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Abstract

While the biological hallmarks of aging are widely recognized as fundamental
mechanisms of biological aging, more recently, there have been calls within
geroscience to understand the aging process more comprehensively by adding
a perspective of the social hallmarks of aging. Social and behavioral factors, such as
socioeconomic status, life events or behavior and beliefs can alter the aging process per
se and act in complex interactions with biological pathways. In addition, underlying
biological pathways have been proposed for various psychosocial concepts, such as
views on age and relationship quality. The aim of the present article is to provide
narrative insights into theoretical and empirical developments between social and
behavioral gerontology and geroscience or biogerontology. This article focuses on
the potential of an interdisciplinary aging research but it also sets out the critical
perspective that social gerontology provides.
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Biological aging is described as a gradual
or progressive deterioration of health,
including the functional impairment of
physiological systems and disease, lead-
ing ultimately to death [17]. Biological
hallmarks of aging ([17, 18]; see also Simm
and Fuellen in this special issue) are, in
particular, genomic instability, telomere
attrition, epigenetic alterations, loss of
proteostasis, disabled macroautophagy,
deregulated nutrient sensing, mitochon-
drial dysfunction, cellular senescence,
stem cell exhaustion, altered intercellu-
lar communication, chronic inflammation
and dysbiosis. Importantly, these mech-
anisms are interdependent and can be
altered by therapeutic interventions. Un-
derstanding the biological underpinnings
of the aging process itself and being
able to manipulate these, is likewise the
foundation of geroscience (e.g., [12]).

Behavioral and social science as
a “vehicle” for moving from the
laboratory to people

Behavioral and social science is an um-
brella term for a variety of disciplines,
approaches and methods. Behavioral sci-
ences examine environmental aspects and
behavioral, mental, social and physiologi-
cal processes as well as the interactions of
these processes with the social and nat-
ural environment, which can be under-
stood as antecedents and consequences
of behavior. Disciplines include psychol-
ogy, anthropology, sociology, economics
and cognitive science. Social science fo-
cuses more on the study and theorizing
of societies and the social exchange pro-
cesses of individuals within societies. Dis-
ciplines include sociology, anthropology,
psychology, economics and political sci-
ence. Behavioral and social gerontology
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studies howwomen and men adapt to the
environment or shape the environment as
they age through the application of be-
havioral and social theories to aging.

While the geroscience community has
long been focused on biological mecha-
nisms in laboratory studies using animal
models, the geroscience literature is in-
creasingly opening up to behavioral and
social sciences. Behavioral and social sci-
ence are then described as a “vehicle”
for translation from the laboratory to the
real-world settings [19]. This approach
rarely considers behavioral and social sci-
ence as equal contributors to the develop-
ment of interdisciplinary theories of aging.
Moffitt argued that geroscience can be
“augmented” by behavioral and social sci-
ences to foster the translation from animal
models to humans in the living environ-
ments. Additionally, the author posited
that health inequalities that could other-
wise arise from geroscience research can
be reduced when knowledge from be-
havioral and social sciences is considered.
Another line of argumentation describes
behavioral and social sciences as crucial
for information on the design of clinical
trials of geroscience interventions andout-
comes [19, 21, 23].

Linking social and behavioral
gerontology with biological aging
research

Social aging, as opposed to biological ag-
ing, has been conceptualized as the aging
processes and outcomes that are shaped
in their meaning and experiences by so-
cietal factors and by the social construc-
tion of aging [14]. Behavioral aging refers
to aging-related behaviors and their an-
tecedents and outcomes as well as the
behavioral interactions between humans
and their physical and social environments
(for further discussion, see [26]).

A seminal work in social and behav-
ioral aging research recently introduced
the social hallmarks of aging [6]. Accord-
ing to Crimmins these social hallmarks are
lifetime socioeconomic status, adversity in
childhood and adulthood, being a mem-
ber of a minority group, adverse health
behavior and adverse psychological states.
Crimmins’workcanbeunderstoodasacur-
rent push to define the psychosocial con-

ditions of aging and thereby further so-
lidify the relationships to the biological
foundations of aging. While it needs to
be highlighted that social determinants of
individual diseases or healthy aging have
been established for decades, the attempt
by Crimmins tries to conceptualize the re-
lation of psychosocial factors on the aging
process per se. Furthermore, in the the-
oretical and empirical work of Crimmins,
the interrelation of the social hallmarks of
aging(i.e., age, gender, socioeconomicsta-
tus, childhood trauma and health, chronic
stressors, depressiveness, negative out-
look, and health behavior) with biolog-
ical mechanisms (i.e., bioage, epigenetic
age acceleration, telomere length, mito-
chondrial DNA copy number) on common
outcomes (i.e., instrumental activities of
daily living, multimorbidity, cognitive dys-
function, and mortality) was stressed [6].
Recent advances in the availability of high-
quality longitudinal panel data containing
biological as well as psychosocial variables
make the investigation of truly biopsy-
chosocial research on the aging process
possible (e.g., HealthandRetirementStudy
[6]).

A recent example where the social
and biological hallmarks of aging were
combined into a coherent framework is
the determinants of multimorbidity in
the primer on multimorbidity by Skou
et al. [24]. Within this framework, dis-
tinct synergistic interplays between both
biological and psychosocial factors on
multimorbidity were assumed. A third
direct interaction with multimorbidity is
assumed via the factor “medications”.

The theoretical establishment of an in-
terplay between biological and psychoso-
cial factors is not new. Baltes earlier pro-
posed a meta-theory of aging which out-
lined the complex interplay of biological
and psychosocial factors [1]. The princi-
ples of this theory entail a negative age
correlation, where genome-based plastic-
ity and biological potential decrease with
age. While the biological potential de-
creases with age, the need for culture-
based compensation of biological losses
increases. Finally, the efficiency of culture
decreases as humans move to very old
age.

Another framework was outlined by
Kuh et al. [3]. Their integrated life course

model of aging combines physiological
capacity (e.g., central nervous system in-
tegrity, endocrine and immunological sys-
tem homeostasis, age-related changes in
bodycompositionandenergycapacityand
consumption)emotionalhealth, reproduc-
tive health and physical (e.g., material
conditions, pollutants, assisted technol-
ogy) and social environmental factors (e.g.,
family, neighborhood, retirement, health-
care) and their interaction through specific
phases of the life course (i.e., conception,
prenatal, prepubertal, pubertal, maturity,
senescence).

A fourthwell-established frameworkon
the interrelation of biological and psy-
chosocial mechanisms is the biopsychoso-
cial model of the International Classifica-
tion of Functioning (ICF) of health and
illness, which has been used in rehabili-
tation as well as in geriatrics and related
fields. The social and biological models of
the ICF are already incorporatedwithin the
framework of the comprehensive geriatric
assessment for clinical practice.

. Figure 1 outlines the theoretical in-
terrelations between biological and psy-
chosocial factors. A first class of mod-
els (1 “mediation”) represents a class of
models that assumes an indirect effect of
psychosocial factors via biological factors
on health outcomes. Some models from
research on age stereotypes [16, 28] and
health and social exchange processes and
health [4, 13] belong to this class. Another
class of models (2 “moderation”) assumes
a connection between biological factors
and health, which can, however, be rela-
tivized by psychosocial factors. The theory
of Baltes belongs to this class [1] as well
as the life course model by Ben-Shlomo
et al. [3]. A third class of models (3 “in-
teraction”) assumes a dynamic interaction
between both biological and psychosocial
factors. This class is different from the pre-
vious class “moderation” in that an equal
interplay of factors is interpreted, while
in moderation the path between biology
andhealthor illness is alteredbypsychoso-
cial factors. The model according to Skou
et al. [24] and the ICF model belong to
this class. Finally, a fourth class of models
(4 “independent”) can be assumed, which
assumes the independent or direct effects
of both factors, biological and psychoso-
cial. Crimmins’ analyses [6] belong to this
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Fig. 19 Theoretical inter-
relations of psychosocial
and biological pathways to
aging

class, which can also be understood as
a precursor to model class 1.

Examples of established
biopsychosocial aging research

While fully interdisciplinary aging re-
search is still scarce, examples of es-
tablished biopsychosocial aging research
exist. The biopsychosocial model of
disease stresses the interconnectedness
between biological, psychological and so-
cial factors in determining an individual’s
medical condition. The interplay between
the three factors determines the cause,
manifestation and resolution of disease,
emphasizing complex dynamics beyond
biological factors. Aging research should
therefore consider social and behavioral
factors alongside biological factors to deal
with the disruptive effects of the aging
process. Complex pathways of psychoso-
cial concepts on health are described and
empirically tested, for instance, in the field
of views on aging and health as well as
relationship quality in health and aging.

Socioeconomic inequalities and
biological aging

Recent efforts for a better understanding
of unequal aging have led to increased
interest in the interplay between cu-
mulative socioeconomic inequalities and
biological aging [7, 11, 25]. Socioeco-

nomic disadvantage throughout the life
course poses a risk for the quality of aging
and even accelerated biological aging,
yet the mechanisms driving such differ-
ences have seldomly been explored in
geroscience. Potential pathways between
socioeconomic disadvantages and health
outcomes could bemediated by biological
processes, such as accelerated biological
aging. The EU funded Lifepath Research
Consortium aimed to investigate the un-
derlying biological mechanisms through
which socioeconomic inequalities would
affect deterioration in healthy aging [25].
Drawing on omics data in combination
with socioeconomic and behavioral infor-
mation from 17 cohorts, the consortium
looked at socioeconomically stratified
biological markers, allostatic load and
DNA methylation. The results of the
studies suggest that socioeconomic cir-
cumstances are embedded in our biology
from the outset and therefore affect aging
processes across the life course.

It is reasonable to presume that the so-
cial context is closely linked to biological
aging, particularly considering the inter-
sectionofmultiple social inequalities, such
as economic position, gender and ethnic-
ity and accumulated over the life course.
Methodological advances in social and be-
havioral gerontology include the multi-
level analysis of individual heterogene-
ity and discriminatory accuracy (MAIHDA),
which enables the investigation of inter-

sectional effects of social inequalities on
health outcomes. These advances could
be valuable bridges to biogerontology, en-
abling the unravelling of how inequality
gets under the skin through the aging pro-
cess. Concerning MAIHDA, the study by
Holman et al. [10] constitutes a scarce ex-
ample where intersectional social inequal-
ities in biomarkers of aging were investi-
gated.

Behavior and biological aging

It is widely recognized that behavioral fac-
tors, such as physical activity, healthy diet
and stress management are modulators of
the aging process and age-related health
outcomes [20]. For instance, physical ex-
ercise was found to be associated with
accelerated telomere shortening, indicat-
ing that behavior could accelerate cellular
aging [29]; however, studies that inves-
tigate particular mechanisms of how be-
havior that translates into biological aging
are adopted and maintained in the spe-
cific context are scarce. Such experience-
dependent and context-dependent pro-
cesses could be studied in light of how
behavioral causation is mediated at the
biological level. Ecologic momentary as-
sessments (EMA) have largely been used
in behavioral sciences. There have been
some EMA studies using for example sali-
vary biomarkers of stress response as well
as physical activity assessed via accelerom-
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etry in combination with self-report mea-
sures (e.g., beliefs and affects that precede
behavior), but their adoption in acceler-
ated aging research is lacking [30]. The
emergence of epigenetics is a valuable
tool to understand how different behav-
ioral factors interact at different life stages
to modulate the rate of biological aging
through altered epigenomes [2, 19, 20].
Although there is great potential, behav-
ioral theoryandprincipleshave rarelybeen
incorporated into geroscience [19].

Social exchange processes and
biological aging

It appears to be common sense that social
embeddedness and health are connected,
yet the specific pathways that drive this as-
sociation from societal to individual levels
can be very complex. The framework of
Berkman et al. outlines the pathways from
macro-level factors, which condition the
extent, shapeandnatureofsocialnetworks
atamezzo-level, which, in turnprovideop-
portunities for psychosocial mechanisms
at the micro-level [4]. Psychosocial mech-
anisms include social support, social influ-
ence and engagement, but also person to
person contacts and access to resources
[4]. These psychosocial mechanisms were
assumed to impact health through be-
havioral (e.g., diet, exercise), psychological
(e.g., self-efficacy, sense ofwell-being) and
physiological (e.g., allostatic load, immune
system function) pathways.

How social exchange processes relate
to biological aging was more explicitly in-
vestigated in studies from Kiecolt-Glaser’s
group [13, 27]. They investigated mar-
ried couples and how social support is
associated with aging-related biomark-
ers (i.e., proinflammatory cytokines and
insulin-like growth factor 1) [27]. More
comprehensively, Kiecolt-Glaser et al. [13]
described the potential pathways from
chronic marital distress to mental health
problems, such as depression, which then
increase the risk for obesity, metabolic
syndrome, and cardiovascular and car-
diometabolic diseases through behavioral
(e.g., poor diet, sleep problems, low exer-
cise levels) to physiological (e.g., insulin,
triglycerides), which also increases the
likelihood of gut dysbiosis and acceler-
ated aging (e.g., inflammaging).

Views on aging and biological aging

According to the stereotype embodiment
theory (SET) proposed by Levy, positive
and negative age stereotypes in our so-
cieties become embodied through inter-
nalization processes [16]. These stereo-
types can be conscious or unconscious,
but become salient from self-relevance
(i.e., societal cues that prompt “old age”).
Importantly, internalized age stereotypes
are assumed to impact health through be-
havioral (e.g., sedentary behavior, medi-
cation adherence), psychological (e.g., ex-
pectations, which also alter behavioral re-
sponses such as cognitive and physical
functioning) and physiological (e.g., in-
creased cardiovascular and hypothalamic-
pituitary-adrenal [HPA] responses to stress)
pathways [16]. Wurm et al. differentiated
age stereotypes, self-perceptions of aging,
subjective age and personality and devel-
opmental processes that are assumed to
lead to health-related outcomes via be-
havioral, psychological and physiological
pathways (in line with the SET) and sug-
gest differentiating between gain versus
loss-related views on aging [28].

The evidence linking biomarkers of ag-
ing with views on aging was reviewed
by Schönstein et al. [22]. They identified
studies thatassociatedviewsonagingwith
telomere length, blood-based biomarkers
(e.g., C-reactive protein [CRP], cystatin C),
and functioning (grip strength, walking
speed or cognitive performance). While
this is an emerging field of research, the
body of evidence is still scarce.

Critical perspectives on
geroscience from social sciences

Geroscience formulates a vision for pre-
venting age-related diseases and loss of
function by targeting biological mecha-
nisms of aging [21]. There is a critical de-
bate in social gerontology regarding the
geroscience perspective on the aging pro-
cess, butalsoon theneed for incorporation
of senescence into social science and so-
cial gerontology [8, 9]. Gilleard and Higgs,
for instance, argued that recognizing the
social structuring of later life is impor-
tant to understand aging beyond “aging
as senescence” including positive views on
aging, benefits and gains for the aged per-

son, the community and the society [9].
Social gerontology can critically capture
concerns with anti-aging and longevity
extension scenarios that have been raised
by geroscience scholars. Conversely, ig-
noring senescence in social gerontology
risks not comprehensively understanding
aging in its interdependence of “ageing
bodies, ageing subjects and ageing soci-
eties” [9].

General conclusion

The aforementioned “vehicle” approach to
use the findings of behavioral science as
a method to ensure adherence and to ini-
tiate behavior in geroscience attempts, so
to speak as a methodological tool, with-
out these sciences themselves being part
of the theory-testing or generating scien-
tific process, must certainly be critically
questioned. Research on an equal level
between disciplinary perspectives would
certainlybeamuchmore fruitful approach.
This approach would involve developing
and testing both behavioral and gero-
science theories at the same time or, in
the best-case scenario, establishing even
a truly interdisciplinary theory that in-
tegrates both perspectives into one ap-
proach.

This article briefly outlines existing re-
search on behavior, inequality, social ex-
change, and views on aging in relation to
the research on biology of aging; however,
there are many more emerging fields of
interaction that could not be touched on
in the article. For instance, the lifespan
theory by Carstensen et al. (e.g., [5]), but
also established concepts such as loneli-
ness [15], cognition, stress appraisal, and
controls beliefs and their links to biogeron-
tologyarenotdiscussedhere for reasonsof
space limitations. Additionally, the rapidly
expanding field of sociogenomics is likely
to advance the inclusion of social factors
into biological aging research by untan-
gling complex interactions between inher-
ent genetic susceptibility and social envi-
ronmental exposures [31]. Finally, trends
in population aging led to the emergence
of biodemography, a promising field that
revealednewinsights into thenatureofhu-
man longevity, including postponement
of mortality and senescence, healthy life
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span and demography of healthy aging
[32].

There are methodological advances in
social and behavioral gerontology such
as MAIHDA and EMA as mentioned be-
fore, which could incorporated into an in-
terdisciplinary research agenda. Another
important discussion refers to data infras-
tructures that enable this interdisciplinary
workbetweenbehavioral andsocialgeron-
tology and biogerontology. Concerning
longitudinal and representative data, the
health and retirement study is currently
among the rare exceptions.

A joint research agenda that integrates
all disciplinary approaches on an equal
footing is necessary inorder to successfully
pursue this interdisciplinary endeavor of
combining social and behavioral research
with the biology of aging to answer the
complex questions that concern our soci-
eties. The question remains, what can one
perspective do better than the other and
where synergies can best arise. This work
provides examples of fruitful approaches
and provides empirical examples but also
shows the limitations.

The discussion should certainly be
based on the negotiation of central ter-
minologies as to what is understood as
“normal aging” and what is understood
as “pathological aging” or what can be
understood as health and illness. The
integration of social and behavioral sci-
ence thinking with geroscience could also
mean first agreeing on commonquestions
that are of interest in aging: These could
be the life span approach, conception of
resilience and prevention, or understand-
ing diversity, understanding plasticity and
understanding the multidimensionality of
any development or prediction of healthy
life span or mortality. In this respect, the
boundaries between social and behavioral
science and geroscience seem to have to
been overcome before cooperation with
the same view on the aging process and a
common view what constitutes a human
is possible. In this respect, it has to be kept
in mind that geroscience is not the same
as biogerontology or biology of aging
and objecting to one does not necessarily
mean criticizing the other.

In this article a taxonomy of interdisci-
plinary models is proposed (see . Fig. 1).
This may structure existing theoretical and

empirical work in gerontology and guide
future attempts to work across disciplinary
borders. Being clear about the nature or
relation of the combination of constructs
of models from different disciplines is the
key to further joint research.

Practical conclusion

While the recent attempts to move gero-
science from basic science to clinical trials
and broadening the disciplinary spectrum
to successfully proceed with this translation,
an equal and reciprocal interdisciplinary re-
search agenda that incorporates social sci-
ence and geroscience approaches would be
needed.
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Zusammenfassung

Psychosoziale und biologische Wege zum Altern. Die Rolle(n) der
Verhaltens- und Sozialwissenschaften in der Geroscience

Während die „biologischen Merkmale des Alterns“ weithin als grundlegende
Mechanismen des biologischen Alterns anerkannt sind, gibt es in jüngster Zeit in der
Geroscience Forderungen, den Alterungsprozess umfassender zu beschreiben, indem
man eine Perspektive der „sozialen Merkmale des Alterns“ hinzufügt. Soziale und
verhaltensbezogene Faktoren wie der sozioökonomische Status, Lebensereignisse oder
Verhaltensweisen und Überzeugungen können den Alterungsprozess per se verändern
und in komplexen Wechselwirkungen mit biologischen Signalwegen wirken. Darüber
hinaus wurden zugrunde liegende biologische Pfade für verschiedene psychosoziale
Konzepte vorgeschlagen, beispielsweise für Altersbilder und die Beziehungsqualität.
Ziel des vorliegenden Artikels ist es, narrative Einblicke in theoretische und empirische
Entwicklungen zwischen sozial- und verhaltenswissenschaftlicher Gerontologie und
Geroscience bzw. Biogerontologie zu geben. Während sich dieser Beitrag auf das
Potenzial einer interdisziplinären Alternsforschung konzentriert, stellt er auch die
kritische Perspektive dar, die die soziale Gerontologie bietet.
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