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Abstract

Purpose of Review—“Healthy aging” is the state of the aging process in which a person 

can maintain physical, social, mental, and spiritual wellness. This literature review presents 

an overview of recent studies that explore how biological, social, and environmental factors 

contribute to healthy aging.

Recent Findings—A number of genome-wide association studies have been conducted recently 

for traits related to healthy aging, such as frailty index, healthspan, muscle strength, and parental 

longevity, leading to the discovery of dozens of genetic variants associated with these traits. In 

parallel, associations between healthy aging measures and multiple non-biological environmental 

elements have been identified as key moderators of the aging process, indirectly influencing 

day-to-day homeostatic processes.

Summary—Individual variations in lifespan and healthspan are influenced by genetic factors, 

with a heritability of ~ 25% in developed countries. Non-genetic risk variance is explained in part 

by social, cultural, and lifestyle conditions. Altogether, these factors contribute to a multifaceted 

state of wellness over time, shaping individual risk to frailty and resilience during the aging 

process. Notably, “Blue Zone” populations, which are characterized by an abundance in healthy 

lifestyles across generations, share some commonalities regarding determinants of health.
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Introduction

The human body is a complex and dynamic system comprised of sub-systems and organs 

with specialized functions that work harmoniously to maintain allostasis and homeostasis 

[1, 2]. Allostasis is the process that keeps an organism alive and functioning by ensuring 

stability through change and promoting adaptation and coping [3], and homeostasis is 

the stable equilibrium reached through allostatic mechanisms [4]. Healthy aging can be 

conceptualized as the state of the aging process in which the person’s allostatic responses 

can readily maintain physical, social, mental, and spiritual wellness [5]. Every system in 

the body uses allostasis to respond to external lifestyle or environmental events or stressors, 

including socioeconomic status, psychosocial factors, education, nutrition, physical activity, 

smoking, alcohol consumption, infectious disease, and pollution, leading to adaptation and 

homeostasis maintenance [6-16]. Additionally, the physiological response to acute versus 

chronic stress may be different. For example, an acute threat activates the fight or flight 

response, evolutionarily designed to protect individual well-being, to allow immediate 

action. However, when the stress is repeated over many weeks and becomes chronic, it 

leads to different systemic alterations that, ultimately, can result in adverse outcomes [3].

Aging occurs when the body’s efficiency to maintain allostasis and homeostasis declines 

progressively over time [1]. At least nine biological hallmarks have been implicated in 

aging: (1) genomic instability, (2) loss of proteostasis, (3) telomere attrition, (4) epigenetic 

alterations, (5) deregulated nutrient-sensing, (6) mitochondrial dysfunction, (7) cellular 

senescence, (8) altered intercellular communication, and (9) stem cell exhaustion [1, 17]. 

However, the ways these processes become disrupted while contending against stressors are 

not understood [18].

Individuals become more vulnerable to environmental challenges if their allostatic responses 

are overused or inefficiently managed. This condition, known as frailty, increases a person’s 

odds for adverse health outcomes and death. Conversely, when the allostatic response 

achieves a positive outcome in the face of adversity, the individual is considered to be 

in a state of resilience [19]. The determinants and mechanisms of resilience and frailty are 

yet to be elucidated.

The multifaceted state of healthy aging is influenced by genetic factors and the accumulation 

of experiences over the lifespan that promote an individual’s resilience and contribute to risk 

for frailty. Our understanding of the genetic, social, and lifestyle determinants of healthy 

aging, longevity, frailty, and resilience has advanced considerably in recent years, thanks to 

a surge in the number of cohort studies, data collection efforts, and novel methodological 

approaches. However, there is no universal definition for healthy aging, as the meaning of 

wellness varies across different cultures [20]. In this context, we will review recent studies 

and provide an overview of the current understanding of the biological, environmental, and 

lifestyle factors that play a role in healthy aging worldwide.
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Genetic and Other Biological Factors

One of the first genes implicated in longevity was the apolipoprotein (APOE) gene [21]. 

However, over time, it also became known as a “frailty gene” due to its role in dementia risk. 

Carriers of the ε4 isoform present an elevated risk of cardiovascular mortality at younger 

ages, shortening their lifespan and affecting their healthspan. Interestingly, a study found 

that carriers of the APOE-ε4 isoform were extremely rare in Japanese centenarians aged 105 

years or older [22]. Low allele frequencies for APOE-ε4 were also observed in Canadians 

aged over 85 who had never been diagnosed with cardiovascular disease, dementia, diabetes, 

cancer, or chronic pulmonary disease. These observations suggest that individuals who do 

not carry the APOE-ε4 allele have lower probabilities of presenting adverse health outcomes 

[23].

A classic example of a gene that promotes resilience is FOXO3. The G allele of SNP 

rs2802292 in the FOXO3 gene reduces mortality risk from coronary disease [24, 25]. 

The HSF1 transcription factor binds to the enhancer sequence created by the G allele of 

rs2802292 in FOXO3 intron 2, conferring resilience to stress [26]. Recently, the same 

protective allele was associated with negligible age-related telomere attrition in a population 

in Okinawa, Japan, which may also explain its strong association to longevity [27].

In recent years, genome-wide association studies (GWAS) have enabled the screening of 

the entire genome for variants associated with frailty and related phenotypes. Atkins et 

al. [28] performed a GWAS of the frailty index in 164,610 European ancestry individuals 

aged 60–70 years from the UK Biobank. Their frailty index calculation was based on 49 

self-reported items on symptoms, disabilities, and diagnosed diseases. They identified 26 

independent genetic signals at 24 loci associated with frailty index across the genome. Most 

of those loci had previously been reported in genetic studies of traits such as body mass 

index, cardiovascular disease, smoking, depression, and neuroticism; however, the study also 

identified three reliable novel associations, implicating the CSMD3, ANK3, and TMOD3 
genes. The GWAS approach has also been used to study other related traits such as handgrip 

strength [29••], muscle weakness [30], cognitive resilience [31], age at the end of the 

healthspan [32•], and parental lifespan [33], described below.

Maximal handgrip strength is an element of the frailty phenotype [34]. It can predict a range 

of morbidities and all-cause mortality. Willems et al. [29••] analyzed data from 195,180 

individuals and reported 16 loci associated with grip strength. Interestingly, the authors 

reported that common genetic variation in ACVR2B, the principal receptor of myostatin 

and activin in skeletal muscle, was associated with population-level variation in grip 

strength. Mendelian randomization analyses did not find evidence supporting a causal role 

of muscular strength in mortality risk nor the risk of cardiovascular events. A separate study 

[30] investigated the genetics of dynapenia (age-related loss of muscle strength) in 256,523 

European ancestry individuals aged 60 years and over from 22 cohorts and identified 15 

loci associated with muscle weakness. Some of the identified loci included genes implicated 

in autoimmune disease, arthritis, cell cycle control, transcriptional regulation, and others 

involved in developing and maintaining the musculoskeletal system. Taken together, this 
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body of literature suggests that muscle strength may serve as a measure of healthy aging 

rather than a contributor to it.

Regarding the healthspan, Zenin et al. [32•] built a risk model to predict age at the end 

of the healthspan, adjusting for gender and genetic background. Using data from 300,447 

British individuals, they identified 12 loci associated with healthspan. At the whole-genome 

level, healthspan showed negative genetic correlations with stroke, congestive heart failure, 

myocardial infarction, chronic obstructive pulmonary disease, diabetes, cancer, and overall 

mortality. In other words, genetic risk for these age-related diseases is correlated with 

reduced healthspan.

Other factors, such as parental longevity, have been associated with longevity and cognitive 

resilience. A GWAS conducted in offspring of long-lived parents found a genome-wide 

significant loci for longevity near the SMAD7 locus on chromosome 18 [35]. Furthermore, 

Joshi et al. [36] used data from 1 million parent lifespans from the UK Biobank and 

26 independent European-ancestry population cohorts to carry out a GWAS of parental 

survival, which was quantified using Cox models. The study identified 11 novel loci 

associated with lifespan and replicated six previously discovered loci, with most lead SNPs 

previously implicated in autoimmune, cardiometabolic, neuropsychiatric, or smoking-related 

disease. In addition, Fitzgerald et al. [31] conducted a GWAS of cognitive resilience within 

the UK Biobank, using several proxy phenotypes. Notably, the study’s authors modeled 

the heritable effects of educational attainment using genomic structural equation modeling. 

Thirteen independent genetic loci associated with resilience were identified. At the genome-

wide level, resilience was correlated with multiple cognitive phenotypes, brain imaging 

measures, and brain disorders [31].

Both genetic and environmental factors also contribute to healthy aging and frailty. A recent 

twin study in the UK [37] examined the contribution of genetic and environmental factors 

to frailty using the frailty index in 3375 adult twins (840 monozygotic and 802 dizygotic 

full twin-pairs and 91 singletons) aged 40–84. Approximately 45% of the inter-individual 

variation in the frailty index was attributable to additive genetic factors, and 52% was due 

to the individual’s unique environment. More studies are needed to elucidate the potential 

mechanisms that mediate the relationship between genes and environmental factors, for 

instance, whether or not they induce epigenetic modifications related to healthy aging.

Social Determinants of Healthy Aging

Socioeconomic status (SES) and education are associated with lifestyle choices that are 

important for healthy aging [12]. For instance, both SES and education affect the place a 

person lives and the number of chronic stressors that will challenge their allostatic load 

regularly [38]. They also impact access to healthcare and quality of care when dealing with 

illness (described in more detail below) [39]. Individuals with higher SES are more likely to 

live in mentally and physically stimulating environments. That is important because cultural 

resources may impact cognitive and social function, and green spaces and exercise facilities 

may enhance physical activity and help maintain physical capability. All of these factors 

contribute to significantly better health and lower risk for developing chronic illness. In 
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contrast, individuals on lower SES experience more neighborhood insecurities and economic 

instability, are less likely to afford healthy diets, and have access to fewer recreational 

options. These circumstances can lead to unhealthy lifestyle behaviors and higher morbidity, 

disability, and mortality rates than their counterparts at the higher end of the SES spectrum, 

ultimately contributing to health disparities [40].

People in vulnerable situations experience greater chronic, survival-related stress. Over time, 

it is detrimental to mental and physical health. Longitudinal studies have revealed strong 

associations between the stress-activated physiological pathways of chronic disease and 

SES-related measures [41, 42]. A lower income is correlated with elevated levels of cortisol 

throughout the lifespan [43-45]. High cortisol levels can contribute to other metabolic 

alterations, including changes in high-density lipoprotein (HDL), low-density lipoprotein 

(LDL), and fasting insulin and glucose levels, as well as cardiovascular disease incidence 

and risk factors (body mass index and waist circumference). All of these are widely used 

measures to assess the relationship between SES and cardiometabolic dysregulation. Acute-

phase proteins such as C-reactive protein—a protein linked to inflammation, infection, and 

developing tissue damage and heart disease—are among the most common inflammation 

markers studied in association with SES [46]. The Chicago Community Adult Health 

Study showed that low neighborhood density and high neighborhood walkability were 

associated with lower C-reactive protein concentrations in adults of all ages [47]. These 

results suggest that aspects of densely populated neighborhoods (e.g., sleep-disturbing noise, 

pollution) may impact health over time [47]. This study also found that neighborhood 

affluence is associated with fewer biological risk factors for chronic diseases, such as high 

blood pressure and elevated cholesterol levels, after adjusting for individual-level social and 

economic background, suggesting the environment an individual currently lives in impacts 

health the most [48].

Social inequalities, including education, SES, and living environment, have arisen among 

historically disadvantaged groups. The aftermath of violence against specific racial and 

ethnic groups, namely colonization and slavery, continues to have long-term political, social, 

and economic effects on these populations. Black and brown individuals of Indigenous and 

African descent, primarily those residing in countries with a history of racial and ethnic 

discrimination, have worse health access and worse health outcomes in comparison to 

those whose ancestors were unaffected or benefitted from these violent historical events. 

Despite changes in political structures set in place to prevent racial discrimination; racial 

bias, microaggressions, and even overt racism perpetuate health disparities in Black and 

indigenous communities. Continuous exposure to racial discrimination has been associated 

with a decreased overall estimated life expectancy. Research has shown that the additive 

effects of stress caused by perceived racial discrimination may elicit epigenetic aging 

acceleration measured by DNA methylation [49, 50]. Beyond daily life stress associated 

with social class, discrimination, and resource scarcity, exposure to traumatic events during 

early life may trigger similar stress responses detrimental to a person’s health through 

adulthood. Adverse childhood experiences (ACEs) are characterized by traumatic events 

occurring during childhood; these may include verbal, physical, and sexual abuse inflicted 

on the individual or a parental figure, parental substance abuse, incarceration of a household 

member, and parental separation. Adults who have reported having three or more ACEs 
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are estimated to have approximately a 9-year reduction in quality-adjusted life expectancy 

(QALE) [51]. Also, ACEs increase the likelihood of developing alcohol and substance abuse 

and other mental illnesses later in life [52].

Older adults with higher education levels tend to be in better health, more frequently report 

higher life satisfaction and interest in life and well-being, and are more socially engaged 

[53]. In many world regions, obstacles to access basic education persist. Women suffer these 

educational disparities more than men and still struggle to attain a basic education level 

[54, 55]. A direct relationship between vulnerability and educational attainment has been 

controversial since education is also associated with income, self-efficacy, and comorbidities 

[56, 57]. Pendersen et al. [58] reported that one unit increase of education was associated 

with lower C-reactive protein (CPR), suggesting that having more education may reduce the 

allostatic load. Also, the occupational prestige gained with education was associated with 

lower CRP. On the other hand, the Coronary Artery Risk Development in Young Adults 

(CARDIA) study showed that lower educational levels are associated with higher cortisol 

levels in middle life [44]. These allostatic load changes related to education could mediate 

an individual’s vulnerability to disease later in life.

Recent work by Huibregtse et al. [59••] studied 7064 participants from the Health and 

Retirement Study. The authors showed a strong negative association between educational 

attainment polygenic scores (EA-PRSs) and two indices of frailty, a deficit accumulation 

model and a physical phenotype. The association of EA-PRS exists above and beyond 

actual years of completed education and becomes weaker as older adults approach their 

80 s. In a separate study, Atkins et al. [28] used Mendelian randomization to show that a 

higher educational attainment genetic risk score was causally associated with a lower risk of 

frailty. Furthermore, educational attainment has been linked to telomere length as a proxy 

for cellular aging. Data from the Health, Aging, and Body Composition Study in the USA 

showed that individuals with high school education had significantly shorter mean telomere 

length than those with post-high school education [60]. Individuals with shorter telomeres 

are more vulnerable to adverse outcomes and less likely to age healthily. The direction of 

causality for this relationship is not known and it should be investigated.

Lifetime healthcare access contributes to healthy aging by preserving an individual’s 

function and increasing resilience. Adequate medical care can prevent adverse outcomes 

and sequelae that could increase the individual’s vulnerability over time [61]. Also, access 

to prevention and rehabilitation services is essential to promote optimal human functioning 

and healthy aging [62]. Reduced access to healthcare leads to increased morbidity, which 

leads to decreased ability to work and increased poverty, which further reduces access to 

care [63], exacerbating vulnerability to adverse outcomes, including death. Conversely, even 

for individuals who have a high morbidity burden, the cumulative effect of having good 

access to healthcare and reasonable disease control increases the individual’s resilience and 

the possibility of healthy aging [61].

Castruita et al. Page 6

Curr Genet Med Rep. Author manuscript; available in PMC 2023 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lifestyle Factors

A crucial element for healthy aging is a healthy lifestyle. Individuals living healthy not 

only survive longer but live longer in better health, with less disability and morbidity [53, 

64]. Nutrition and exercise modulate the aging process and risk for age-related diseases. 

Research in this area has been challenging because of the lack of reliable dietary and 

exercise assessment methods, especially in elderly and diverse populations. Biological 

hallmarks such as telomere length, epigenetic clocks, and dysregulated nutrition sensing 

have helped us look at the relationship between nutrition and aging through a new lens [19].

The molecular “epigenetic clock” has shown that chronological age profoundly affects DNA 

methylation levels [65]. Epigenetic age acceleration is broadly defined as the epigenetic age 

left unexplained by chronological age. The terms intrinsic and extrinsic denote additional 

modifications to this concept depending on whether the measurement is affected by blood 

cell counts or not, respectively. Quach et al. studied extrinsic and intrinsic epigenetic 

age acceleration in more than 4000 subjects from the Women’s Health Initiative and the 

InCHIANTI Italian cohort. Intrinsic epigenetic age acceleration was negatively associated 

with fish intake, moderate alcohol consumption, and blood carotenoid levels—an indicator 

of fruit and vegetable consumption. Extrinsic epigenetic age acceleration showed a positive 

correlation with BMI [66]. An elevated BMI [67], insulin resistance [68], and cardiovascular 

disease [69] are related to oxidative stress and inflammation that affect telomerase activity, 

shortening the lifespan. These results show that food could influence healthy aging through 

the type of food and the consumed amount. Notably, radical interventions to lose weight, 

such as bariatric surgery, can cause recovery in telomere length [70].

Some of the recommended dietary interventions that aim to prevent disease and allow 

healthy aging might be more successful in individuals with specific genotypes. The 

Coronary Diet Intervention with Olive Oil and Cardiovascular Prevention (CORDIOPREV) 

study showed that the telomerase RNA component (TERC) rs12696304 interacts with 

monounsaturated fatty acids, modulating inflammation and telomere attrition related to 

coronary heart disease. Among individuals with monounsaturated fatty acid levels above the 

median at baseline, those with the C/C genotype had higher lymphocyte telomere length 

and lower high-sensitivity C-reactive protein levels than G allele carriers. Also, habitual 

consumption of a Mediterranean diet in individuals with the C/C genotype had a more 

significant decrease in high-sensitivity C-reactive protein than G allele carriers [71]. In 

addition to telomere length, other Mediterranean diet contents such as lower content of 

animal protein and lower glycemic index might modulate the insulin/IGF-1 or the mTOR 

pathways leading to the activation of FOXO3A and, consequently, to the transcription of 

homeostatic genes that favor longevity. Also, downregulation of both IGF-1 and mTORC1 

induces an anti-inflammatory effect [72].

Physical activity triggers the activation of metabolic pathways, has protective properties 

against several age-related diseases, and is associated with increased quality of life. In 

contrast, a lack of physical activity or sedentary behavior is a significant risk factor for 

chronic illnesses. Individuals who engage in physical activity have lower mortality rates than 

those who are sedentary. In a meta-analysis of 23 longitudinal cohorts, Daskalopoulou et al. 
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[73] found a positive association between physical activity and healthy aging. Individuals 

engaging in physical activity had higher odds of living a healthy life in older age than less 

active participants. One of the responsible mechanisms might be related to the endothelium-

derived hyperpolarizing factors, which act through K+ channels, regulate blood flow, and 

are essential to vascular health. Healthy active older adults have enhanced K+ channel–

dependent endothelial vasodilatory mechanisms, suggesting increased responsiveness to 

endothelium-derived hyperpolarizing factors [74].

Sleep is also a part of the lifestyle factors that decrease frailty improving healthy aging. A 

study in the Rugao Longevity and Aging Study (RuLAS) in Jiangsu, China, investigated 

associations between sleep disturbances with frailty and pre-frailty states in 1726 people 

aged 70–87 [75]. Low sleep quality was associated with higher odds of frailty (OR = 

1.78, 95% CI 1.19–2.66). Interestingly, longer sleep duration (> 9 h per night) was also 

associated with frailty and pre-frailty states [75]. A study in Ashkenazi Jewish centenarians 

from the Longevity Genes Project studied sleep patterns in 348 centenarians with preserved 

cognition, their offspring (513 adults, median age 69 years), and 199 controls age-matched 

to the offspring [76]. At age 70, centenarians were more likely to have slept more than 8 

h (55%) and have napped (28%) than offspring and controls. Interestingly, they observed 

no association between sleep patterns and health outcomes among centenarians. Although 

the authors reported no significant differences in sleep patterns between offspring and 

controls, children of centenarians were less likely to present age-related diseases, suggesting 

inheritance of resilience genotypes from their centenarian parents [76].

Mental Health and Psychological Factors

Subjective well-being (SWB) is the practice by which people evaluate their own life 

experiences [77]. In recent years, research in psychology has prompted a paradigm 

shift where there has been a growing interest in understanding social and environmental 

factors influencing wellness [78]. Traditionally, psychology has focused on understanding 

pathological features of mental illness. However, a new wave of research centering on 

possible avenues for preventative care interventions has urged interdisciplinary approaches 

to understand the many domains by which subjective well-being is defined. Furthermore, 

biological and epidemiological studies have identified associations between SWB and 

different biomarkers of the aging body, suggesting SWB as an important element for healthy 

aging [79-82].

SWB can be divided into two main categories, hedonic (HWB) and eudaimonic (EWB) 

well-being. HWB refers to feelings surrounding the absence of pain and pleasure attainment, 

while EWB relates to feelings associated with self-realization, meaning, and purpose [83, 

84]. These two features of SWB have been associated with biological mechanisms believed 

to contribute to overall physiological wellness. Positive affectivity elements from HWB 

show an association with mortality measured by day-to-day positive mood levels, where 

those with higher positive affect can show up to 50% mortality risk reduction [85]. Under 

eudaimonic well-being, a sense of purpose in life is hypothesized to act as a modulator for 

stress activation response, promoting faster recovery after exposure to stress [86]. Among 
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older adults, those with a high self-reported sense of purpose in life show a reduced risk of 

developing Alzheimer’s disease than those at the lower ends of the spectrum [87].

There is substantial evidence that individuals who have clinical diagnoses across the entire 

spectrum of mental disorders have a shorter life expectancy than the general population [88]. 

Suicide accounts for 17% of mortality due to unnatural causes in this group [89, 90], but 

most of the years of life lost in people with mental illness are related to poor physical health, 

in particular, due to comorbid chronic and infectious diseases [91-95].

Frailty and depression in late life are highly correlated. Lohman et al. [96] used data 

from the 2010 Health and Retirement Study, which included 3453 community-dwelling 

participants aged 65 and older, to estimate correlations between depression and frailty. 

Three alternative conceptual models were used to index frailty: (a) biological syndrome, (b) 

frailty index, and (c) functional domains. The correlations between depression and frailty 

ranged from 0.61 to 0.70 and between 0.45 and 0.56 after accounting for shared symptoms 

between depression and frailty models. Stress and depression have also been implicated in 

telomere biology, accelerated aging, and associated age-related diseases, including metabolic 

disorders and dementia. Boccardi and Boccardi recently published a mini literature review 

on conceptual models of healthy and active aging and their relationship with telomere 

biology and mental health [97].

Older people with chronic illnesses show increased levels of depressed mood and impaired 

well-being [82]. Subjective well-being and physical health are related bidirectionally 

and affect the aging process, with better well-being having a protective role in health 

maintenance [82]. The role of individual components of well-being such as life satisfaction, 

positive affect, and negative affect has been studied in relation to longevity. Gana et al. [98] 

used longitudinal data from 3777 people aged 62–101 from the PAQUID cohort to identify 

longevity predictors. Only positive affect was associated with longevity, even after adjusting 

for prior medical conditions, functional status, and self-rated health.

From developmental stages to older age, intrapersonal interactions are crucial for 

survival. Social connections can influence health-altering lifestyle behaviors, impact mental 

health, and provide safety from environmental threats. Meta-analytic reports have shown 

significantly increased survival rates among those with strong social relationships across all 

ages [99]. Similarly, loneliness, defined by a lack of social interactions, has also been linked 

to morbidity and mortality rates in adult populations, showing an increased risk of death 

and chronic illness among lonely people [100]. Although there is not a precise biological 

mechanism by which loneliness affects physical health, a higher cortical amyloid burden has 

been detected among lonely older adults in a previous study [101].

Taken together, the above evidence suggests that subjective well-being, depression, 

loneliness, and having a life purpose may influence healthy aging and longevity. However, 

the precise mechanisms are yet to be elucidated.
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Blue Zone Populations

Blue Zones are global regions where people reach age 100 at ten times greater than the US 

average. People in these areas not only live longer but also healthier lives. These areas are 

Loma Linda, CA, USA; Nicoya, Costa Rica; Sardinia, Italy; Ikaria, Greece; and Okinawa, 

Japan. These populations share some commonalities regarding social determinants of health. 

The environment in which healthy agers spend about 90% of their lives is within 5 miles 

of their home. In these areas, known as the “Life Radius,” individuals are at a walkable 

distance from the places where they work, get food, socialize, and exercise their faith. These 

environments enable the possibility to walk wherever is needed, keeping inhabitants of these 

regions continuously moving without them having to think about it [18, 102]. Inhabitants 

of Blue Zone populations have a strong sense of purpose in life. For example, Okinawans 

have the concept of ikigai, a sense of purpose that results in personal fulfillment and is 

embodied by the sense of “having a reason to jump out of bed each morning.” In addition, 

it is also crucial for long-lived, healthy agers to have a sense of belonging to a community, 

satisfactory family bonds, and strong, long-lasting friendships and support networks.

Despite overall healthy aging, disparities within Blue Zone populations do exist. For 

example, studies showed that Sardinian and Ikarian men had fewer depressive symptoms 

and better mental well-being than women [18, 102, 103]. Cultural reasons could explain 

these gender effects. For example, for Sardinians, overcoming societal pressure to control 

impulsive emotional expression was crucial for developing resilience in women. Conversely, 

the development of prosocial behaviors curbing aggression was crucial in men [103]. 

Of notice, all Blue Zone populations are very homogeneous societies. As a result, there 

are reduced opportunities for being discriminated against due to racial, SES, or religious 

reasons. Socialization and routines that shed life stress for the inhabitants of Blue Zones are 

important. Okinawans take a few moments each day to remember their ancestors; Adventists 

in Loma Linda pray; Ikarians take a nap; and Sardinians do happy hour [18, 102]. Regarding 

diet, there are two rules. The first rule is to eat 80% of the amount that makes them feel full 

during the day, and eat their smallest meal in the late afternoon or early evening [18, 102]. 

The second rule is that the diet is mostly plant-based. The dominant dietary model among 

the elderly of Nicoya and Sardinia is a plant-based diet (cereals followed by legumes and 

fruit), complemented by a non-negligible consumption of animal products (pork meat) and 

dairy products. More than 85% of the Nicoyans and more than 75% of the Sardinians drink 

coffee daily [104]. Coffee and tea drinking, fruit intake, and exclusive olive oil use were 

inversely associated with CVD and death in the Ikarian population [105]. Also, moderate 

wine drinkers outlive nondrinkers and reduced the number of cardiovascular diseases [18, 

102].

Conclusions

In summary, healthy aging represents the life-long ability to physiologically adapt to 

intrinsic and external stressors to minimize frailty in aging and maximize resilience in older 

age. The continuum of allostatic load represents a combination of genetic and environmental 

factors that can, in some cases, have life-long consequences. There are numerous molecular, 

physical, objective, and subjective measures of healthy aging and well-being, though 
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whether these play causal roles versus merely proxy underlying biological phenomenon 

contributing to optimal homeostasis during aging remains to be determined. Healthy 

aging, epitomized by Blue Zone populations, is observed globally; these populations share 

common traits including strong life purpose, daily physical and social activity, life-long 

community engagement, and diets rich in plant products. However, another commonality of 

Blue Zone populations is homogeneity, since discrimination and exclusion are less likely in 

these contexts. That is in stark contrast to environments with long-standing social inequities 

across racial, ethnic, gender, lifestyle, religious, or political groupings, where disparities 

are exacerbated by additional social determinants of health, including reduced access to 

education and employment, lower SES, greater chronic stress due to discrimination, food 

scarcity, environmental hazards, pollution, and adverse childhood events. Chronic stressors 

increase the allostatic load, reducing overall resilience and increasing the risk for mental 

illness and age-related disease. Thus, to promote healthy aging across all global populations, 

it is paramount that we enhance our biological understanding of the drivers of resilience 

while simultaneously undoing the social barriers that underlie chronic stress leading to 

frailty.

Acknowledgements

SDPE and MER are Atlantic Fellows for Equity in Brain Health at the Global Brain Health Institute (GBHI) and 
thank GBHI for supporting their work. MER thanks support from the Australian National Health and Medical 
Research Council and Australian Research Council (GNT1102821).

Funding

Funding in support of this work includes the NIH NIA grants R01 AG062588 and R01 AG057234, the Alzheimer’s 
Association (SG-20–725707-ReDLat), the Rainwater Charitable Foundation, and the Mary Oakley Foundation to 
JSY.

References

Papers of particular interest, published recently, have been highlighted as:

• Of importance

•• Of major importance

1. López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of aging. Cell. 
2013;153:1194–217. [PubMed: 23746838] 

2. Simon HA. The architecture of complexity. Proc Am Philos Soc. 1962;106:467–82.

3. McEwen BS. Stressed or stressed out: what is the difference? J Psychiatry Neurosci. 2005;30:315–8. 
[PubMed: 16151535] 

4. Modell H, Cliff W, Michael J, McFarland J, Wenderoth MP, Wright A. A physiologist’s view of 
homeostasis. Adv Physiol Educ. 2015;39:259–66. [PubMed: 26628646] 

5. Jeste DV, Depp CA, Vahia IV. Successful cognitive and emotional aging. World Psychiatry. 
2010;9:78–84. [PubMed: 20671889] 

6. Marmot M, Wilkinson RG. Social determinants of health in older age. Social Determinants of 
Health; 2005. p. 267–96. 10.1093/acprof:oso/9780198565895.003.13.

7. Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha JA. Combined impact of 
smoking and early-life exposures on adult lung function trajectories. Am J Respir Crit Care Med. 
2017;196:1021–30. [PubMed: 28530117] 

Castruita et al. Page 11

Curr Genet Med Rep. Author manuscript; available in PMC 2023 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8. Feng Z, Cramm JM, Nieboer AP. A healthy diet and physical activity are important to 
promote healthy ageing among older Chinese people. J Int Med Res. 2019;47:6061–81. [PubMed: 
31709866] 

9. Daskalopoulou C, Stubbs B, Kralj C, Koukounari A, Prince M, Prina AM. Associations of smoking 
and alcohol consumption with healthy ageing: a systematic review and meta-analysis of longitudinal 
studies. BMJ Open. 2018;8:e019540.

10. Eckstrom E, Neukam S, Kalin L, Wright J. Physical activity and healthy aging. Clin Geriatr Med. 
2020;36:671–83. [PubMed: 33010902] 

11. da Silva PA. Individual and social determinants of self-rated health and well-being in the elderly 
population of Portugal. Cad Saude Publica. 2014;30:2387–400. [PubMed: 25493992] 

12. Ovrum A, Gustavsen GW, Rickertsen K. Age and socioeconomic inequalities in health: examining 
the role of lifestyle choices. Adv Life Course Res. 2014;19:1–13. [PubMed: 24796874] 

13. Tomini F, Tomini SM, Groot W. Understanding the value of social networks in life satisfaction of 
elderly people: a comparative study of 16 European countries using SHARE data. BMC Geriatr. 
2016;16:203. [PubMed: 27905902] 

14. Zheng Z, Chen H. Age sequences of the elderly’ social network and its efficacies on well-being: an 
urban-rural comparison in China. BMC Geriatrics; 2020. 10.1186/s12877-020-01773-8.

15. Ali T, Nilsson CJ, Weuve J, Rajan KB, Mendes de Leon CF. Effects of social network diversity 
on mortality, cognition and physical function in the elderly: a longitudinal analysis of the Chicago 
Health and Aging Project (CHAP). J Epidemiol Community Health. 2018;72:990–6. [PubMed: 
29970598] 

16. Levasseur M, Roy M, Michallet B, St-Hilaire F, Maltais D, Généreux M. Associations between 
resilience, community belonging, and social participation among community-dwelling older 
adults: results from the Eastern Townships Population Health Survey. Arch Phys Med Rehabil. 
2017;98:2422–32. [PubMed: 28455192] 

17. Cosco TD, Howse K, Brayne C. Healthy ageing, resilience and wellbeing. Epidemiol Psychiatr Sci. 
2017;26:579–83. [PubMed: 28679453] 

18. Buettner D, Skemp S. Blue Zones: lessons from the world’s longest lived. Am J Lifestyle Med. 
2016;10:318–21. [PubMed: 30202288] 

19. Fried LP, Cohen AA, Xue Q-L, Walston J, Bandeen-Roche K, Varadhan R. The physical 
frailty syndrome as a transition from homeostatic symphony to cacophony. Nature Aging Nature 
Publishing Group. 2021;1:36–46. [PubMed: 34476409] 

20. Michel J-P, Graf C, Ecarnot F. Individual healthy aging indices, measurements and scores. Aging 
Clin Exp Res. 2019;31:1719–25. [PubMed: 31463926] 

21. Schächter F, Faure-Delanef L, Guénot F, Rouger H, Froguel P, Lesueur-Ginot L, et al. Genetic 
associations with human longevity at the APOE and ACE loci. Nat Genet. 1994;6:29–32. 
[PubMed: 8136829] 

22. Arai Y, Sasaki T, Hirose N. Demographic, phenotypic, and genetic characteristics of centenarians 
in Okinawa and Honshu, Japan: Part 2 Honshu. Japan Mech Ageing Dev. 2017;165:80–5. 
[PubMed: 28214534] 

23. Tindale LC, Leach S, Spinelli JJ, Brooks-Wilson AR. Lipid and Alzheimer’s disease genes 
associated with healthy aging and longevity in healthy oldest-old. Oncotarget. 2017;8:20612–21. 
[PubMed: 28206976] 

24. Willcox BJ, Tranah GJ, Chen R, Morris BJ, Masaki KH, He Q, et al. The FoxO3 gene and 
cause-specific mortality. Aging Cell. 2016;15:617–24. [PubMed: 27071935] 

25. Willcox BJ, Morris BJ, Tranah GJ, Chen R, Masaki KH, He Q, et al. Longevity-associated FOXO3 
genotype and its impact on coronary artery disease mortality in Japanese, Whites, and Blacks: a 
prospective study of three American populations. J Gerontol A Biol Sci Med Sci. 2017;72:724–8. 
[PubMed: 27694344] 

26. Grossi V, Forte G, Sanese P, Peserico A, Tezil T, Lepore Signorile M, et al. The longevity SNP 
rs2802292 uncovered: HSF1 activates stress-dependent expression of FOXO3 through an intronic 
enhancer. Nucleic Acids Res. 2018;46:5587–600. [PubMed: 29733381] 

27. Rose G, Sørensen M, Dato S. Genetic determinants of human longevity. MDPI; 2019.

Castruita et al. Page 12

Curr Genet Med Rep. Author manuscript; available in PMC 2023 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



28. Atkins JL, Jylhävä J, Pedersen NL, Magnusson PK, Lu Y, Wang Y, et al. A genome-wide 
association study of the frailty index highlights synaptic pathways in aging. medRxiv. Cold Spring 
Harbor Laboratory Press. 2019;19007559.

29••. Willems SM, Wright DJ, Day FR, Trajanoska K, Joshi PK, Morris JA, et al. Large-scale GWAS 
identifies multiple loci for hand grip strength providing biological insights into muscular fitness. 
Nat Commun. Nature Publishing Group. 2017;8:1–12. [PubMed: 28232747] In this article, a 
large-scale genetic discovery analysis in a combined sample of 195,180 individuals identified 16 
loci associated with grip strength. A number of these loci contain genes implicated in structure 
and function of skeletal muscle fibers (ACTG1), neuronal maintenance and signal transduction 
(PEX14, TGFA, SYT1), or monogenic syndromes with involvement of psychomotor impairment 
(PEX14, LRPPRC, and KANSL1). This is important since hand grip strength is a widely used 
health marker in aging. It is a proxy of muscular fitness, a marker of frailty, and predictor of a 
range of morbidities and all-cause mortality.

30. Jones G, Trajanoska K, Santanasto AJ, Stringa N, Kuo C-L, Atkins JL, et al. Genome-wide 
meta-analysis of muscle weakness identifies 15 susceptibility loci in older men and women. Nat 
Commun Nature Publishing Group. 2021;12:1–11. [PubMed: 33397941] 

31. Fitzgerald J, Fahey L, Holleran L, Broin PÓ, Donohoe G, Morris DW. Identification of 
13 independent genetic loci associated with cognitive resilience in healthy aging in 330,097 
individuals in the UK Biobank. Cold Spring Harbor Laboratory; 2021. p. 2021.01.22.427640. 
https://www.biorxiv.org/content/10.1101/2021.01.22.427640v1.abstract.

32•. Zenin A, Tsepilov Y, Sharapov S, Getmantsev E, Menshikov LI, Fedichev PO, et al. Identification 
of 12 genetic loci associated with human healthspan. Communications Biology. Nature 
Publishing Group. 2019;2:1–11. [PubMed: 30740537] This article explored data from the UK 
Biobank (UKB) cohort and identified 12 loci associated with healthspan at the whole-genome 
significance level. Strong genetic correlations between healthspan and all-cause mortality, life 
history, and lifestyle traits were found. This article interrogates in a new way genetics of human 
longevity, disease, and healthy aging.

33. Timmers PR, Mounier N, Lall K, Fischer K, Ning Z, Feng X, et al. Genomics of 1 million parent 
lifespans implicates novel pathways and common diseases and distinguishes survival chances. 
eLife Sciences Publications Limited. 2019 [cited 2021 Feb 21]. https://elifesciences.org/articles/
39856.

34. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older 
adults: evidence for a phenotype [Internet]. J Gerontol A Biol Sci Med Sci. 2001. p. M146–57. 
10.1093/gerona/56.3.m146. [PubMed: 11253156] 

35. Flatt T, Heyland A. Mechanisms of life history evolution: the genetics and physiology of life 
history traits and trade-offs. OUP Oxford; 2011.

36. Joshi PK, Pirastu N, Kentistou KA, Fischer K, Hofer E, Schraut KE, et al. Genome-wide meta-
analysis associates HLA-DQA1/ DRB1 and LPA and lifestyle factors with human longevity. Nat 
Commun Nature Publishing Group. 2017;8:1–13. [PubMed: 28232747] 

37. Young ACM, Glaser K, Spector TD, Steves CJ. The identification of hereditary and environmental 
determinants of frailty in a cohort of UK twins. Twin Res Hum Genet. 2016;19:600–9. [PubMed: 
27719687] 

38. Robinette JW, Charles ST, Almeida DM, Gruenewald TL. Neighborhood features and 
physiological risk: an examination of allostatic load. Health Place. 2016;41:110–8. [PubMed: 
27583527] 

39. McMaughan DJ, Oloruntoba O, Smith ML. Socioeconomic status and access to healthcare: 
interrelated drivers for healthy aging. Front Public Health. 2020;8:231. [PubMed: 32626678] 

40. Kollia N, Caballero FF, Sánchez-Niubó A, Tyrovolas S, Ayuso-Mateos JL, Haro JM, et al. Social 
determinants, health status and 10-year mortality among 10,906 older adults from the English 
longitudinal study of aging: the ATHLOS project. BMC Public Health. 2018;18:1357. [PubMed: 
30526556] 

41. Meng G, Thompson ME, Hall GB. Pathways of neighbourhood-level socio-economic determinants 
of adverse birth outcomes. Int J Health Geogr. 2013;12:32. [PubMed: 23786633] 

42. Biological embedding of psychosocial stress over the life course. Epigenetics of aging and 
longevity. Academic Press; 2018. p. 251–70.

Castruita et al. Page 13

Curr Genet Med Rep. Author manuscript; available in PMC 2023 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.biorxiv.org/content/10.1101/2021.01.22.427640v1.abstract
https://elifesciences.org/articles/39856
https://elifesciences.org/articles/39856


43. Evans GW, English K. The environment of poverty: multiple stressor exposure, 
psychophysiological stress, and socioemotional adjustment. Child Dev. 2002;73:1238–48. 
[PubMed: 12146745] 

44. Cohen S, Schwartz JE, Epel E, Kirschbaum C, Sidney S, Seeman T. Socioeconomic status, race, 
and diurnal cortisol decline in the Coronary Artery Risk Development in Young Adults (CARDIA) 
study. Psychosom Med. 2006;68:41–50. [PubMed: 16449410] 

45. Li L, Power C, Kelly S, Kirschbaum C, Hertzman C. Life-time socio-economic position and 
cortisol patterns in mid-life. Psychoneuroendocrinology. 2007;32:824–33. [PubMed: 17644268] 

46. Owen N, Poulton T, Hay FC, Mohamed-Ali V, Steptoe A. Socioeconomic status, C-
reactive protein, immune factors, and responses to acute mental stress. Brain Behav Immun. 
2003;17(4):286–95. 10.1016/s0889-1591(03)00058-8. [PubMed: 12831831] 

47. King K. Neighborhood walkable urban form and C-reactive protein. Prev Med. 2013;57:850–4. 
[PubMed: 24096140] 

48. King KE, Morenoff JD, House JS. Neighborhood context and social disparities in cumulative 
biological risk factors. Psychosom Med. 2011;73:572–9. [PubMed: 21862824] 

49. Thomas MD, Sohail S, Mendez RM, Márquez-Magaña L, Allen AM. Racial Discrimination and 
Telomere Length in Midlife African American Women: Interactions of Educational Attainment 
and Employment Status. Ann Behav Med. 2021;55(7):601–611. 10.1093/abm/kaaa104. [PubMed: 
33289498] 

50. APA PsycNet. [cited 2021 Feb 28]. 10.1037/hea0000788.

51. Jia H, Lubetkin EI. Impact of adverse childhood experiences on quality-adjusted life expectancy in 
the U.S. population. Child Abuse Negl. 2020;102:104418. [PubMed: 32088537] 

52. Douglas KR, Chan G, Gelernter J, Arias AJ, Anton RF, Weiss RD, et al. Adverse childhood events 
as risk factors for substance dependence: partial mediation by mood and anxiety disorders. Addict 
Behav. 2010;35:7–13. [PubMed: 19720467] 

53. Sowa A, Tobiasz-Adamczyk B, Topór-Mądry R, Poscia A, la Milia DI. Predictors of healthy 
ageing: public health policy targets. BMC Health Serv Res. 2016;16(Suppl 5):289. [PubMed: 
27609315] 

54. Quintana Lana S.Ethnic and racial disparities in education: psychology’s role in 
understanding and reducing disparities. American Psychological Association; 2012. 
10.1080/00405841.2016.1148985.

55. Local Burden of Disease Educational Attainment Collaborators. Mapping disparities in education 
across low- and middle-income countries. Nature. 2020;577:235–8. [PubMed: 31875853] 

56. Hoogendijk EO, van Hout HPJ, Heymans MW, van der Horst HE, Frijters DHM, Broese van 
Groenou MI, et al. Explaining the association between educational level and frailty in older adults: 
results from a 13-year longitudinal study in the Netherlands. Ann Epidemiol. 2014;24:538–44.e2. 
[PubMed: 24935466] 

57. Etman A, Burdorf A, Van der Cammen TJM, Mackenbach JP, Van Lenthe FJ. Socio-demographic 
determinants of worsening in frailty among community-dwelling older people in 11 European 
countries. J Epidemiol Community Health. 2012;66:1116–21. [PubMed: 22544921] 

58. Pedersen JM, Budtz-Jørgensen E, De Roos A, Garcia L, Lund R, Rod NH, et al. Understanding the 
relation between socioeconomic position and inflammation in post-menopausal women: education, 
income and occupational prestige. Eur J Public Health. 2017;27:1074–9. [PubMed: 29186460] 

59••. Huibregtse BM, Newell-Stamper BL, Domingue BW, Boardman JD. Genes related to education 
predict frailty among older adults in the United States. J Gerontol B Psychol Sci Soc Sci. 
2021;76:173–83. [PubMed: 31362310] This article explores data from a sample of 7064 non-
Hispanic, white adults participating in the 2004–2012 waves of the Health and Retirement 
Study. Results showed a strong and negative association between genes for education and frailty 
symptoms in later life. This association exists above and beyond years of completed education 
and we demonstrate that this association becomes weaker as older adults approach their 80s. This 
article expands on research that links social factors and frailty among older adults by considering 
the role of genes.

Castruita et al. Page 14

Curr Genet Med Rep. Author manuscript; available in PMC 2023 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



60. Yaffe K, Lindquist K, Kluse M, Cawthon R, Harris T, Hsueh W-C, et al. Telomere length and 
cognitive function in community-dwelling elders: findings from the Health ABC Study. Neurobiol 
Aging. 2011;32:2055–60. [PubMed: 20031273] 

61. Halfon N, Larson K, Lu M, Tullis E, Russ S. Lifecourse health development: past, present and 
future. Matern Child Health J. 2014;18:344–65. [PubMed: 23975451] 

62. Chiu C-J, Hu J-C, Lo Y-H, Chang E-Y. Health promotion and disease prevention interventions 
for the elderly: a scoping review from 2015–2019. Int J Environ Res Public Health. 2020;17. 
10.3390/ijerph17155335.

63. Hao L, Xu X, Dupre ME, Guo A, Zhang X, Qiu L, et al. Adequate access to healthcare and added 
life expectancy among older adults in China. BMC Geriatr. 2020;20:129. [PubMed: 32272883] 

64. Södergren M. Lifestyle predictors of healthy ageing in men. Maturitas. 2013;75:113–7. [PubMed: 
23522750] 

65. Christensen BC, Houseman EA, Marsit CJ, Zheng S, Wrensch MR, Wiemels JL, et al. Aging 
and environmental exposures alter tissue-specific DNA methylation dependent upon CpG island 
context. PLoS Genet. 2009;5:e1000602. [PubMed: 19680444] 

66. Quach A, Levine ME, Tanaka T, Lu AT, Chen BH, Ferrucci L, et al. Epigenetic clock analysis of 
diet, exercise, education, and lifestyle factors. Aging. 2017;9:419–46. [PubMed: 28198702] 

67. Mundstock E, Sarria EE, Zatti H, Mattos Louzada F, Kich Grun L, Herbert Jones M, et al. Effect 
of obesity on telomere length: systematic review and meta-analysis. Obesity. 2015;23:2165–74. 
[PubMed: 26407932] 

68. Strazhesko I, Tkacheva O, Boytsov S, Akasheva D, Dudinskaya E, Vygodin V, et al. Association 
of insulin resistance, arterial stiffness and telomere length in adults free of cardiovascular diseases. 
PLoS ONE. 2015;10:e0136676. [PubMed: 26308091] 

69. Haycock PC, Heydon EE, Kaptoge S, Butterworth AS, Thompson A, Willeit P. Leucocyte 
telomere length and risk of cardiovascular disease: systematic review and meta-analysis. BMJ. 
2014;349:g4227. [PubMed: 25006006] 

70. Laimer M, Melmer A, Lamina C, Raschenberger J, Adamovski P, Engl J, et al. Telomere length 
increase after weight loss induced by bariatric surgery: results from a 10 year prospective study. Int 
J Obes. 2016;40:773–8.

71. Gomez-Delgado F, Delgado-Lista J, Lopez-Moreno J, Rangel-Zuñiga OA, Alcala-Diaz JF, Leon-
Acuña A, et al. Telomerase RNA component genetic variants interact with the Mediterranean 
diet modifying the inflammatory status and its relationship with aging: CORDIOPREV study. J 
Gerontol A Biol Sci Med Sci. 2018;73:327–32. [PubMed: 27707805] 

72. Vasto S, Buscemi S, Barera A, Di Carlo M, Accardi G, Caruso C. Mediterranean diet and healthy 
ageing: a Sicilian perspective. Gerontology. 2014;60:508–18. [PubMed: 25170545] 

73. Physical activity and healthy ageing. a systematic review and meta-analysis of longitudinal cohort 
studies. Ageing Res Rev Elsevier. 2017;38:6–17. [PubMed: 28648951] 

74. Serviente C, Berry CW, Kenney WL, Alexander LM. Healthy active older adults have enhanced 
K channel-dependent endothelial vasodilatory mechanisms. Am J Physiol Regul Integr Comp 
Physiol. 2020;319:R19–25. [PubMed: 32401629] 

75. Sun X-H, Ma T, Yao S, Chen Z-K, Xu W-D, Jiang X-Y, et al. Associations of sleep quality and 
sleep duration with frailty and pre-frailty in an elderly population Rugao longevity and ageing 
study. BMC Geriatr BioMed Central. 2020;20:1–9.

76. Klein L, Gao T, Barzilai N, Milman S. Association between sleep patterns and health in families 
with exceptional longevity. Front Med. 2017;4:214.

77. Panel on Measuring Subjective Well-Being in a Policy-Relevant Framework, Committee on 
National Statistics, Division on Behavioral and Social Sciences and Education, National 
Research Council. Subjective well-being: measuring happiness, suffering, and other dimensions 
of experience. Stone AA, Mackie C, editors. Washington (DC): National Academies Press (US); 
2014.

78. Hutchinson A-MK, Stuart AD, Pretorius HG. Biological contributions to well-being: the 
relationships amongst temperament, character strengths and resilience. SA J Ind Psychol. 2010. 
10.4102/sajip.v36i2.844.

Castruita et al. Page 15

Curr Genet Med Rep. Author manuscript; available in PMC 2023 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



79. Ryff CD, Love GD, Urry HL, Muller D, Rosenkranz MA, Friedman EM, et al. Psychological 
well-being and Ill-being: do they have distinct or mirrored biological correlates? Psychotherapy 
and Psychosomatics; 2006. p. 85–95. 10.1159/000090892. [PubMed: 16508343] 

80. Ryff CD, Singer BH, Dienberg LG. Positive health: connecting well-being with biology. Philos 
Trans R Soc Lond B Biol Sci. 2004;359:1383–94. [PubMed: 15347530] 

81. Trudel-Fitzgerald C, Millstein RA, von Hippel C, Howe CJ, Tomasso LP, Wagner GR, et 
al. Psychological well-being as part of the public health debate? Insight into dimensions, 
interventions, and policy. BMC Public Health. 2019;19:1712. [PubMed: 31856772] 

82. Steptoe A, Deaton A, Stone AA. Subjective wellbeing, health, and ageing. Lancet. 
2015;385(9968):640–48. 10.1016/S0140-6736(13)61489-0. [PubMed: 25468152] 

83. Waterman AS, Schwartz SJ, Zamboanga BL, Ravert RD, Williams MK, Bede Agocha V, et al. 
The questionnaire for eudaimonic well-being: psychometric properties, demographic comparisons, 
and evidence of validity. J Posit Psychol. 2010. p. 41–61. 10.1080/17439760903435208. [PubMed: 
34326891] 

84. Feldman F Daniel Kahneman, Ed Diener, Norbert Schwarz (eds.). Well-being: the foundations of 
hedonic psychology (New York: The Russell Sage Foundation, 1999), pp. xii 593. Utilitas. 2006. 
p. 192–6. 10.1017/s0953820806231972.

85. Steptoe A, Wardle J. Positive affect measured using ecological momentary assessment and survival 
in older men and women. Proc Natl Acad Sci U S A. 2011;108:18244–8. [PubMed: 22042845] 

86. Fogelman N, Canli T. “Purpose in Life” as a psychosocial resource in healthy aging: an 
examination of cortisol baseline levels and response to the Trier Social Stress Test. npj Aging 
Mech Dis. 2015. 10.1038/npjamd.2015.6.

87. Boyle PA, Buchman AS, Barnes LL, Bennett DA. Effect of a purpose in life on risk of incident 
Alzheimer disease and mild cognitive impairment in community-dwelling older persons. Arch Gen 
Psychiatry. 2010;67:304–10. [PubMed: 20194831] 

88. Firth J, Siddiqi N, Koyanagi A, Siskind D, Rosenbaum S, Galletly C, et al. The Lancet Psychiatry 
Commission: a blueprint for protecting physical health in people with mental illness. Lancet 
Psychiatry. 2019;6:675–712. [PubMed: 31324560] 

89. Chesney E, Goodwin GM, Fazel S. Risks of all-cause and suicide mortality in mental disorders: a 
meta-review. World Psychiatry. 2014;13:153–60. [PubMed: 24890068] 

90. Walker ER, McGee RE, Druss BG. Mortality in mental disorders and global disease burden 
implications: a systematic review and meta-analysis. JAMA Psychiat. 2015;72:334–41.

91. Roerecke M, Rehm J. Alcohol use disorders and mortality: a systematic review and meta-analysis. 
Addiction. 2013;108:1562–78. [PubMed: 23627868] 

92. Olfson M, Gerhard T, Huang C, Crystal S, Stroup TS. Premature mortality among adults with 
schizophrenia in the United States. JAMA Psychiat. 2015;72:1172–81.

93. Chang C-K, Hayes RD, Broadbent M, Fernandes AC, Lee W, Hotopf M, et al. All-cause mortality 
among people with serious mental illness (SMI), substance use disorders, and depressive disorders 
in southeast London: a cohort study. BMC Psychiatry BioMed Central. 2010;10:1–7.

94. Das-Munshi J, Chang C-K, Dutta R, Morgan C, Nazroo J, Stewart R, et al. Ethnicity and excess 
mortality in severe mental illness: a cohort study. Lancet Psychiatry. 2017;4:389–99. [PubMed: 
28330589] 

95. Reilly S, Olier I, Planner C, Doran T, Reeves D, Ashcroft DM, et al. Inequalities in physical 
comorbidity: a longitudinal comparative cohort study of people with severe mental illness in the 
UK. BMJ Open. 2015;5:e009010.

96. Lohman M, Dumenci L, Mezuk B. Depression and frailty in late life: evidence for a common 
vulnerability. J Gerontol B Psychol Sci Soc Sci. 2016;71:630–40. [PubMed: 25617399] 

97. Boccardi M, Boccardi V. Psychological wellbeing and healthy aging: focus on telomeres. 
Geriatrics. Multidisciplinary Digital Publishing Institute; 2019;4:25. [PubMed: 31023993] 

98. Gana K, Broc G, Saada Y, Amieva H, Quintard B. Subjective wellbeing and longevity: findings 
from a 22-year cohort study. J Psychosom Res. 2016;85:28–34. [PubMed: 27212667] 

99. Holt-lunstad J, Smith T. Social relationships and mortality risk: a meta-analytic review. SciVee. 
2010. 10.4016/19911.01.

Castruita et al. Page 16

Curr Genet Med Rep. Author manuscript; available in PMC 2023 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



100. Wilson RS, Krueger KR, Arnold SE, Schneider JA, Kelly JF, Barnes LL, et al. Loneliness and risk 
of Alzheimer disease. Arch Gen Psychiatry. 2007;64:234–40. [PubMed: 17283291] 

101. Donovan NJ, Okereke OI, Vannini P, Amariglio RE, Rentz DM, Marshall GA, et al. Association 
of higher cortical amyloid burden with loneliness in cognitively normal older adults. JAMA 
Psychiat. 2016;73:1230–7.

102. Panagiotakos DB, Chrysohoou C, Siasos G, Zisimos K, Skoumas J, Pitsavos C, et al. 
Sociodemographic and lifestyle statistics of oldest old people (>80 years) living in Ikaria island: 
the Ikaria study. Cardiol Res Pract. 2011;2011:679187. [PubMed: 21403883] 

103. Fastame MC, Hitchcott PK, Mulas I, Ruiu M, Penna MP. Resilience in elders of the Sardinian 
Blue Zone: an explorative study. Behav Sci. 2018;8. 10.3390/bs8030030.

104. Nieddu A, Vindas L, Errigo A, Vindas J, Pes GM, Dore MP. Dietary habits, anthropometric 
features and daily performance in two independent long-lived populations from (Costa Rica) and 
(Sardinia). Nutrients. 2020;12. 10.3390/nu12061621.

105. Chrysohoou C, Pitsavos C, Lazaros G, Skoumas J, Tousoulis D, Stefanadis C, et al. Determinants 
of all-cause mortality and incidence of cardiovascular disease (2009 to 2013) in older adults: the 
Ikaria study of the Blue Zones. Angiology. 2016;67:541–8. [PubMed: 26324204] 

Castruita et al. Page 17

Curr Genet Med Rep. Author manuscript; available in PMC 2023 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Genetic and Other Biological Factors
	Social Determinants of Healthy Aging
	Lifestyle Factors
	Mental Health and Psychological Factors
	Blue Zone Populations
	Conclusions
	References



