women

	Age Group
	Grip
	Percentiles
	Percent
	Grip
	Percentiles
	Percent

	 	 	10%
	90%
	Decline
	 	10%
	90%
	Decline

	18–29
	35.6
	28.9
	41.7
	 	22.0
	15.9
	27.6
	 
	60–69
	29.5
	21.8
	38.7
	17.1
	18.6
	13.1
	24.0
	15.5

	80+
	20.9
	12.5
	27.8
	29.2
	13.6
	8.6
	18.5
	26.9

	Mexico

	Age Group
	Men
	Percent
Decline
	Women
	Percent
Decline

	20–29
	44
	 	28
	 
	60–69
	38
	13.6
	22
	27.3

	70+
	33
	13.2
	22
	0.0


Data Sources: Mexico [39], United States [40], China [41]



Many quantitative physical (e.g., weight, stature, walking speed) and physiological biomarkers (e.g., blood pressure, fasting glucose, heart rate) vary with age. More extreme phenotypes (e.g., hypertension, hyperglycemia, extreme overweight or underweight) tend to experience earlier mortality. Those closer to their cohort averages, tend to survive into later decades. Consistent associations of such biomarkers, along with other neurological, physiological, somatic, and immunological assessments of dysfunction with mortality support use of biomarker composites as estimates of individual health, frailty, disease, and death [42–48]. Such composites generally include biomarkers of neurological, physiological, somatic, and immunological dysfunction that differ between age groups. Biomarker-outcome (e.g., mortality) associations generally are similar across groups, but not always. One consistent finding, seniors with lower abdominal fat and/or BMI show elevated mortality risk, contrary to observations on younger cohorts [49–51]. In a similar fashion, elevated cholesterol is less closely associated with risk of death at older ages. Such reversals and absences of association may not reflect reduced risk. Rather earlier selective mortality or detrimental physiological alterations elsewhere may differentially influence related risks with increasing age.
Body habitus and mobility
Anthropometric variation
Anthropometric assessments originally were developed to monitor child growth and development and led to standardized growth charts [52]. Later, anthropometry was extended to assessing adult health across populations and lifetime variation in body habitus [53, 54]. Worldwide, humans tend to follow a consistent pattern of growth, development, maturation, and aging [2, 4]. At older ages, we tend toward greater variation in life-long somatic trajectories but generally we are shorter and lighter than our cohort averages at middle age. In the USA and Japan seniors show shorter heights and lower weights than their middle-aged compatriots. They also are shorter than their cohorts during midlife but show a similar BMI (Tables 3 and 4), suggesting slightly shorter phenotypes may have survived longer.
Skeletal change
Osteoporosis (loss of bone matrix) is a universal of human aging [55]. As bones become increasingly porous and fragile, strength and mobility are reduced. In addition, damaged cartilage, ligaments, and tendons, along with compressed/fractured bones, arthritic joints, damaged/collapsed intervertebral discs, flat feet, and contractures impair skeletal function, reducing physical activity and contributing to frailty. Stress also enhances glucocorticoid excretion, promoting apoptosis of bone-forming cells [56]. At reproductive maturity, women show less dense and robust bones than do men. They also experience more rapid bone loss over their lives, including post-menopausal osteoporosis [18, 56]. Bone loss with age is further compounded by collagen cross-linking in tendons and ligaments, another contributor to postural and gait alterations limiting mobility. As bone loss proceeds, sitting height declines, while leg length remains relatively stable, leaving seniors with shorter sitting and standing heights. As a result, they may be poorly accommodated by chair backs, seat heights, and facilities designed for taller, more robust, and stronger individuals [57, 58]. By altering agility, balance, and gait, age-related bone loss also contributes to frailty.
Dysregulated bone physiology has somawide detrimental effects. Altered skeletal biology may limit hematopoietic cell output, alter immune function, or reduce systemic oxygen-carrying capacity, compromising overall health and increasing frailty. Consequent to differences in physical activity, nutrition, trauma, and senescent biology, bone loss and skeletal dysfunction occur at variable rates and ages, but ultimately affects all. United States Medicare beneficiaries illustrate the ubiquity of age-related bone loss. In 1999–2005, of recipients aged 65+ years, 25% reported osteoporosis; among those receiving benefits 6–7 years, 42% of women had osteoporosis, 10% of men did [18], suggesting women live with greater frailty than men in later life. This also may reflect selective mortality, as fewer men survive to older ages.
Skeletal function
At all ages, appropriate skeletal function and biomechanical stability promote mobility, sociality, physical activity, health, and survival. Skeletal and muscle cells are integral to systemic biology, participating in blood cell production, immune competency, calcium and potassium balance, and mineral storage. As we age, bone microfractures are less fully repaired, leaving bones weaker; collagen glycation contributes to brittle, hard, and less elastic cartilage and compressed intervertebral disks, further limiting activity. Concurrently, cartilage on articular surfaces hardens, becoming brittle and compressed, while damage from wear and tear, accidents, injuries, and fractures accumulate. With cellular senescence aggravating this cycle, integrated systems supporting mobility deteriorate and functional losses lead to low physical activity and greater frailty.
Height, weight, BMI
In addition to musculoskeletal changes leading to sitting height reductions with age, secular trends in stature contribute to older cohorts being shorter and lighter than their younger counterparts and themselves during middle-age (Tables 3 and 4). In 2005, Japanese men aged 60–67 were 8 kg lighter than when aged 40–49, and lighter than men aged 40–49 years [59]. Similarly, across eight samples, Annis [57] reported weight gain through the fifth and sixth decades, gradual loss through the eighth decade, and rapid loss thereafter (Tables 1 and 2, p.383). Over recent history, taller adults have experienced higher mortality than shorter; a trend clearer from the1960s through 1980s, than more recently [57, 60]. Among men, height decrease ranged − 1.2 cm to − 9.9 cm, among women − 1.4 to − 6.3 cm, between ages 20–29 to 60–69 years across eight samples [57]. Similarly, long-lived Okinawan men (ages 87–104 years) are shorter and weigh less than nonagenarians and older long-lived men (ages 100–105) residing elsewhere in Japan [61]. Okinawan women show a different pattern, being taller and heavier at ages 87–104 than Japanese women aged 100–105 residing elsewhere in Japan [61]. However, in this comparison Okinawan women are significantly younger than are centenarian Japanese women from elsewhere. Overall, in both USA and Japan, those surviving to later ages are shorter than their middle-aged counterparts (Tables 3 and 4). Shorter height may not associate significantly with older age in all settings. For example, in the Netherlands Cohort Study (120,852 men and women ages 65–70 at baseline, self-reported data), men attaining their 90th birthday showed no significant difference in height compared to those who did not, while women surviving to 90 years were significantly taller than those not [62]. Although appearing contrary to the general trend, in addition to being self-reported, these data do not represent a complete birth cohort, only those who survived to ages 65–70 were included. It is not known if survivors to age 65–70 and age 90 years were shorter or taller than their cohorts were when 30–40 years, the more accurate comparison group. Across populations, a majority of height loss with age is sitting height [57], suggesting height loss reflects spinal alterations and compression, e.g., collapsed vertebrae, osteoporosis, work and activity related injuries, and stressors. Such spinal degeneration impinges on balance and gait and limits mobility, contributing to frailty. Contrary to these historical analyses, in recent decades, across many settings worldwide, taller people are surviving longer, while experiencing less frequent death from heart disease and stroke than shorter [63, 64].
Sarcopenia
Muscle loss is directly and independently associated with chronic disease and shorter life spans [65]. With increasing age, sarcopenia affects everyone, with women commonly affected at earlier ages [32]. Sarcopenia reflects lifelong behaviors, occupations, lifestyles, experienced stressors, and innate biology. Given less robust and weaker muscles, along with osteoarthritis, bone loss, compressed/fractured vertebra, and damaged knees, seniors tend toward altered gaits, locomotor instability, greater double support (time balanced on both feet), shuffling, and stooped postures. In addition, knee, leg, and back pain limit agility, physical activity, and mobility, while increasing risks for accidents and falls and compounding frailty.
Activity patterns and mobility
Across populations anthropometric dimensions of seniors differ from younger adults, indicating less robust physiques (Tables 3 and 4) [28, 66]. With increasing age, declines in strength, physical, and physiological capabilities limit abilities to accomplish necessary tasks of life (e.g., self-care, mobility). Across species, late life predicts somawide reduced/compromised physiological capabilities: e.g., nerve conduction velocity, hormone titers, blood pressure, stressor responses, diurnal cycles, compared to earlier adult ages. Interactively, these alterations limit physical activity and strength-related tasks, inhibit self-care, and reduce mobility, compounding frailty and producing variable capabilities and activity patterns among seniors. As losses continue, endurance and resilience are compromised, contributing to frailty, and further reducing interpersonal and environmental engagement. Whether residing alone, with a spouse, or in congregate residential settings, seniors with limited mobility experience limited social interactions, increased isolation, less life satisfaction and lower QOL [67].
A major goal of aggregate senior housing designs is providing support for residents’ continuing function, independence, physical activity, and mobility, while enhancing their abilities and accommodating their limitations. For example, walking gaits and mobility aids used by many frail seniors are less compatible with some indoor walking surfaces (e.g., carpets, runners, tiles) and outdoor (e.g., gravel), than they are with some natural surfaces (e.g., wood, grass) or even concrete. However, tile, concrete, and asphalt are compatible with the wheeled carts, chairs, equipment, and sanitation needs common to congregate residential settings. When wet, these increase risks for falls, muscle, and skeletal damage, particularly among mobility impaired residents.
Over recent decades, newly designed and renovated residential senior housing projects have moved toward more accommodating designs. Many have replaced steps with ramps where possible, installed wider elevators, doorways, and hallways, and/or improved resident access to interior and exterior environments. Incorporating access to outdoor areas, gardens, interior/exterior courtyards, internal and exterior walking, wandering, and rolling pathways also supports resident mobility and physical activity, while enhancing their sociality, well-being, and health, and possibly limiting additional frailty [68]. Still, seniors do not share identical phenotypes. Their lived experiences in variable environmental settings produce a range of cognitive and physical phenotypes at older ages. Built environments designed for access by and accommodation for highly variable, frail seniors will improve their mobility, physical activity, and social engagement, while also enhancing accessibility for all age and ability groups. Connecting interior with exterior spaces improves physical activity, while allowing residents to engage with nature, access sunlight and fresh air, and exercise their visual and audio acuity, activities known to improve well-being and reduce stress among seniors.
Physical abilities likely directly influence seniors’ housing choices. Both quantitatively (accelerometer) and qualitatively (self-reports), at ages 60+ years seniors in private homes engage in and report greater physical activity than those in congregate settings [69]. In general, less frail seniors may choose to remain at home, while frailer seniors choose congregate settings. Designing to maintain and improve residents’ well-being and limiting frailty through physical activity, represents a priority for congregate senior residential settings. Given living in private homes requires greater physical activity, promoting similar activity patterns among residential seniors may be a useful design consideration when building environments for seniors. Doing so requires observational and self-report data on activity patterns and social interactions among seniors living in private homes. Such data may spark innovative design concepts for improving physical abilities and reducing frailty among seniors residing in congregate settings. Although design attributes may not reduce frailty to levels seen among independent-living seniors, they may aid in slowing the progress of frailty, while improving mobility, health, and QOL.
Sensory losses
Beyond somatic and physiological limitations, with age our neurological innervation and signal processing speed and capacity decline, reducing sensory acuity [28, 35, 70, 71]. These alter perceptions, increase response times to stressors, impair health, limit mobility, hinder socialization, and reduce QOL and life satisfaction. Sensory losses also inhibit abilities to perceive our environments, artifacts therein, food aromas and tastes, and sense dangerous odors.
Sight
Even without obvious pathology, visual acuity declines with age [28]. Secondary to stressor exposures and senescent biology, lenses become opaque, cataracts form, macular degeneration progresses, and pupils dilate slower reducing accommodation, while our abilities to perceive the visual spectrum and differentiate shapes, colors, and textures decline [24, 63, 64]. Multiple environmental (e.g., dust, pollen, ultraviolet radiation, wind, infectious and parasitic organisms), sociocultural (e.g., hazardous occupational exposures, violence, diets, availability of medical care and surgery), and personal factors (e.g., exposure to ultraviolet radiation, accidents, toxins, self-care, behaviors) influence sight among seniors. Across individuals, properties of their visual cortex and eyes respond differentially to variable lighting sources, natural and artificial light, its intensity, brightness, and color, significantly influencing visual acuity and perception. Multiple aspects of built environments, sizes, colors and shapes of spaces, time of day and structural features, furnishings, and users’ activities influence individual abilities to see.
Lighting, along with furnishings and color, set the mood for a space, influencing perceptions, emotions, and behavior even in identical spaces [72–74]. By accentuating properties and functions of a space, lighting systems identify its current use. Within and outside residences, lighting provides navigational and location cues, accommodating visually and directionally impaired residents. Variable lighting types also influence perceptions of color and texture. In congregate settings, inappropriate lighting may alter the look of food making it appear off-colored, oddly textured, or less than fresh, thereby possibly influencing food choices [75], and limiting caloric and nutritional intakes.
Many natural and artificial lighting options are available to fulfill interior and exterior illumination needs for safety, mobility, and activities whether in congregate or private housing. For task-specific spaces: e.g., completing activities of daily living (ADLs) and instrumental activities of daily living (IADLs), bathing, self-care, food preparation/consumption, entertainment, physical activity, and sleep; multiple possibilities are available. Importantly, within congregate communities, lighting type identifies specific locations, pathways to them, stairwells, and elevators. Variable lighting also demarks personal, community, interior, and exterior areas. As individuals vary in their perceptions of comfort, brightness (lumens) and color (light appearance) of lighting within spaces should be adjustable to user preferences for that settings. Determining appropriate illumination depends on knowing intended purpose of the space, types of activities, expected occupants, and proposed furnishings. For senior residences, one suggestion is general lighting within the community be high lumen (1600+) with a relatively cool color temperature (3000–4000) [76]. This should provide appropriate illumination in public areas, e.g., dining, food service, lounging, reception/visiting, while accommodating all users, including visually impaired [76]. Within less public and more private areas, a variety of lighting patterns and illumination levels may be appropriate. Remote controlled adjustable lighting is a basic enhancement for private and communal spaces. This allows each occupant to achieve their current personal preferences, while better accommodating visual impairments, mobility limitations, and frailty, and supporting autonomy. Throughout congregate communities, ceiling, wall, floor, table, and corner lighting provide both ambient and guide lighting. Accent lighting enhances design features, drawing attention to specific items and visually augmenting characteristics of a space. Conversely, task-specific lighting provides sufficient brightness and color temperature to enhance completion of specific activities, e.g., bathing, cooking, reading, writing, TV-watching. To enhance visual acuity, within private settings, task-specific lighting should be adjustable to individual residents’ physical needs and capabilities. Type and quality of lighting exposure also may influence personal health. For example, Yasukouchi et al. [77] compared participant responses under either incandescent or Rayleigh scattering lighting. With Rayleigh lighting, participants reported feeling more natural, while also showing lower blood pressure and cortisol arousal, and higher nocturnal melatonin secretion. In senior housing, Rayleigh skylights may be useful for improving affect, while also reducing physiological risk factors. Conversely, excessive overhead lighting may convert a space from appearing warm and inviting, to feeling artificial and less than homelike. In senior housing, lighting designs combining multiple light sources, overhead, table, floor, and accent lighting and remote control provide more balanced lighting schemes.
Before designing lighting and illumination patterns for new or existing residential communities, participation observation, including interviews with and reports from current residents, staff, visitors, and administrators of existing communities, is necessary to determine specific lighting goals and appropriate designs to achieve them. An important final design step is post-occupancy follow-up with residents and stakeholders to determine how designs fit needs, thereby contributing to a growing database on accommodating lighting and other design items to frail and hale seniors [77, 78].
Hearing
As does sight, auditory acuity fades with age, altering our perceptions and awareness of others, social cues, environmental risks, and stressors. Faded hearing also slows response time to alarms, announcements, and traffic and leads to loud voices, televisions, radios, and phones. With age, reduced sensitivity to audio frequencies, tinnitus, and other issues interferes with auditory comprehension, and hearing aids become common. Many existing homes and congregate residences were designed with less attention to accommodating late-life auditory impairments than today [79]. Exterior designs have a long history of noise abatement, e.g., shrubs, trees, logs, fences, stone walls, embankments, while interior noise abatement has been more limited in application [79]. Modern interior designs incorporate multiple sound-retarding features, drapes, acoustic panels, spongy fiber, wool, wood, cement, and laminated walls, floor coverings, and furnishing. Additionally, new construction is being designed with multiple structural factors to limit sound propagation, e.g., decoupling structural elements, internal damping, insulation, and air spaces [80]. As designers increasingly address interior sound abatement, this list of sound reducing possibilities is expanding [79]. For interior spaces, barriers, e.g., walls, half walls, live and artificial plantwalls, and other dividers, along with sound-retarding furnishings, decorative elements, spatial layouts, and smaller spaces, reduce sound propagation. Over the late twentieth century, a major design trend for private and congregate housing was great rooms and multipurpose areas wherein activities, e.g., dining, entertainment, TV watching, were combined into one space. Designed to unify family and group activities [81], large open spaces may poorly accommodate frail seniors, or those with limited hearing. Research also suggests interior designs reflecting seniors’ past homes, with traditional-sized spaces similar to those wherein their lifelong social interactions with family and friends occurred, furnished with homelike and natural products (e.g., wood, stone, bamboo) and plants, provide more relaxing and natural acoustical settings [72, 73, 82, 83]. Such settings may better accommodate seniors’ auditory and visual needs, while supporting their communication abilities and providing feelings of familiarity and home.
Taste and smell
As taste buds and olfactory neurons decline in number, cease function, alter internally, senesce, or do not respond due to dysfunction elsewhere with age, acuity of taste (gustation) and smell (olfaction) decline. Of our five tastes (i.e., salty, sweet, bitter, sour, umami), salty and sweet tend to decline most with age. Subsequent reduced taste sensitivity may predispose to overuse of salt and sugar as condiments, thereby contributing to risks for hypertension, diabetes, and other NCD. Taste bud losses and aroma-sensing neuron declines may reduce intakes of necessary dietary components, e.g., vitamins, proteins, carbohydrates, fiber, fats, increasing risks for malnutrition, undernutrition, and associated health problems. As such, altered taste and olfactory sensitivity may lead to reduced dietary breath and nutritional insufficiencies. Nutritionally complete diets are basic to good nutrition for all, but particularly seniors. Undernutrition and malnutrition increase seniors’ risks for frailty, morbidity, and mortality [84].
How prepared food appears, smells, tastes, and its mouthfeel (tactile perception) influence food choice and thereby dietary adequacy. Olfactory losses may alter aromas and tastes of foods. Other than proper ventilation and sanitation facilities, few design features are available to attenuate dietary issues related to food taste and aroma. Among those with visual problems, food may appear unnatural in color or texture, making it less appealing to eat and difficult to distinguish among different food types. Olfaction determines how food aromas are cognitively interpreted, and related cognitive losses may reduce or alter food intake, thereby influencing health. Besides limiting nutritional intakes, reduced olfactory sensitivity is a physiological risk, Rawson et al. [85] reported 45% of seniors could not detect the smell of natural gas in their environment. As mentioned earlier, lighting schemes may aid in enhancing food appearance and color, thereby improving consumption. At all ages, nutritionally complete diets are basic to good nutrition. In any setting, appropriately designed kitchens and serving areas with sufficient space allow appropriate, appealing, and tasteful foods to be provided.
Tactile
Tactile sensitivity (touch), kinesthetic perceptions, and sensitivity of skin to temperature fluctuations decline with age. Responsiveness of proprioceptors along with output from fibroblasts (e.g., collagen, extracellular matrix) and dermal cell numbers decline, while underlying skin layers atrophy, dermal layers shrink, thin, and become less pliable. Losses of subcutaneous fat and dermal tissues, cross-linking of collagen fibers, and decreased innervation reduce sensitivity to external temperature changes, while increasing response time to core temperature changes. During heat waves, poor response to overheating contributes to higher mortality among older and immature age groups than among reproductive age individuals (see for example: China [86], Europe [87]. Skin, a protective barrier from the environment, thins with age increasing susceptibility to injury and infection and reducing environmental awareness and perception. In association with visual losses, age-related declines in tactile sensitivity reduce our abilities to negotiate natural and built environments and mobility.
Variability in genotypes, environments, growth and development, and investments in somatic maintenance contribute interactively to sensory and perceptual losses. In turn, sensory losses may contribute to decreased dietary breadth, poor nutrient intakes, muscle loss, reduced physical activity, slowed response to stressors, decreased mobility, and frailty. All who survive to late life experience changes in their sensory perceptions. By understanding how our sensory abilities decline with age, those developing residential settings have models and evidence to aid them in supplementing, accommodating, and overcoming limitations imposed by senescent biology through the design of our built environments.
Male-female differences
One additional, oft under-considered fact when designing residential settings for seniors, whether frail or not, is their demography. Specifically, more women survive to late life, outliving men across all national populations [88–90]. In Japan, women are twice as likely to survive to age 85, in the UK 85%, in the USA 75%, and in Sweden 73% more likely (Table 1). Throughout life, females tend to express greater somatic resilience to environmental stressors [91]. Current longer life spans among women reflect evolutionary pressures on somatic, hormonal, and physiological resilience related to pregnancy, birth, lactation, and childcare across our genus. Still, during their longer lives, women report more illnesses and experience more osteoporosis, sarcopenia, and disability than same-aged men, who experience higher mortality at all ages. A pattern exhibited across all human and most mammals and described as a male-female morbidity-mortality paradox [88–90, 92–94]. For now, and the future, most seniors in congregate residential and long-term care settings are and will be women. Those currently in congregate residential settings provide a model for designing accessible and accommodating environments for seniors, particularly for frail elders. Late life and frailty are more prevalent among women than men. As frailty mostly affects senior women, they are appropriate model residents for determining how environments improve and limit access by and accommodations for frail seniors. Improving accessibility of interior and exterior building designs for senior women, will equally benefit senior men and most user groups.
Frailty
Over human life, cellular senescence, stressor exposures/responses, and physiological dysregulation limit somatic function/abilities leading to deleterious phenotypic alterations as we age. To appropriately target clinical care to increasingly frail seniors, multiple evidence-based indices of physiological, neurological, and functional capabilities are available. Among the familiar are Activities of Daily Living (ADL) [43], Instrumental Activities of Daily Living (IADLs) [95], biological age [45, 96, 97], allostatic load [48, 98, 99], frailty [9, 32–34, 100], deficit index [44], and Framingham Score [101]. Theoretically, these indices assess preclinical/clinical somatic and physiological dysfunction. Practically, they associate significantly with current and future health, disability, morbidity, and mortality [18, 32–34, 44–46, 100–106]. Each integrates multiple assessments of inherent and individual alterations in phenotypes; physiology, function, well-being, and influences of senescent biology, into a single estimate. For example, frailty is described as a specific clinical phenotype commonly assessed by multiple biomarkers of strength, endurance, mobility, and physical activity/ability [18, 32–34, 104–106]. In the living, frailty primarily reflects loss of muscle cells (sarcopenia) and skeletal matrix (osteopenia, osteoporosis), leading to reduced strength, endurance, and abilities [32–34]. Multiple frailty indices, based on assessments of current somatic and physiological function, capabilities, and limitations have been proposed [32, 100, 102, 107, 108], some including as few as 5 assessments [32–34], others extending to 50+ assessments across multiple domains [100, 102, 107, 108]. As a somawide phenotype, frailty reflects reduced strength, resilience, capabilities, and endurance, increases during late life, and underlies incipient limits to mobility, while increasing more rapidly among children of short-lived, than long-lived, parents [18].
Across modern populations, a major contributor to frailty is sarcopenia. For example, grip strength assesses muscle atrophy/loss and documents increasing muscular frailty with age (Table 5) [109, 110]. Among United States adults, grip strength declines through late life (men 40% - women 33%), similar to Chinese men 41% and women 38%, although the former begin adulthood with lower averages (Table 5). Molecular variation, physiological resilience, lifestyles, and availability of medical intervention influence individual frailty. For example, in a sample of 200,000 Europeans ages 60–70 years, sarcopenia and frailty associated significantly with alleles influencing insulin and obesity [111]. All survivors to late life eventually experience frailty, suggesting frail phenotypes provide living models for designing accommodating and accessible environments for all who achieve late life.
Limiting negative impacts of frailty on older adults provides a specific goal for designs of built environments to house them. Frail seniors provide the evidence-based framework necessary for designing built environments that enable and accommodate frail phenotypes of all ages. Spaces designed to limit frailty progression, encourage physical activity and social interactions, and improve users’ abilities to complete daily activities will help limit frailty and benefit all user groups. Physical activity, exercise, walking, and strength training all help limit frailty and maintain mobility. Similarly, positive social interactions are associated with physical and mental health, fewer functional limitations, and lower frailty. Innovatively designed environments, interior furnishings, and appliances directly addressing frailty among seniors will encourage physical and social activity, improve access for while better accommodating frail seniors, and aid them in maintaining their abilities while slowing their frailty trajectory.
Frailty and accessibility
Frailty limits our physical capabilities, thereby inhibiting abilities to access and use private and public environments, built spaces, and manufactured objects. Accommodating environments and products to specific-needs and user groups is a universal design (UD) principal. Others include accessibility, equitability, and flexibility in use; simple and intuitive to use items; perceptible information on proper use; high tolerance for user error; usable with low effort; and available in sizes and spaces appropriate for all users [112]. Whether in private homes, congregate residences, or long-term care, frail individuals of all ages are a specific-needs user group. Documenting frail seniors’ interactions with built environments provides an evidentiary base to address accessibility and accommodations for all user groups.
Originally, senior congregate residential housing was viewed as an extension of medical care, leading to designs reminiscent of hospitals, as health care for mental and physical ills were primary concerns. Viewed as healthcare sites, through the 1970s designs for senior housing communities reflected this medical model. Designs for maintaining and improving lost capabilities, while accommodating age-related declines and impairments were seldom emphasized. Research among seniors in congregate housing during the late twentieth century led to new views of senior congregate housing as living environments wherein design innovations accommodating long-lived and frail residents could improve their QOL, mental health, well-being, and life spans. As increasing frailty is an inevitable correlate of increasing age, accessible designs supporting seniors must keep pace. Within many previously built congregate settings, neither exterior nor interior designs, private or public areas, room arrangements, kitchens, bathrooms, lighting systems, nor furniture and furnishings directly addressed the reduced strength, heights, perceptual and sensory acuities that limit seniors’ abilities to interact with their natural and built environments. Such limitations include, most reproductive-age adults being able to open a can of fruit, pressurized jar, or childproof medicine container and raise a 10 kg weight over their heads with little effort, while many over age 75+ fail to accomplish these tasks. Those surviving eight-plus decades are members of a highly variable and unique group. Designing built environments to maintain and improve their limited mobility, physical capabilities, and frailty, while anticipating their increased frailty will best serve their and others’ needs.
Design considerations
Across populations, although taller people may tend to survive longer today [63, 64], most people surviving to late life tend toward more average than extremes of body habitus. Worldwide, survivors to late life are neither the strongest, heaviest, nor tallest representatives of their cohorts when at reproductive ages. Rather, losses of muscle, bone, and height limit seniors’ strength, robusticity, and flexibility. Further, as age increases, altered gaits, postures, and other physical limitations become more frequent. Most built environments, including furnishings and manufactured items therein, e.g., baths, beds, chairs, lamps, tools, sofas, and utensils, were designed to house relatively able-bodied physiques. These may not accommodate ergonomic needs or anthropometric characteristics of frail seniors.
A major theme within physiological anthropology is documenting how interacting biological, environmental, and sociocultural factors, shape lifelong human variation [97]. Designing built environments and products accessible and accommodating for frail seniors is an ergonomic problem. Given their overlapping interests, collaborative research among designers and physiological anthropologists likely will produce ergonomic insights on current and proposed designs for accommodating built environments to all users, particularly seniors. One example, age-related postural alterations may influence seating choices of seniors. When offered varying height chairs, a self-selected sample of seniors choose heights below standard chair heights, self-reporting better accommodation [58]. One suggestion, seniors prefer lower seat heights for easier access, perhaps due to short stature, limited strength, and/or physical limitations of taller seats. This preference may extend to sofas, beds, and other furniture. Prior to imagining, developing, and initiating environmental designs to accommodate seniors, directed research to attain empirical data, hypothesis testing, participant observation, and user interviews are needed. This aids in establishing an evidentiary base for developing design recommendations for improving accessibility and accommodation of end users. Participant observation and user interviews establish seniors perceived and desired accessibility needs in built environments and help anticipate future needs. At the same time, qualitative and quantitative data help establish desirable attributes for room and furniture sizes, lighting schemes, and dimensions and heights for seating surfaces. Interviews with residents and participation reveal elements within built environment users view as limiting their comfort and accessibility. Spaces, furniture, furnishings, décor, and household artifacts designed to accommodate frail seniors cannot require able-bodied physiques or strength and must be easy and flexible to use. Making frail seniors a blueprint for designs to accommodate all user groups.
Enhancing lives through design
Many design features, indoor and outdoor courtyards, gardens, and open spaces provide visual and auditory stimuli for, enhance moods of, and allow residents to exercise their physical and sensory abilities [24, 67–69, 83, 113, 114]. However, within many settings, residents using canes, rollers, and mobilized chairs share hallways with caregivers, staff, and equipment. Wider interior corridors, intersections, and doorways better accommodate the mobility enhancing walkers, rollers, and wheelchairs frequent among seniors. Wide short hallways, a frequent component of cluster-housing designs, reduce congestion and may improve resident and staff satisfaction. Circular and cluster housing designs locate private resident rooms in small groupings, along short corridors, with personal room doors opening onto shared “home-sized” public spaces (e.g., lounging, TV-viewing, dining, activity, courtyards). In this arrangement, staff and food preparation areas may be near residential areas; while entrance, reception, and delivery areas may be located away from resident rooms and activities [20]. Cluster designs reduce congestion, limit resident and staff exposures to extraneous distractions, and address privacy issues in personal and daily activities [20].
Today, common congregate care designs include multiple amenities, indoor walking spaces, bird aviaries, sunrooms, fishbowls, along with outdoor porches, courtyards, and walkways. Such additions allow persons with limited abilities or frailty access to outdoor spaces and exterior views, providing sensory stimulation, interactions with nature, and opportunities to exercise distance vision. Although, designing enabling environments for frail seniors is challenging [115], ecological, household, and neighborhood models provide theoretical and applied approaches for developing next-generation care, built environments supportive of frail seniors [20, 69, 115–117].
A seemingly endless array of furnishings, furniture, wallcoverings, textures, accessories, and lighting systems are available for built interiors. For seniors, the simple approach among these many options may be incorporating natural and traditional elements reflecting those they have known throughout their lives into their living spaces. Such additions address seniors’ societal sensibilities and likely will enhance their subjective well-being. For example, Tsunetsugu and colleagues [72, 73] observed “traditional” furnishings, specifically wood panels and furniture, live green plants, and alternative lighting patterns, were judged more pleasing and inviting by Japanese elders, than were spaces furnished with modern office furniture, lighting styles, and lacking natural accessories. These and other data suggest natural and traditional features enhance seniors’ well-being by reflecting feelings of home [73, 83, 84]. Complementing this research, among school children, replacing plastic and metal furnishings with wood and natural products was associated with fewer missed days for illness and better academic performance [82]. Among seniors, furnishings, colors, types of textiles, floor and wall coverings (e.g., wood, cloth, tile, paint), illumination, brightness and color of lighting, along with natural and unnatural products and sounds within built spaces, influence mood, perceptions of comfort and calmness. By modulating such attributes, designers may find ways to better accommodate seniors by enhancing their comfort, likely also improving their well-being.
As described earlier, during the late twentieth century, more homelike designs were incorporated into senior residential communities worldwide. Currently, trends toward decentralized, modular designs continue, with short hallways leading to clusters of individual rooms radiating off a central core and opening onto common activity areas, e.g., dining, recreation, courtyards, seating, with access to interior aviaries, exterior views, and patios [20, 24, 69, 115–117]. Such cluster housing designs allow isolation of reception, nursing, and housekeeping activities within a central core, while private rooms located within smaller modules are accessed by short radiating hallways. Therein living and common areas are centralized while individual rooms radiate from this central core. Cluster design reduces community congestion overall, provides an accessible and accommodating environment for cognitively and sensory-impaired, confused, and frail residents, limits extraneous noise in residential areas, and apparently promotes greater social interaction among residents and staff.
Discussion
Our ancestors of 30–40,000 years ago were lucky to survive 40 years [121]. Today, you are unlucky if you do not survive 70 years. This extended survival reflects evolutionary responses to environmental stressors our recent and remote ancestors encountered while developing and elaborating humankind’s social and cultural structures [1, 3–6]. Jointly, these enabled them to maintain biocultural settings in which to reproduce and fledge offspring, while retaining sufficient somatic and physiological capacity to eventually survive ten-plus decades [1, 3]. The earliest built structures sheltered, protected, and accommodated needs of local social groups, perhaps as small as nuclear and extended families. In modern settings, built environments are a constant of life housing us all, structuring not only our physical environments, but our social and cultural perceptions. For seniors, particularly the frail, constructed environments often are their world. Thus, they should be designed to enhance their abilities and preserve their somatic reserves while accommodating and limiting their frailty.
With age, we all will develop frailer phenotypes. These hamper our abilities to interact with natural and built environments and make some design attributes in private and public spaces sources of limitation. Designing built spaces supportive of well-being, physical abilities, and accommodating of limitations among frail users provides opportunities for extending health spans among seniors. Frailty indices directly assess such individual capabilities and limitations. Documenting the range of frailty among seniors provides evidence to aid development of supportive designs for improving frail residents’ experiences in senior housing. Designs that provide a common denominator for improving accessibility, inclusivity, and universal usability within built environments, including their furnishings, for all ages and ability levels.
Frailty is a well-documented clinical, epidemiological, and gerontological model and measurable phenotype of age-related functional declines [26, 32–34, 100, 102]. It also is an emerging model in long-term care [118, 119]. Although most common among seniors, frailty also affects the young and middle-aged, suggesting environments and artifacts designed to accommodate frail seniors may accommodate most user groups. For example, within residential settings, natural furnishings, wood products, live plants and organisms, natural and subdued lighting may enhance seniors’ perceptions of comfort and well-being [72, 73, 83]. Similarly, seniors may find furnishings, artifacts, and space attributes (e.g., size, color) similar to those experienced over their lives more relaxing, comforting, and supportive of their QOL than more sterile hospital-like settings. The same is likely true for most groups whom the principles of universal design address.
Conclusions
This review addresses accessibility and accommodation for frail seniors in congregate residential settings. Most elders prefer to remain in private homes as they age while accommodating their increasing frailty and decreasing mobility by modifying their homes. For seniors, residing in homes apparently requires greater physical abilities, as such individuals tend to engage in more physical activity, while showing and self-reporting better health and well-being than those in congregate housing [116, 119, 120]. Wherever they reside, seniors continually interact with and depend on their built environments and assistive technologies to maintain independence. Across current sociocultural settings, at all ages, built environments are necessary to accomplish life’s basic tasks, e.g., maintaining shelter, transportation, acquiring food, attending medical appointments, and more so among frail seniors. Designs for public, private, interior, and exterior environments in which we reside either enhance or limit our functional abilities, activity patterns, well-being, and QOL. Their greatest impacts fall on frail and older persons. Additional research-based evidence and a database on needs, abilities, and frailty trajectories among frail seniors will aid those designing built environments and housing to reduce impacts of frailty on their activities and lives.
Author’s contributions
The author(s) read and approved the final manuscript.

Funding
not applicable.

Availability of data and materials
not applicable.

Declarations
Ethics approval and consent to participate
not applicable.

Competing interests
Author declares no competing interests.



References
	1.
Crews DE. Human senescence: evolutionary and biocultural perspectives. New York: Cambridge University Press; 2003.

	2.
Crews DE, Bogin B. Growth, development, senescence, and aging: a life history perspective. In: Larsen CS, editor. A companion to biological anthropology. Chichester: Wiley-Blackwell; 2010. p. 128–52.

	3.
Bogin B, Bragg J, Kuzawa C. Humans are not cooperative breeders but practice biocultural reproduction. Am J Hum Biol. 2014;41:368–80.

	4.
Bogin B. Patterns of human growth. 3rd ed. Cambridge: Cambridge University Press; 2021.

	5.
Crews DE. Senescence and aging. In: Trevathan W, editor. International encyclopedia of biological anthropology. Hoboken: Wiley Blackwell; 2018.

	6.
Crews DE. Senescence. In: Shackelford TK, Weekes-Shackelford V, editors. Encyclopedia of evolutionary psychological science; 2019.

	7.
Larke A, Crews DE. Parental investment, late reproduction, and increased reserve capacity are associated with longevity in humans. J Physiol Anthropol. 2006;25:119–31.PubMed

	8.
Barker DJP, Eriksson JG, Forsén T, Osmond C. Fetal origins of adult disease: strength of effects and biological basis. Int J Epidemiol. 2002;31:1235–9.PubMed

	9.
Cameron N, Demereth E. Critical periods in human growth and their relationship to disease. Am J Phys Anthr. 2003;45:159–84.

	10.
Gravlee CC. How race becomes biology: embodiment of social inequality. Am J Phys Anthropol. 2009;139:47–57.PubMed

	11.
Williams GC. Pleiotropy, natural selection, and the evolution of senescence. Evolution. 1957;11:398–411.

	12.
United Nations Department of Economic and Social Affairs: Statistics Division. The United Nations Demographic Yearbook 1996.  New York: United Nations Printing Office; 1996.

	13.
United Nations Department of Economic and Social Affairs: Statistics Division. The United Nations Demographic Yearbook 1998. New York: United Nations Printing Office; 1998.

	14.
United Nations Department of Economic and Social Affairs: Statistics Division.  The United Nations Demographic Yearbook 2000.  New York: United Nations Printing Office; 2000.

	15.
GBD 2017 Mortality Collaborators. Global, regional, and national age-sex-specific mortality and life expectancy, 1950–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2018;392:1684–735.

	16.
GBD 2017 SDG Collaborators. Measuring progress from 1990 to 2017 and projecting attainment to 2030 of the health-related Sustainable Development Goals for 195 countries and territories: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2018;392:2091–138.

	17.
GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of death, 1980–2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet. 2016;388:1459–544.

	18.
Kim S, Jazwinski SM. Quantitative measures of healthy aging and biological age. Healthy Aging Res. 2015;4:26.PubMedPubMedCentral

	19.
The World Bank. Life Expectancy at birth. 2018. https://​data.​worldbank.​org/​indicator/​SP.​DYN.​LE00.​IN. Accessed 12 Nov 2021.

	20.
Cutler LJ. Physical environments of assisted living: research needs and challenges. Gerontologist. 2007;47(suppl 1):68–82.PubMed

	21.
Lawton MP. Assessing the competence of elderly, people. In: Kent DP, Kastenbaum R, Sherwood S, editors. Research, planning and action for the elderly. New York: Behavioral Publications; 1969. p. 122–43.

	22.
Lawton MP. Environment and aging. Belmont: Brooks-Cole; 1960.

	23.
Alvarez MFR, Vasquez-Hernandez A. Evaluation of buildings in real conditions of use as a sustainability criterion. Acad Res Community Publication. 2019. https://​doi.​org/​10.​21625/​archive.​v3i1.​434.

	24.
Crews DE, Zavotka S. Aging, disability, and frailty: implications for universal design. J Physiol Anthropol. 2006;25:113–8.PubMed

	25.
Sankowski O, Krause D. User-centered product design for older adults - comparison and applicability of methods. Tutzing: Conference: The 29th DfX Symposium; 2018.

	26.
Crews DE. Artificial environments and an aging population: designing for age-related functional loss. J Physiol Anthropol Appl Hum Sci. 2005;24:103–9.

	27.
Null RL, Cherry KF. Universal design: creative solutions for ADA compliance. Belmont: Professional Publications, Inc; 1996.

	28.
Arking R. The biology of aging: observations and principles. 3rd ed. New York: Oxford University Press; 2006.

	29.
Bamzar R. Assessing the quality of the indoor environment of senior housing for a better mobility: a Swedish case study. J Housing Built Environ. 2019;34:23–60.

	30.
Kirkwood T, Austad S. Why do we age? Nature. 2000;408:233–8.PubMed

	31.
Vijg J. Aging of the genome: the dual role of DNA in life and death. New York: Oxford University Press; 2007.

	32.
Fried LP, Tangen CM, Walston J, Newman AB, Hisch C, Gottidiener J, et al. for the Cardiovascular Health Study Collaborative Research Group. Frailty in older adults: evidence of a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56:M146–56.PubMedPubMedCentral

	33.
Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the concepts of disability, frailty, and comorbidity: implications for improved targeting and care. J Gerontol A Biol Sci Med Sci. 2004;59:255–63.PubMedPubMedCentral

	34.
Walston JD. Biological markers and the molecular biology of frailty. In: Carey J, Robine JM, Michel JP, Christen Y, editors. Longevity and frailty. New York: Springer-Verlag; 2005. p. 39–56.

	35.
Finch C, Hayflick L. Handbook of the biology of aging. New York: Van Nostrand Reinhold; 1977.

	36.
Fryar CD, Kruszon-Moran D, Gu Q, Ogden CL. Mean body weight, height, waist circumference, and body mass index among adults: United States, 1999–2000 through 2015–2016. Natl Health Stat Rep. 2018;122:1–16 https://​www.​cdc.​gov/​nchs/​data/​nhsr/​nhsr122-508.​pdf Accessed 18 Oct 2021.

	37.
Japan Sports Agency. Average height of Japanese. 2016. http://​nbakki.​hatenablog.​com/​entry/​Average_​Height_​of_​Japanese_​2016. Accessed 18 Oct 2021.

	38.
Japan Sports Agency. Average weight of Japanese. 2016. https://​nbakki.​hatenablog.​com/​entry/​Average_​Weight_​of_​Japanese_​2016. Accessed 18 Oct 2021.

	39.
Rodríguez-García WD, García-Castañeda L, Mendoza-Núñezb V, González-Islas DG, Santillán-Díaz C, Castillo-Martíneza L. European Society for Clinical Nutrition and Metabolism. Handgrip strength: reference values and its relationship with bioimpedance and anthropometric variables. Clin Nutr ESPEN. 2017;19:54–8.

	40.
Wang YC, Bohannon RW, Li X, Sindhu B, Kapellusch J. Hand-grip strength: normative reference values and equations for individuals 18 to 85 years of age residing in the United States. J Orthop Sports Phys Ther. 2018;48:685–93.PubMed

	41.
Yu R, Ong S, Cheung O, Leung J, Woo J. Reference values of grip strength, prevalence of low grip strength, and factors affecting grip strength values in Chinese adults. J Am Med Dir Assoc. 2017;18:551.PubMed

	42.
Edes AN, Crews DE. Allostatic load in biological anthropology. Am J Phys Anthropol. 2017;162(Suppl 63):44–70.PubMed

	43.
Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in the aged: the index of ADL: a standardized measure of biological and psychosocial function. JAMA. 1963;185:914–9.PubMedPubMedCentral

	44.
Kulminski AM, Ucraintseva SV, Culminskaya IV, Arbeev KG, Land KC, Akushevich L, et al. Cumulative deficits and physiological indices as predictors of mortality and long life. J Gerontol A Biol Sci Med Sci. 2008;63:1053–9.PubMed

	45.
Levine ME, Crimmins EM. A comparison of methods for assessing mortality risk. Am J Hum Biol. 2014;26:768–76.PubMedPubMedCentral

	46.
Morley JE. The metabolic syndrome and aging. J Gerontol A Biol Med Sci. 2004;59:139–42.

	47.
Pialoux T, Goyard J, Lesourd B. Screening tools for frailty in primary health care: a systematic review. Geriatr Gerontol Int. 2012;2:189–97.

	48.
Seeman TE, Singer BH, Rowe JW, Horwitz RI, McEwen BS. Price of adaptation – allostatic load and its health consequences. Arch Intern Med. 1997;157:2259–68.PubMed

	49.
Caman OK, Calling S, Midlöv P, Sundquist J, Sundquist K, Johansson S-E. Longitudinal age-and cohort trends in body mass index in Sweden – a 24-year follow-up study. BMC Public Health. 2013;13:893.PubMedPubMedCentral

	50.
Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause mortality with overweight and obesity using standard body mass index categories: a systematic review and meta-analysis. JAMA. 2013;309:71–82.PubMedPubMedCentral

	51.
Grabowski DC, Ellis JE. High body mass index does not predict mortality in older people: analysis of the longitudinal study of aging. J Am Geriatr Soc. 2001;49:968–79.PubMed

	52.
Katz SH, Rivinus H, Barker W. Physical anthropology and the biobehavioral approach to child growth and development. Am J Phys Anthropol. 1973;38:105–17.PubMed

	53.
Frisancho R. Anthropometric standards for the assessment of growth and nutritional status. Ann Arbor: University of Michigan Press; 1990.

	54.
Lohman TG, Roche AF, Martorell R. Anthropometric standardization reference manual. Champaign: Human Kinetics Books; 1988.

	55.
Cole ME. Optimizing bone loss across the lifespan: the three-dimensional structure of porosity in the human femoral neck and rib as a metric of bone fragility (PhD dissertation): The Ohio State University and OhioLINK; 2019.

	56.
Garnero P, Sornay-Rendu E, Chapuy M, Delmas P. Increased bone turnover in late postmenopausal women is a major determinant of osteoporosis. JBMR. 1996;11:337–49.

	57.
Annis JF. Aging effects on anthropometric dimensions important to workplace design. Int J Ind Ergon. 1996;18:381–8.

	58.
Fromme A. Co-designing with older adults to create an age-friendly evaluation tool for public spaces (master of fine arts thesis): The Ohio State University; 2018. https://​etd.​ohiolink.​edu/​apexprod/​rws_​olink/​r/​1501/​10?​p10_​etd_​subid=​164228&​clear=​10#:​~:​text=​Permalink%3A,view%3Facc_​num%3Dosu15240653290​8789.  Accessed 12 Sept 2021.  

	59.
Funatogawa I, Funatogawa T, Nakao M, Karita K, Yano E. Changes in body mass index by birth cohort in Japanese adults: results from the National Nutrition Survey of Japan 1956–2005. Int J Epidemiol. 2009;38:83–92.PubMed

	60.
Samaras T, Elrick H, Storms LH. Is height related to longevity? Life Sci. 2002;72:1781–802.

	61.
Samaras T, Elrick H. Height, body size, and longevity. Acta Med Okayama. 1999;53:149–69.PubMed

	62.
Brandts L, van den Brandt PA. Body size, non-occupational physical activity and the chance of reaching longevity in men and women: findings from the Netherlands cohort study. J Epidemiol Community Health. 2019;73:239–49.PubMed

	63.
NCD Risk Factor Collaboration. A century of trends in adult human height. eLife. 2016;5:e13410.

	64.
Samaras T, Elrick H, Storms LH. Is short height really a risk factor for coronary heart disease and stroke mortality? A review. Med Sci Monit. 2004;10:63–76.

	65.
Demontis F, Piccirillo R, Goldberg AL, Perrimon N. The influence of skeletal muscle mass on systemic aging and lifespan. Aging Cell. 2013;12:943–9.PubMed

	66.
Crews DE, Ice GJ. Aging, senescence, and human variation. In: Stinson S, Bogin B, O’Rourke D, editors. Textbook of human biology: an evolutionary and biocultural perspective, V2. New York: Wiley-Liss; 2012. p. 637–92.

	67.
Enkvist Å, Ekström H, Elmståhl S. Associations between functional ability and life satisfaction in the oldest old: results from the longitudinal population study Good Aging in Skåne. Clin Interv Aging. 2012;7:313–20.PubMedPubMedCentral

	68.
Carver A, Lorenzon A, Veitch J, Macleod A, Sugiyama T. Is greenery associated with mental health among residents of aged care facilities? A systematic search and narrative review. Aging Ment Health. 2020;24:1–7.PubMed

	69.
Pettigrew S, Rai R, Jongenelis MI, Jackson BM, Beck BR, Newton R. The potential importance of housing type for older people’s physical activity levels. J Appl Gerontol. 2020;39:285–91.PubMed

	70.
Anton SD, Woods AJ, Ashizawa T, Barb D, Buford TW, Carter CS, et al. Successful aging: advancing the science of physical independence in older adults. Aging Res Rev. 2015;24:304–27.

	71.
Bengston VL, Setterston RA, editors. Handbook of theories of aging, 3rd edition. New York: Springer Publishing; 2016.

	72.
Tsunetsugu Y, Miyazaki Y, Sato H. The visual effects of wooden interiors in actual size living rooms on the autonomic nervous activities. J Physiol Anthropol Appl Hum Sci. 2002;21:297–300.

	73.
Tsunetsugu Y, Park B-J, Miyazaki Y. Trends in research related to “Shinrin-yoku” (taking in the forest atmosphere or forest bathing) in Japan. Environ Health Prev Med. 2010;15:27–37.PubMed

	74.
Valentine E. The livable model: a new way to evaluate correlated color temperature effects on older adults. Columbus: The Ohio State University; 2018.

	75.
Calkins R, Goll SJ, Mandigo RW. Retail display lighting type and fresh pork color. J Food Sci. 1986;51:1141–3.

	76.
Ames J. What is CCT? A guide to choosing correlated color temperature for your lighting. Lighting Insights Blog. https://​insights.​regencylighting.​com/​what-is-correlated-color-temperature-cct-and-how-do-you-choose-it-for-your-lighting. Accessed 15 Sept 2021.

	77.
Yasukouchi A, Maeda T, Hara K, Furuune H. Non-visual effects of diurnal exposure to an artificial skylight, including nocturnal melatonin suppression. J Physiol Anthropol. 2019;38:10.PubMedPubMedCentral

	78.
Vasquez A, Restrepo MF. Evaluation of buildings in real conditions of use: current situation. J Build Eng. 2017;12:26–36.

	79.
Howarth D. 2016. Noise reduction has become a “major preoccupation” in Scandinavian interiors. Dezeen. https://​www.​dezeen.​com/​2016/​02/​12/​noise-reduction-acoustics-scandinavian-interiors-stockholm-design-week-2016/​. Accessed 9 June 2021..

	80.
Isostore 2021 Basic Sound Isolation Concepts. https://​isostore.​com/​research/​basic-sound-isolation-concepts#:​~:​text=​There%20​are%20​six%20​basic%20​sound,of%20​your%20​sound%20​isolation%20​project. Accessed 15 Sept 2021.

	81.
Dickinson D. The 5 dumbest renovation fads. Money. 2007;2007:36.

	82.
Maeta S. Wood the material of choice at schools. The Japan Times: NATIONAL (News). 2014. https://​www.​japantimes.​co.​jp/​news/​2014/​02/​05/​national/​wood-the-material-of-choice-at-schools/​#.​XQqdFuhKhPY. Accessed 15 Sept 2021.

	83.
Cresswell-Smith J, Amaddeo F, Donisi V, Forsman A, Kalseth J, Martin-Maria N, et al. Determinants of multidimensional mental wellbeing in the oldest old: a rapid review. Soc Psychiatry Psychiatr Epidemiol. 2019;54:135–44.PubMed

	84.
Meyyazhagan S, Palmer RM. Nutritional requirements with aging. Prevention of disease. Clin Geriatr Med. 2002;18:557–76.PubMed

	85.
Rawson N, Quraishi A, Bruno TJ. Findings and recommendations from the joint NIST—AGA workshop on odor masking. J Res Natl Inst Stand Technol. 2011;116:839–48.PubMedPubMedCentral

	86.
Zhang L, Zhang Z, Ye T, Zhou M, Wang C, Yin P, et al. Mortality effects of heat waves vary by age and area: a multi-area study in China. Environ Health. 2018;17:54.19.

	87.
Robine J-M, Cheunga SLK, Le Roya S, Van Oyen H, Griffiths C, Michel J-P, et al. Death toll exceeded 70,000 in Europe during the summer of 2003. C R Biol. 2008;331:171–8.PubMed

	88.
Crimmins EM, Vasunilashorn S, Kim JK, Alley D. Biomarkers related to aging in human populations. Adv Clin Chem. 2008;6:161–216.

	89.
Oksuzyan A, Juel K, Vaupel JW, Christensen K. Men: good health and high mortality. Sex differences in health and aging. Aging Clin Exp Res. 2008;20:91–102.PubMedPubMedCentral

	90.
Oksuzyan A, Brønnum-Hansen H, Jeune B. Gender gap in health expectancy. Eur J Aging. 2010;7:213–8.

	91.
Stinson S. Sex differences in environmental sensitivity during growth and development. Am J Phys Anthropol. 1985;28:123–47.

	92.
Alberts SC, Archie EA, Gesquiere LR, Altmann J, Vaupel JW, Christensen K. The male-female health-survival paradox: a comparative perspective on sex differences in aging and mortality. In: Weinstein M, Lane MA, editors. Sociality, hierarchy, health: comparative biodemography: a collection of papers. Washington: The National Academic Press; 2014. p. 339–63.

	93.
Christensen K, Johnson TE, Vaupel JW. The quest for genetic determinants of human longevity: challenges and insights. Nat Rev Genet. 2006;7:436–48.PubMedPubMedCentral

	94.
Vaupel JW. Demographic insights into longevity. Population. 2001;13:245–59.

	95.
Balloch S. The ageing population: implications for social services in England. Strategy for the Ageing Society: The Possibilities for Human Life Science, Proceedings of the 13th Osaka City University International Symposium; 2005. p. 31–6.

	96.
Borkan GA, Hults DE, Norris AH. Physical anthropological approaches to aging. Yearb Phys Anthropol. 1982;25:181–202.

	97.
Damon A, editor. Physiological anthropology. New York: Oxford University Press; 1975.

	98.
McEwen BS. Stress, adaptation, and disease: allostasis and allostatic load. Ann N Y Acad Sci. 1998;840:33–44.PubMed

	99.
Sterling P, Eyer J. Allostasis: a new paradigm to explain arousal pathology. In: Fisher S, Reason J, editors. Handbook of life stress, cognition and health. New York: Wiley; 1988. p. 629–49.

	100.
Studenski S, Hayes RP, Leibowitz RQ, Bode R, Lavery L, Walston J, et al. Clinical global impression of change in physical frailty: development of a measure based on clinical judgment. J Am Geriatr Soc. 2004;52:1560–6.PubMed

	101.
Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of coronary heart disease using risk factor categories. Circulation. 1998;97:1837–47.PubMedPubMedCentral

	102.
Rockford K, Song X, MacKnight C, Bergman H, Hogan D, McDowell I, et al. A global clinical measure of fitness and frailty in elderly people. CMAJ. 2005;173:489–95.

	103.
Arbeev KG, Ukraintseva S, Bagley O, Zhbannikov IY, Cohen AA, Kulminski AM, et al. “Physiological Dysregulation” as a promising measure of robustness and resilience in studies of aging and a new indicator of preclinical disease. J Gerontol A Biol Sci Med Sci. 2019;74:462–8.PubMed

	104.
Gruenewald TL, Seeman TE, Karlamangla AS, Sarkisian CA. Allostatic load and frailty in older adults. J Am Geriatr Soc. 2009;57:1525–31.PubMedPubMedCentral

	105.
Juster RP, McEwen BS, Lupien SJ. Allostatic load biomarkers of chronic stress and impact on health and cognition. Neurosci Biobehav Rev. 2010;35:2–16.PubMed

	106.
Piazza JR, Stawski RS, Sheffler JL. Age, daily stress processes, and allostatic load: a longitudinal study. J Aging Health. 2018;31:1671–91.PubMedPubMedCentral

	107.
Hogan DB, Freiheit EA, Strain LA, Patten SB, Schmaltz HN, Rolfson D, et al. Comparing frailty measures in their ability to predict adverse outcome among older residents of assisted living. BMC Geriatr. 2012;12:56.PubMedPubMedCentral

	108.
Westbrook R, Le A, Lovett J, Khadeer M, Ferrucci L, Moaddel R, et al. Altered frailty metabolome links chronic inflammation to functional decline. Innov Aging. 2018;2(Suppl 1):60.PubMedCentral

	109.
Giampaoli S, Ferrucci L, Cecchi F, Lo Noce C, Poce A, Dima F, et al. Hand-grip strength predicts incident disability in non-disabled older men. Age Ageing. 1999;28:283–8.PubMed

	110.
Rantanen T, Guralnik JM, Foley D, Masaki K, Leveille S, Curb D, et al. Midlife hand grip strength as a predictor of old age disability. JAMA. 1999;281:558–60.PubMed

	111.
Pilling L, Melzer D. Genetic contributors to sarcopenia in 200,000 older volunteers. Innov Aging. 2018;2(Suppl 1):60.PubMedCentral

	112.
Center for Universal Design. The principles of universal design V:2.0. 4/1/1997. Copyright 1997 NC State University. https://​projects.​ncsu.​edu/​ncsu/​design/​cud/​about_​ud/​udprinciplestext​.​html. Accessed 15 Sept 21.

	113.
Finlay J, Franke T, McKay H, Sims-Gould J. Therapeutic landscapes and wellbeing in later life: impacts of blue and green spaces for older adults. Health Place. 2015;34:97–106.PubMed

	114.
Rowles GD, Bernard M, editors. Environmental gerontology: making meaningful places in old age. New York: Springer Publishing Co; 2013.

	115.
Chalfont G, Rodiek S. Building edge: an ecological approach to research and design of environments for people with dementia. Alzheimers Care Today. 2005;6:341–8.

	116.
Claire A, Hughes A. Housing and health: new evidence using biomarker data. J Epidemiol Community Health. 2018;73:256–62.

	117.
Cox H, Burns I, Savage S. Multisensory environments for leisure: promoting well-being in nursing home residents with dementia. J Gerontol Nurs. 2004;30:37–45.PubMed

	118.
De Lepeleire J, Iliffe S, Mann E, Degryse JM. Frailty: an emerging concept for general practice. Br J Gen Pract. 2009;59:177–82.

	119.
McPhee JS, French DP, Jackson D, Nazroo J, Pendleton N, Degens H. Physical activity in older age: perspectives for healthy ageing and frailty. Biogerontology. 2016;17:567–80.PubMedPubMedCentral

	120.
Shaw M. Housing and public health. Annu Rev Public Health. 2004;25:397–418.PubMed

	121.
Caspari R, Lee SH. Older age becomes common late in human evolution. Proc Natl Acad Sci U S A. 2004;101:10895–900.PubMedPubMedCentral



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Aging, frailty, and design of built environments


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





