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Executive Summary 
On February 25-26, 2021, the National Institute on Aging (NIA) Division of Behavioral and Social 
Research (BSR) held a workshop to promote coordination and collaboration among deeply 
phenotyped longitudinal studies of aging. BSR supports many deeply phenotyped, small- to 
mid-size longitudinal studies which, collectively, span the full life course. These studies collect 
rich data on behavioral and psychological processes, often incorporate experience sampling or 
daily diary protocols, and frequently include biomarker and neuroimaging assessments. This 
workshop builds on discussions at a recent National Academies of Sciences, Engineering, and 
Medicine (NASEM) meeting about the potential benefits of and challenges to increasing 
coordination and collaboration among these studies.  

Workshop discussions focused on: (1) infrastructure needs to promote cross-study interactions 
and data access; (2) biological markers of aging; and (3) considerations of time, lifecourse, and 
place.  

During the first session, chaired by Dr. Ryan Bogdan (Washington University in St. Louis), 
presenters reviewed ongoing research from several BSR-funded studies to illustrate how 
integration and collaboration may foster advances in science and how challenges to 
collaboration may be confronted. The second session, chaired by Dr. Anna Marsland (University 
of Pittsburgh), focused on biological markers of aging, including the pros and cons of 
incorporating these markers into deeply phenotyped longitudinal studies. The third session, 
chaired by Dr. Stacey Scott (Stony Brook University), provided a primer on age, period, and 
cohort effects, as well as examples of these effects in longitudinal studies, and discussion of the 
challenges they pose. 

The second day of the workshop featured extended breakout discussions centered on themes 
that emerged during the first day of the workshop.  

1. Lifecourse adversity and mid-/later-life health 
2. Timescales, time periods, and life stages 
3. Open science, data sharing, and cross-study communication 
4. Accelerating measurement of biomarkers over time 
5. Preparing for future cross-study collaborations 

The purpose of these breakout sessions was to identify the long-term goals and critical 
challenges or barriers to collaboration among deeply phenotyped longitudinal studies. Breakout 
session participants were asked to consider how these gaps and opportunities could be 
addressed by formulating concrete plans related to their topic area. 

The overall goal of this workshop was to start a dialogue among researchers involved with 
deeply phenotyped longitudinal studies to promote greater coordination among existing 
projects and encourage collaboration toward multi-cohort data integration, construct 
harmonization, and collaborative publications. 

https://www.nia.nih.gov/research/dbsr/expert-meeting-harmonization-and-coordinated-analysis-behavioral-and-psychological
https://www.nia.nih.gov/research/dbsr/expert-meeting-harmonization-and-coordinated-analysis-behavioral-and-psychological
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Meeting Summary 

Introduction to the Workshop 
Lis Nielsen, PhD, National Institute on Aging (NIA) 

The National Institute on Aging (NIA) Division of Behavioral and Social Research (BSR) supports 
a variety of large population-based longitudinal studies, including the Health and Retirement 
Study (HRS), the English Longitudinal Study of Ageing (ELSA), Midlife in the United States 
(MIDUS), the National Health and Aging Trends Study (NHATS), and the Panel Study of Income 
Dynamics (PSID). The portfolio of NIA-funded studies increasingly spans the full lifecourse, as in 
the National Longitudinal Study of Adolescent to Adult Health (Add Health). Data from each of 
these population-based studies are publicly available and widely used. Research networks have 
been established to promote communication and coordination among the investigators leading 
these efforts and enable cross-national comparative studies of aging processes. NIA has also 
invested in the improvement of measures for a range of psychological constructs and social 
environmental exposures in aging studies, including support for the NIH Toolbox, the 
Reversibility Network, the Biomarker Network, and the Stress Measurement Network. 

The purpose of this workshop was to fill a gap in current harmonization and coordination 
efforts by convening researchers from smaller, psychologically rich, deeply phenotyped 
longitudinal studies in order to explore common questions and promote combined and parallel 
analyses across these studies. These studies have collected a large amount of data on 
personality, stress, emotions, social relationships, self-regulation, and well-being, often 
alongside biomarker and neuroimaging data. This workshop builds on discussions at a recent 
National Academies of Sciences, Engineering, and Medicine (NASEM) meeting about the 
potential benefits of and challenges to increasing coordination and collaboration across these 
studies. These collaborations represent valuable opportunities to extend findings across 
contexts or cohorts, identify mediators or limitations of initial findings, and serve as a nimble 
testing ground for innovation (e.g., new measurements) that could be imported into larger 
population-based studies. 

Integrative Analysis of Longitudinal Studies on Aging: Benefits and 
Challenges of a Coordinated, Collaborative Approach 
Scott Hofer, PhD, University of Victoria and Oregon Health & Science University  

The Integrative Analysis of Longitudinal Studies of Aging (IALSA) network fosters collaboration 
across more than 120 longitudinal studies to advance the study of aging, health, and dementia. 
The Maelstrom-IALSA Metadata Catalogue was developed to help identify which of the IALSA 
network’s longitudinal studies are best suited to contribute to new analyses based on scientific 
relevance and harmonization potential; international consortia that often work with IALSA 
metadata can also be found in the catalogue. 

https://hrs.isr.umich.edu/about
https://hrs.isr.umich.edu/about
https://www.elsa-project.ac.uk/
http://midus.wisc.edu/puboverview.php
http://midus.wisc.edu/puboverview.php
https://nhats.org/
https://psidonline.isr.umich.edu/
https://psidonline.isr.umich.edu/
https://addhealth.cpc.unc.edu/
https://www.healthmeasures.net/explore-measurement-systems/nih-toolbox
https://www.brown.edu/public-health/mindfulness/content/reversibility-network%C2%A0%C2%A0
https://gero.usc.edu/cbph/network/
https://www.stressmeasurement.org/
https://www.nia.nih.gov/research/dbsr/expert-meeting-harmonization-and-coordinated-analysis-behavioral-and-psychological
https://www.nia.nih.gov/research/dbsr/expert-meeting-harmonization-and-coordinated-analysis-behavioral-and-psychological
https://www.ialsa.org/
https://www.maelstrom-research.org/network/ialsa
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Replicating longitudinal studies is difficult for various reasons. Therefore, accounting for 
potential sources of variation in study results—including measures, measurement models, 
populations and samples, design factors, completeness of data, and retest effects—is critically 
important. Differences in the statistical or analytic models applied to longitudinal data can also 
complicate comparison of published results across studies. The emphasis of these comparisons 
should be on validating whether the same causal factors produce the same patterns of results. 
A dynamic relationship exists between replication and generalizability of findings, and one or 
two replications is insufficient to establish the range of generalization, given the many potential 
differences. Multiple replications in multiple data sources may be required to determine true 
reproducibility.   

Sources of heterogeneity (e.g., measurements, analysis, and populations) that lead to different 
results across studies may themselves be testable hypotheses. Cross-method analysis, for 
example, can be used to evaluate the sensitivity of results to study design and analytic 
methods. Cross-cohort analysis can assess the causes of differential outcomes in birth cohorts, 
and cross-country analysis can capture differences in secular trends and policies. In addition, 
long-term within-person assessments are a key feature of many longitudinal studies. 

When harmonizing studies, researchers need to identify which sources of variation should be 
equated or harmonized, which sources should be adjusted for, and which sources should be 
contrasted; these sources of variation can include research questions, measurements, statistical 
models, sociodemographic variables, and population differences. If measurements cannot be 
harmonized, researchers can potentially select different measurements using the same narrow 
construct definition.  

The IALSA network facilitates coordinated and parallel analyses in order to maximize the data 
value from each study while making results as comparable as possible. The IALSA network 
leverages construct-level comparisons, harmonized research questions, and common statistical 
models, emphasizing patterns of cross-study results to enable the drawing of similar 
conclusions regardless of the variables used. These analyses often lead to meta-analyses or 
updates to existing meta-analyses. A coordinated analysis approach offers several advantages: 
it does not require exact measures or quantitative harmonization; it addresses the major 
challenge of measurement harmonization by performing construct-level comparisons (which 
can broaden multi-study context); and it represents a practical solution to the replication 
challenges posed by other approaches (e.g., sequential replication). In addition, coordinated 
analysis is a valuable approach for performing broad systematic reviews, evaluating 
heterogeneity across study results, and accumulating knowledge based on cross-validated 
evidence. 

Coordinated analysis is a collaborative approach that can be achieved without direct sharing of 
data. A workshop model, in which researchers convene to share summary results in real time, 
often leads to new results, subsequent collaborations, and training and networking 
opportunities for early-career investigators.  
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Session 1: Infrastructure Needs to Promote Study Interaction and 
Data Access 
Chair: Ryan Bogdan, PhD, Washington University in St. Louis 

This session features ongoing research from several BSR-funded studies to illustrate how integration and 
collaboration may foster advances in science and how challenges to collaboration may be confronted. 
Four speakers will introduce their studies, present on methodological considerations when integrating 
diverse phenotypes, and share preliminary emerging findings that might inform future collaborative 
projects. 

Integrating Multiple Longitudinal Datasets to Maximize Robustness, Replicability, and 
Generalizability 
Dan Mroczek, PhD, Northwestern University 

The Veterans Affairs Normative Aging Study (NAS) began in the early 1960s and recruited a 
cohort of 2,280 male veterans in Boston. Because the participants were screened for good 
health, the older participants were less representative of their age peers at study launch, 
although the surviving cohort (n≈420) more closely resembles the general male population with 
respect to rates and causes of mortality. From 1970 to 2020, participants underwent triennial 
biomedical exams, which included the assessment of biomarkers and cardiometabolic 
measures. Cognitive functioning and memory measures were added in 1993. Participants also 
completed self-report questionnaires and responded to mail surveys that assessed many 
variables including social support and personality between exams. Unique assessments (e.g., 
Military Experiences Survey and 1-week daily diary studies) were also performed periodically. A 
new project—the Boston Early Adversity & Mortality Study (BEAMS)—was launched to leverage 
administrative data linkages (e.g., birth registries, neighborhood information) that will provide 
information about the early lives of NAS cohort participants in order to generate a dataset that 
encompasses the entire lifecourse. 

Deeply phenotyped longitudinal studies may be combined in a coordinated analysis to enhance 
robustness and replicability of findings, and well as assist in evaluating generalizability. When 
effects are largely identical across many studies, they may be broadly generalizable, but more 
often, heterogeneity is observed. For example, a recent coordinated analysis of the effect of 
conscientiousness on mortality found heterogeneity in the presence of effect as well as in 
effect size, which could result from some systematic variance across cohorts that itself can 
become a testable hypothesis. Whereas studies that do not observe a significant effect (e.g. 
‘negative results’) may not be easily independently publishable, and traditional meta-analyses 
only rely on studies with significant findings, publication of coordinated analyses drawn from 
multiple longitudinal studies, including data with and without significant effects, can be of great 
benefit to the field. Heterogeneity across studies informs the bounds of generalizability, which 
has given rise to suggestions that all publication discussion sections include language 
addressing constraints on generalizability. Coordinated analysis can inform these constraints by 
mitigating concerns related to data overuse, in which the same study is the subject of many 

https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000853.v1.p1
https://www.grantome.com/grant/NIH/RF1-AG064006-01
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different analyses, thereby causing the particular quirks of a cohort to become amplified in the 
literature. 

How to Use Methods to Test Theoretical Ideas: Considering Timescale When 
Harmonizing Studies 
Cindy S. Bergeman, PhD, University of Notre Dame 

Human development can be conceptualized at different timescales, including longer trends of 
continuity and change, as well as the short-term variability around which those trends are built. 
Therefore, it is important to consider whether the target attributes at the center of a 
longitudinal study appear the same when measured at different timescales. For example, stress 
regulation processes may differ on a day-to-day basis versus a longer timescale that captures 
only major life events. When integrating data from studies that collect measures at different 
frequencies, careful harmonization is required and methodological and analytical techniques 
(e.g., multi-level modeling) can help facilitate the harmonization of studies with different 
measurement cadences. Combining studies can enable accelerated longitudinal designs, in 
which researchers can impute change across a larger timescale. 

The Notre Dame Study of Health & Well-Being (NDHWB) has collected rich information at 
various timescales to investigate the complexities of development, risk, and resilience. NDHWB 
began by collecting questionnaire and daily diary data from a later-life cohort and progressed to 
incorporate interview, in-person health, and cortisol-level data, as well as mid-life and young 
adult cohorts. NDHWB’s underlying theoretical model examines the relationship between stress 
and outcome-related variables, including primary indicators of emotional or physiological 
responses, precursors to disease states, and health outcomes. NDWHB is designed to 
interrogate stress regulation—as well as the internal and external social supports that influence 
stress regulation. Using daily diary data and stress assessments that aim to capture stress 
recovery in real time, NDWHB can provide insight into how day-to-day stress regulation 
translates to macro-timescales across years and how these processes influence outcomes. 

The Dual Impact of Early and Concurrent Life Stress on Diurnal Cortisol Patterns 
Jeffry A. Simpson, PhD, University of Minnesota 

Stressful experiences activate the hypothalamic-pituitary-adrenal (HPA) axis, and long-term 
activation can lead to physiological dysregulation, cell damage, and poor health outcomes. A 
key output of the HPA axis is cortisol, a hormone that follows a circadian rhythm in which levels 
are generally highest in the morning. However, circadian cortisol patterns differ across 
individuals, and deviations from normative diurnal cortisol patterns are associated with poorer 
health outcomes.  

The impact of stress at different life stages is unclear, despite a clear connection between 
retrospective reports of stress exposure and HPA functioning. The Minnesota Longitudinal 
Study of Risk and Adaptation (MLSRA) tests three models of stress and their links to diurnal 
cortisol patterns in later life: the allostatic load model (ALM), which evaluates the stress 
responses influenced by cumulative life stress; the biological embedding model (BEM), which 

https://adalab.nd.edu/studies/current-studies/
https://innovation.umn.edu/parent-child/
https://innovation.umn.edu/parent-child/
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assesses the impact of stress during critical periods (e.g., early life) on health at other life 
stages; and the sensitization model (SM), which tests the interaction between early-life stress 
and current stress levels. The MLSRA cohort consists of first-born children born in 1975-1976 to 
mothers living in poverty (n=90 for diurnal cortisol analysis), and each participant was assessed 
regularly (at least 19 times) from birth into middle adulthood. Analyses of assessments and 
diurnal cortisol measures conducted when participants were age 37 demonstrated support for 
the SM model of stress, such that high early-life stress (i.e., ages 0-5) and high current stress 
(i.e., stress at age 37) resulted in flatter diurnal cortisol patterns, indicative of proneness to 
health problems. These results suggest that interventions should attempt to ameliorate factors 
known to generate early-life stress in children and attempt to reduce current stress in adults 
(particularly individuals who experienced early-life stress). Rich, longitudinal datasets such as 
MLSRA enable researchers to pinpoint life stages in which stress may be especially deleterious. 

Black-White Racial Health Disparities in Inflammation and Physical Health: Cumulative 
Stress, Social Isolation, and Health Behaviors 
Ryan Bogdan, PhD, Washington University in St. Louis 

The St. Louis Personality and Aging Network (SPAN) study is a longitudinal study of life 
transitions assessed at 6- to 12-month intervals. In addition to a broad range of personality, 
environment, health, and biomarker measures, the SPAN study recruits children and 
grandchildren to assess intergenerational transmission of behaviors. The cohort is 
representative of the St. Louis area (n=1,630, approximately 2:1 White:Black), which is critical 
for the study of health disparities. A biopsychosocial model of large-scale and systemic stressors 
puts forth a potential explanation of Black-White health disparities, including intergenerational 
processes that disadvantage individuals on the basis of race. 

The SPAN study tested a biopsychosocial model of racial health disparities in which race and 
stress were related to biosocial characteristics (i.e., social isolation and health behaviors) that 
were also associated with inflammation and self-reported physical health. Analyses revealed 
evidence that the poorer health outcomes observed in Black participants were explained by 
cumulative stress exposure in relation to psychological and behavioral constructs, as well as 
inflammation. Only cumulative stress exposure maintained these associations; unique aspects 
of stress—with the exception of socioeconomic status (SES)—were not associated with racial 
health disparities. These results suggest that addressing cumulative stress exposure through 
culturally-responsive interventions that target stress coping and through large-scale public 
policies that reduce cumulative stress burden (e.g., universal health care, living wage) could 
help combat stress-related vulnerabilities that contribute to racial health disparities. 

Panel Discussion & Q/A 

Retrospective and Prospective Assessments 
Many longitudinal studies rely on retrospective assessments, such as self-report and subjective 
recollection. Retrospective data may not always be reliable or even verifiable in the absence of 
historical records. Linkages with administrative data (e.g., electronic health records [EHRs]) are 
a potential source of objective assessments for verification. One advantage of some deeply 

https://sites.wustl.edu/spanlab/
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phenotyped longitudinal studies is prospective data collection, as is done in the MLSRA to 
capture early-life experiences. Such prospective data may be used to validate retrospective 
data that are collected in the same cohort later in life, and the degree of agreement between 
retrospective and prospective reports could provide insight into functional domains or 
psychopathologies. The best practices for leveraging prospective and retrospective measures to 
provide insights into the mechanisms that underlie the relationship between early-life adversity 
and outcomes still need to be determined.  

Infrastructure and Data Sharing 
Participants favored a workshop approach (similar to the IALSA network) to facilitate 
collaboration across studies over the establishment of a database or broad data sharing 
mechanism. Barriers may exist to public data sharing (e.g., confidentiality agreements), and 
data are often easier to interpret when researchers directly involved in data collection 
collaborate. In some instances, funding mechanisms require data sharing to occur shortly after 
collection, which can result in researchers missing the opportunity to publish on their own data 
before others. For researchers who wish to disseminate their datasets more broadly, dedicated 
archiving centers, such as the NIA-funded National Archive of Computerized Data on Aging 
(NACDA), can facilitate effective distribution of data; Dr. Nielsen noted that data archiving costs 
can be requested in NIH grant applications. The IALSA network does not hold or share data 
directly but instead shares meta-data via Maelstrom-IALSA Metadata Catalogue  and convenes 
researcher workshops to encourage coordinated analyses. These workshops are especially 
valuable opportunities for early-career researchers to obtain advanced training and to develop 
projects based on existing data (instead of those that require new data collection). Moreover, 
coordinated analyses have great potential to be impactful because they boost confidence in the 
replicability of findings. 

Study Comparisons 
There are many potential sources of variability across longitudinal studies. Study-level 
characteristics, such as country of origin, can sometimes explain the presence or lack of an 
effect in a particular cohort. However, study-level characteristics can often only be assessed 
descriptively. To inform questions from a lifecourse or developmental perspective, studies 
across multiple age groups can be leveraged to perform replication studies. Studies can be 
designed to assess the reliability of measurements (e.g., as biomarkers). For example, 
researchers may collect biomarker data on a pilot cohort prior to the target cohort in order to 
assess test-retest reliability; these internal reliability assessments can be factored into funding 
requests. 

Session 2: Biological Markers of Aging 
Chair: Anna Marsland, PhD, University of Pittsburgh 

Converging evidence demonstrates that individuals differ in rate of biological aging, with psychosocial 
and environmental risk characteristics associating with biomarkers of accelerated aging that predict risk 
for multiple age-related diseases, cognitive decline, and all-cause mortality better than chronological 
age.  In this session, four speakers will present on different biological markers of aging, and there will be 

https://www.icpsr.umich.edu/web/pages/NACDA/index.html
https://www.icpsr.umich.edu/web/pages/NACDA/index.html
https://www.maelstrom-research.org/network/ialsa
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an opportunity to discuss the pros and cons of including these markers in our deeply phenotyped 
longitudinal studies.   

Biomarkers of Aging 
Anna Marsland, PhD, University of Pittsburgh 

Chronic diseases comprise the majority of global disease burden and are the most common 
cause of mortality. Chronic diseases do not occur in isolation; greater than 70 percent of 
individuals with one chronic health condition have at least one additional chronic health 
condition. The risk of developing comorbid chronic diseases (e.g., diabetes, cardiovascular 
disease, neurodegenerative diseases) increases exponentially with age. These diseases 
negatively impact health span, quality of life, independence, and survival. 

Age is the primary risk factor for chronic comorbid diseases; thus, common biological 
mechanisms may contribute to health and functional decline. Chronological age on its own is 
insufficient to explain the variability in how individuals age, suggesting that other factors must 
play a role. The biological mechanisms that influence aging are established long before age-
related pathologies appear, and longitudinal studies can provide insight into the factors that 
contribute to risk and resilience in differential aging trajectories. Thus, the emphasis on taking a 
lifecourse approach to understanding biological aging is growing. Current evidence supports 
that a variety of factors—including genetics, lifestyle factors, personality, stress, SES, 
environmental exposures, and developmental programming—may predict risk for accelerated 
aging. 

Quantification of Biological Aging for Deeply Phenotyped Longitudinal Studies 
Daniel W. Belsky, PhD, Columbia University  

A geroscience model of aging-related burden of disease posits that accumulating cellular level 
molecular changes during aging contribute to a gradual and progressive decline in system 
integrity that drives functional decline, disease, disability, and mortality. The critical hypothesis 
within geroscience is that interventions that slow or reverse these molecular changes can delay 
systemic decline and extend healthy lifespan.  

Conditions that arise late in life are conditioned by early-life exposures. Deeply phenotyped 
longitudinal studies are needed to understand how biological aging links lifecourse exposures 
with disease, disability, and mortality. One theory suggests that the pace of aging can be 
inferred from the rate of decline in integrity across multiple organ systems, and that this 
decline is observable during young adulthood. The Dunedin Longitudinal Study has measured 
18 organ system integrity indicators at 3 timepoints throughout young adulthood (i.e., ages 26, 
32, 38) and modeled how each marker changed over time. These models were used to build a 
pace of aging composite metric, which captures the rate of physiological change per 
chronological year. The Dunedin Longitudinal Study supported the hypothesis that early-life 
characteristics (e.g., family history of longevity, family SES) predict an accelerated pace of aging. 

https://moffittcaspi.trinity.duke.edu/research-topics/dunedin


Deeply Phenotyped Longitudinal Studies of Aging  February 25-26, 2021 

Meeting Summary  9 

When quantifying individual differences in physiological change over time, it is important to 
measure multiple organ systems to account for any system-specific pathologies (e.g., infections) 
that do not reflect the overall pace of aging.  

If longitudinal modeling is not feasible, there exists a variety of cross-sectional approaches for 
approximating within-person physiological change. The National Health and Nutrition 
Examination Survey (NHANES) can be leveraged as a reference sample to develop algorithms 
that are compatible with a range of biomarkers. Cross-sectional approaches include: the 
Klemera-Doubal method (KDM), which employs linear models of physiological differences 
across ages; homeostatic dysregulation, which offers a measure of deviation from a healthy 
reference; and the PhenoAge algorithm, which compares individuals based upon a biomarker-
predicted mortality hazard. An R package for biological age calculations that implements these 
algorithms to query NHANES data using user-specified biomarkers is available for researchers to 
use with their own study cohorts. 

The Damage Nexus: Telomeres, Senescence, and Inflammation 
Judith E. Carroll, PhD, University of California, Los Angeles (UCLA) Cousins Center for 
Psychoneuroimmunology 

Psychological, social, environmental, and genetic factors lead to an accumulation of damage at 
the cellular level during aging. This damage pushes cells into a senescent state and activates 
biological pathways that drive inflammation and functional decline. Biomarkers of aging are 
evaluated according to face validity, robustness, and prognostic ability. DNA damage satisfies 
these criteria because it is thought to be a key driver of most age-related conditions and is 
linked to cardiovascular disease, cancer, cognitive outcomes, and neurodegeneration. DNA 
damage can be measured in numerous ways, including by expression of genes in the DNA 
damage response pathway, by direct observation via Comet assay, and by assessment of 
circulating markers (e.g., 8-OHdG).  

Telomere length is an established biomarker of aging, although there is some debate regarding 
the validity of and best approaches for this measure. Short telomeres accompanied by low 
telomerase expression induce senescence and apoptosis. Telomere length demonstrates 
moderate face validity, as it reflects some underlying aging processes (e.g., oxidative stress), 
but is not the only pathway to biological aging. As a biomarker, telomere length is both 
modestly robust and prognostic; however, measurement methods can be noisy, and its 
correlation with age is low. Telomere length can be measured by multiple methods (e.g., qPR, 
Q-FISH), and the activity of telomerase can be quantified. 

The accumulation of senescent cells is a critical component of the aging process. Senescent 
cells, which result from sustained cellular stress and processes impaired by shortened 
telomeres, release pro-inflammatory factors—a feature known as the senescent-associated 
secretory phenotype (SASP). Animal studies have demonstrated that the removal of senescent 
cells improves lifespan and reduces pathology, and these cells have become an important 
target for pharmacological interventions in aging. Cellular senescence demonstrates high face 
validity, modest robustness, and unknown prognostic ability, and can be measured by 

https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://rdrr.io/github/dayoonkwon/BioAge/api
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expression of p16INK4a in peripheral blood (particularly T-cells) or estimated from DNA 
methylation data. Inflammation and the SASP can also be measured as a biomarker, and 
inflammation demonstrates high face validity, high robustness, and high prognostic ability as a 
biological marker of aging. 

Epigenetic Aging Clocks 
Morgan Levine, PhD, Yale University School of Medicine 

While studies often observe aging at the organ system or organismal level, aging begins at the 
lowest levels of biological organization. Thus, manifestations of aging (e.g., chronic disease) 
represent the emergence of changes that have accumulated over time, often at the molecular 
level. DNA methylation is one form of epigenetic modification that impacts the conformation of 
chromatin. The level of methylation at specific genomic regions changes throughout the 
lifespan, and these changes can be experimentally quantified. The pattern of methylation at 
these sites is important, because methylation does not universally increase or decrease with 
age. DNA methylation is often measured using Illumina arrays, which estimate methylation 
levels at 850,000 CpG sites. Supervised machine learning techniques can then be used to 
develop an epigenetic clock—a predictive measure of age based on methylation data. Various 
epigenetic clocks have been developed in humans and other mammals, and most are powerful 
predictors of age. 

Discordance between epigenetic age and chronological age appears to be biologically 
meaningful. Individuals with epigenetic ages older than their chronological age are at higher 
risk for age-related diseases, functional decline, and mortality. Because DNA methylation 
measures are technically noisy, they have not always been reliable. However, a new technique 
that exploits the redundancy of the methylome can use higher-order signals to overcome this 
noise and improve the reliability of epigenetic clocks. DNA methylation measures can be used 
to generate a plethora of health-related measures and can be expanded upon as science 
progresses. For example, a suite of system-specific epigenetic measures can be used to 
categorize individuals based on ageotypes (i.e., aging profiles) that are predictive of health 
outcomes. Methylation has also informed the development of cellular senescence signatures 
that increase as a function of age and map onto chronic disease burdens. As new measures are 
developed, they can be retrospectively incorporated into studies that collect epigenetic data. 

(Some) Mitochondrial Measurements for Human Aging Studies  
Martin Picard, PhD, Columbia University 

Mitochondria are an interface between the cellular environment and the outside world, in 
terms of both their location in the cytoplasm and their role as the critical source of energy that 
fuels life and enables stress adaptation. Mitochondria are complex, living microorganisms 
whose presence is ubiquitous; some mitochondrial functions may be specific to particular 
tissues. A large body of evidence links mitochondria to aging, including observations of 
maternally inherited longevity and associations between the accumulation of mitochondrial 
DNA (mtDNA) damage and accelerated biological aging.  
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Candidate measures to assess mitochondrial function in humans include (1) mitochondrial 
energy production capacity, (2) mitochondrial composition in immune cell subtypes, (3) mtDNA 
copy number (mtDNAcn), and (4) circulating cell-free mtDNA (cf-mtDNA). Mitochondrial energy 
production capacity is measured in different ways, including with the mitochondrial health 
index (MHI), a ratio of activity within the mitochondrial respiratory chain (e.g., Complexes I, II, 
and IV) to markers of mitochondrial content. Mood can predict 10-15% of next day MHI, 
suggesting that certain psychological states drive mitochondrial changes. With regard to 
mtDNAcn in immune cells, evidence from whole blood samples has shown that mtDNAcn 
decreases with age; however, mtDNAcn varies across immune cell subtypes, including platelets, 
and the mtDNAcn of purified immune cell subtypes, which have the highest degree of biological 
specificity, may increase with age. mtDNAcn is easy to measure but difficult to interpret, 
because mtDNAcn can increase or decrease with dysfunctional mitochondria. Thus, mtDNAcn 
cannot be interpreted in a vacuum but is nevertheless predictive of some health outcomes and 
is sensitive to various exposures and traits. Finally, psychological stress has been shown to 
acutely increase plasma and serum cf-mtDNA, which could be used as a secreted marker of 
mitochondrial stress. The dynamics of cf-mtDNA over time are unclear, although levels within 
and between individuals demonstrate similar and considerable variability. Mitochondrial 
measurement methods can be applied at scale to address aging-related questions in humans; 
however, these measurements are at an early stage and require cell type and temporal 
specificity. 

Panel Discussion & Q/A 

Interpreting Biological Markers of Aging 
Measures at multiple biological levels of analysis can predict outcome trajectories, but it is not 
always clear what biological mechanisms are captured by those measures. Moreover, 
correlations between different biological markers of aging are not particularly high, suggesting 
that different aspects of the aging process manifest at different levels of biological analysis 
(e.g., mortality predictors correlate better with blood chemistry and organ function measures 
than chronological age predictors). There is likely a great deal of unmeasured signal at lower 
biological levels that significantly impact manifestations of aging at higher levels. While 
composite measures strive to capture multiple biological influences in one metric, more study 
of the component measures and their relationships to one another is required. Nonetheless, as 
more is learned about how different biological processes (e.g., metabolism, immune responses) 
contribute to aging, it is important to recognize the context of these biological measures and 
mechanisms and that outcomes should be viewed holistically at the organism level. 

Selecting Measures for Longitudinal Studies 
Epigenetic and RNA sequencing methods can be flexibly incorporated into longitudinal studies 
to capture a wide variety of biological measures. DNA methylation is a process from which 
other measures can be inferred (e.g., telomere length). Methylation is also useful because it is 
stable enough to obviate temporal concerns associated with other markers (e.g., diurnal 
fluctuations in cortisol), but still responsive to environmental influences. Methylation data also 
has the potential to be analyzed by new algorithms as the field progresses without the need to 
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collect new samples. RNA sequencing also has a broad range of potential applications and can 
be used to analyze the activation of inflammatory pathways, as well as levels of cellular 
senescence and DNA damage. However, different measures may be more suitable for specific 
purposes in aging studies. For example, higher-level functional measures (e.g., grip strength) 
are more useful for predicting proximal outcomes in a late-life cohort than lower-level 
biological measures (e.g., DNA methylation). In contrast, DNA methylation is more informative 
in predicting later life outcomes in a cohort of young adults. Further, many biological markers of 
aging have been developed from samples with European ancestry, and genetic differences 
across ancestry groups have biologically meaningful implications for the utility of these 
markers. Rigorous validation of genomic measures across ancestry groups is needed to 
interpret group differences in longitudinal studies. 

Sample Considerations 
Deeply phenotyped longitudinal studies often focus on psychological or behavioral measures, 
and thus the most relevant tissues for biological markers of aging are likely in the nervous 
system. Because brain biopsies are not readily accessible, researchers must obtain and measure 
biological data from other sources (e.g., blood or saliva). Current evidence suggests that 
epigenetic clock algorithms can be applied successfully to samples from different tissues to 
predict aging trajectories. However, whether the epigenetic age—as measured in blood or 
saliva—is necessarily a good proxy of the brain-specific epigenetic age remains unclear. 
Mitochondrial measures can be tissue- and cell type-specific, and evidence from animal studies 
suggests that brain regions differentially respond to stressors in ways that are reflected in 
mitochondrial measures. The developing field of exosomes may provide another potential 
method to obtain measures of central nervous system specific molecular changes. With regard 
to sample collection frequency, it is valuable to collect repeated longitudinal samples from the 
same individual, if possible. Multiple timepoint measures enable researchers to understand 
personal trajectories of aging and compare individuals to their younger selves rather than a 
population average. 

Session 3: Considerations of Time, Lifecourse, and Place 
Chair: Stacey B. Scott, PhD, Stony Brook University 

Longitudinal studies involve repeatedly sampling individuals across time, often with an aim of 
understanding patterns of change which may represent development, aging, adaptation, fluctuation, 
stability, growth, or decline. The embedding of study design and data collection in the contexts of time, 
lifecourse, and place, however, has received relatively less attention despite long-known influences of, 
for example, age, period, and cohort effects on longitudinal findings. Indeed, in a single cohort or 
longitudinal study, it may not be possible to disentangle these influences; however, the wealth of 
small and large N studies, with common constructs, over different timescales, fielded across different 
decades, regions, and cohorts offers potential to address these influences and uncover new theories of 
aging and health. This session will consist of four talks including a primer on age, period, and cohort 
effects, examples of these effects in large and small longitudinal studies, and discussion of challenges. 
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(Re)Considering the Roles of Time, LifeCourse, and Place in Aging Research 
Stacey B. Scott, PhD, Stony Brook University  

Longitudinal studies involve repeated sampling of individuals over time, often with the aim of 
understanding patterns of change that may represent development or aging; adaptation, 
fluctuation or sensitivity; stability, growth or decline. Longitudinal designs can address the 
limitations of cross-sectional approaches, particularly to distinguish cross-sectional between-
person age differences from within-person changes across the lifespan. However, longitudinal 
studies also have design limitations that can challenge interpretation. 

When participants enter a study in different calendar years or if they return for follow-up at 
different intervals, cohort effects can influence results. Individuals from different cohorts may 
have different developmental histories, experience stress differently, and exhibit unique 
trajectories. The effects of risk factors for negative outcomes can also differ across cohorts. 
Period effects can impact longitudinal studies when environmental and historical events that 
occur around data collection modulate participant responses or measures in ways that diverge 
from normative patterns of age differences. For example, assessment of a U.S. sample revealed 
that shortly after the 9/11 attacks, as well as at timepoints proximal to reminders of the attacks 
(e.g., the first anniversary), fear of terrorism was more similar across age groups than it was at 
timepoints with fewer reminders of that day. Considerations of place and time are also 
essential to the accurate interpretation of longitudinal data. The Einstein Aging Study, for 
example, observed significant within-person increases in loneliness in 2020 relative to 2019 and 
a greater association between neuroticism and increases in depressive affect and thought 
unpleasantness. By leveraging auxiliary data from Twitter posts from 2019 and 2020, it was 
possible to determine that community anxiety levels were higher in 2020 and thereby support 
the conclusion that the changes in participant data were likely pandemic-related (i.e., not an 
effect of aging) without the need to impose additional burden on the study participants. 

Period and Cohort Effects in Aging Research: Methods, Challenges, and Innovations 
Yang Claire Yang, PhD, University of North Carolina (UNC)-Chapel Hill 

Longitudinal analyses must account for a range of time-related variations that can influence the 
interpretation of results. Age effects are variations associated with chronological age and can 
arise from physiological changes, accumulation of social experience, social role, status changes, 
or a combination of these factors. These effects reflect biological and social processes of 
individual-specific aging that represent developmental changes across the lifecourse and can be 
observed consistently across time, space, and species. Period effects are variations over time 
periods or calendar years that influence all individuals; these effects subsume a complex set of 
historical events and environmental factors (e.g., wars, famine, pandemics, technological 
breakthroughs, economic expansions and contractions) and are evident from a correspondence 
in timing and conditions of outcomes. Period effects can also arise from changes in disease 
classification or diagnostic techniques. Cohort effects are changes across groups of individuals 
who experience an initial event (e.g., birth, college entrance, marriage) in the same year that 

https://einsteinmed.org/departments/neurology/clinical-research-program/eas/
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reflect early-life conditions and life-long exposures to socioeconomic, behavioral, and biological 
risk factors.  

To identify sources of variation in longitudinal data, age, period, and cohort effects must be 
distinguished. However, limited data and incomplete study designs can lead to confounders 
when age, period, and/or cohort variables covary. Deficient analytic methods can also confound 
these effects. For example, two-way descriptive analyses may fail to capture the influence of 
these effects on data patterns, and statistical regression modeling would be required to 
delineate these influences. Linear Age-Period-Cohort (APC) regression models can also be 
insufficient to differentiate these effects, because they assume an exact linear dependency 
across age, period, and cohort effects, thereby producing multiple estimates of the three 
effects. Research designs that enable cohort analysis with proper inference of period and 
cohort effects include (1) age-by-period tabular arrays of rates from population-level data (e.g., 
Centers for Disease Control and Prevention vital statistics); (2) repeated cross-sectional surveys 
(e.g., NHANES) with hierarchical APC models, such as the cross-classified random effects model 
(HAPC-CCREM); (3) accelerated longitudinal panels (e.g., MIDUS) with growth curve models 
(HAPC-GCM); and (4) integrative lifecourse longitudinal design, which combines multiple NIH 
cohort datasets into one sample to be analyzed by integrative data analysis (IDA). 

Cohort Effects 1920-2020 and Their Implications for Measuring Biological Aging 
Terrie E. Moffitt, PhD, Duke University 

Since 1990, life expectancies have been growing in many countries. However, these gains may 
be stalling in some countries, suggesting cohort differences in longevity. Numerous other 
cohort differences have already been identified. For example, research participants born in the 
1950s were part of a baby boom and therefore have led lives that differ in many ways 
compared to previous and subsequent cohorts. Worldwide declines in birth rates imply that 
today’s oldest study participants had twice as many children on average than current young 
adult participants, thereby suggesting biological, economic, and social differences between 
these cohorts. Trends in educational attainment create cohort effects in which older 
participants are likely to be less educated than younger participants, and trends in 
environmental exposures (e.g., cigarettes, lead, indoor plumbing, or air conditioning) and 
healthcare have fluctuated considerably over the past century and have differential impacts on 
cohorts with different exposure histories. Altogether, these cohort differences suggest that 
research participants born 50-80 years ago are biologically different from those born 20-40 
years ago; older participants were exposed to more infectious diseases, tobacco smoke, 
airborne lead, childbearing, and heat stress, and experienced less education, sanitation, 
antibiotics, and anti-inflammatory medications. Therefore, worse physiological status in older 
participants may reflect more than normal aging, which creates the potential to conflate aging 
and cohort effects. 

Early-life exposures may leave signatures in DNA methylation. Therefore, epigenetic clocks 
could conflate biological aging with early-life exposures that altered DNA methylation in older 
participants. To eliminate cohort effects in epigenetic clocks, the Dunedin Pace of Aging-

https://dunedinstudy.otago.ac.nz/
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Methylation (DunedinPoAm) algorithm was developed as a composite methylation measure of 
biological aging. DunedinPoAm modeled 19 biomarkers across 7 organ systems and tracked 
physiological decline within each participant using 4 biomarker collection timepoints over 20 
adult years. Because the participants (n=1,000) were all born in the same year (1972), the pace 
of aging only measures functional decline associated with aging. This measure must and will 
soon be validated in different cohorts (e.g., different geographical locations, birth years).  

Age and Period Factors in Psychological and Social Experience 
Andrew Steptoe, PhD, University College London 

From a social epidemiology perspective, period effects can elucidate new insights into how 
social and cultural contexts contribute to health and wellbeing. For example, period effects can 
help researchers understand the role of disease risk and protective factors, such as those that 
stem from secular changes. A recent combined analysis of ELSA and the Whitehall Study 
investigated sex differences and the role of education as a protective factor in cognitive aging. 
Historically, the incidence of dementia among women than men has been higher, which may be 
related to lower access to education among women in earlier eras. This analysis found that 
education levels increased (particularly among women) and sex differences in semantic fluency 
disappeared in later birth cohorts, suggesting that sex differences in cognitive function at older 
age is likely to decline in more recent birth cohorts. The analysis further demonstrates the use 
of period effects to study factors related to different points in time and to draw conclusions 
that are important for aging and development of health problems.  

Period effects are also important for understanding the changing meaning and significance of 
risk and protective factors in health and wellbeing. Conventional longitudinal observational 
studies in epidemiology perform baseline measurements of health and standard risk factors in a 
large cohort, measure exposure to the factor being tested, track samples prospectively for 
mortality and morbidity, and perform multivariate analysis of predictors. An important feature 
of this design is that the meaning and significance of risk and protective factors remains fixed, 
which may not be true for all target factors. For example, living alone is an established risk 
factor for mortality and many other health outcomes. However, living alone is a complex issue 
that is affected by preferences, martial dissolution, health selection, and stigma. Analysis of 
ELSA participants ages 60-75 years revealed a considerable improvement in the psychological 
wellbeing and reduction in systemic inflammation among people who lived alone in 2019 
relative to 2004. Changes in the meaning of living alone brought on by a variety of factors (e.g., 
decreases in widowhood or increases in remote social contact from 2004 to 2019) could 
account for the differences in these correlates of living alone. The study of period effects within 
longitudinal study cohorts becomes more feasible as these cohorts mature and follow-up 
periods are extended. Studies can also be combined for the comparison of patterns in different 
cohorts, provided there are enough comparable measures and selection processes. 

https://www.elsa-project.ac.uk/
https://unhealthywork.org/classic-studies/the-whitehall-study/
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Period Effects in Microlongitudinal Studies  
Shevaun D. Neupert, PhD, North Carolina State University (NCSU) 

Bronfenbrenner’s model posits that an individual’s environment is characterized by five 
systems encompassing multiple components from personal influences to broad cultural 
attitudes. The chronosystem entails the patterning of environmental events and transitions 
over the lifecourse. Within these patterns there are interruptions, where there is a temporary 
gap in a process, and disruptions, where there is a fundamental change in how a process 
unfolds. Interruptions are well-captured by the within-person variation observed in daily diary 
studies. For example, longitudinal studies may observe significant within-person changes on 
measures of daily well-being (e.g., positive or negative affect) that encompassed events 
characterized as interruptions (e.g., the Columbia shuttle explosion or the 2016 election). Daily 
diaries that are conducted in batches enable systematic analysis of the influence of 
interruptions on the data. Interruptions will vary in their position in Bronfenbrenner’s model 
(i.e., personal salience). In addition, some events, such as the COVID-19 pandemic, may 
function as both interruptions and disruptions to people’s lives. 

Longitudinal studies must account for major historical events that occur proximal to data 
collection. In some cases, these events may impact the data collection process itself. For 
example, the COVID-19 pandemic imposed limitations on in-person testing that changed the 
nature of measurement, and the virtual nature of studies may allow cohorts to expand outside 
of the geographical area of the original study. Thus, researchers should always be clear and 
precise in reports of dates and locations of data collection. Moreover, interruptions and 
disruptions can be characterized by their expectedness, personal relevance to participants, and 
geographical scale. 

Panel Discussion & Q/A 

Interpreting Data in Context 
Age, period, and cohort effects are interrelated to the point that it is impossible to study one 
set of effects without accounting for the other two. Considerations of place are similarly critical 
to a thorough analysis of temporal influences. For example, studies that collect data from 
different locations must account for cross-national or cross-cultural differences in cohorts, as 
well as the different life experiences of birth cohorts within a given geographical area. These 
sources of variation can influence attributions of etiology and social causation as patterns 
throughout the lifecourse are assessed in terms of endogenous age-related development 
changes or exogenous contextual changes. These effects can be difficult to disentangle, 
although in the absence of period and cohort effects, age effects are broadly applicable across 
time periods, cohorts, countries, and even species. To the extent these effects can be 
identified, this information enables the determination of underlying social and environmental 
factors that drive data trends. To interrogate heterogeneity observed at individual and group 
levels, repeated measures from the same individuals are useful for contextualizing results, 
because they allow participants to be compared to themselves over time, which in turn informs 
between-group comparisons. 
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Study Design Resources 
A valuable resource for potential sociohistorical events that could give rise to cohort effects is 
the Our World in Data website from Oxford University. Collaboration between longitudinal 
researchers and historians should also be encouraged to develop appropriate study design and 
analysis. Different countries will vary in their strategies of collecting epidemiological data that 
can assist with the identification of age, period, and cohort effects; Scandinavian countries and 
New Zealand collect extensive valuable reference data. Publicly available data can be used to 
establish prototypical lifecourse trajectories that can then be supplemented with patterns of 
phenotypic data to test substantive hypotheses. The Cross-National Dataset Harmonization 
Project is another valuable resource that can help researchers improve measurements of stress 
in order to elucidate the relationship between stress and health across different contexts. 

Biological Data 
It is not yet clear how cohort effects influence biological markers; it is possible that these 
measures adjust for cohort effects or are unaffected by them. Studies that have collected 
biological specimens at different timepoints can be leveraged to validate biomarkers. For 
example, samples from participants of a certain age 20-30 years ago can be assessed and 
compared to participants of the same age today to evaluate measure bias. It is important to 
document the cohorts on which biological measures are trained to track the potential biases for 
these effects, and cohort-specific covariates may represent an opportunity to build adjustment 
tools for these measures. To some extent, any inference of normal aging that is obtained by 
comparing older and younger cohorts is contaminated by survival bias, although this bias is 
potentially addressed more easily than cohort effects that become physiologically embedded 
(e.g., experiences that alter DNA methylation). All biological measures have caveats, including 
those that are free of cohort effects that may be limited by other constraints inherent to how 
they were derived, as is the case with the temporal and geographical specificity of the 
DunedinPoAm. It is not always possible to develop or analyze biological measures in nationally 
representative or geographically broad studies, because some participants may be located 
farther from laboratory facilities. Other practical effects of time and place on biological 
measures stem from reagent availability, due in part to manufacturer discontinuation of 
important reagents during a longitudinal study. 

Adapting Studies During the COVID-19 Pandemic 
The COVID-19 pandemic presents many challenges for data collection and analysis in 
longitudinal studies. Dr. Neupert shared that approximately 25 percent of her current study 
sample was collected before the pandemic began, and therefore that subset of the overall 
study sample will have laboratory data that were unobtainable during the pandemic. Even 
when measures are aligned and target the same construct, in-person and virtual measures will 
likely have fundamental differences that may impact the data. In addition, Dr. Neupert’s pre-
pandemic dataset will also be more geographically restricted than the rest of the sample, and 
therefore coding data as pre- or post-pandemic will be confounded by location. Furthermore, 
not all changes in data patterns after the pandemic began will necessarily be attributable to the 
pandemic, because other major events also occurred in 2020 (e.g., large-scale protests in 
response to the death of George Floyd) that interrupted or disrupted many lives. For studies 

https://ourworldindata.org/
https://www.stressmeasurement.org/hrs-harmonization-project
https://www.stressmeasurement.org/hrs-harmonization-project
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that are presented with these challenges, the alignment of data with time and location of 
collection is imperative. 

Sessions 4: Opportunities for Coordination and Collaboration 

Breakout Room 1: Life Course Adversity and Mid-/Later-Life Health 
Participants in Breakout Room 1 were charged to discuss designing and implementing a multi-
cohort study of lifecourse adversity and mid- or later-life health, including potential 
considerations of sex, race, ethnicity, ancestry, and theoretical models. 

Participants discussed multiple considerations that would facilitate the design of a multi-cohort 
study of stress across the lifespan. First, it would be beneficial to collate broad domains of 
measures and assessments across studies (e.g., NIH Toolbox or PhenX Toolkit), which could be 
achieved at workshops in which researchers can convene to promote ideas to a larger group 
representing multiple unique datasets. Second, there is value in testing theoretical models that 
could be robust to differences in measurement or other study design variabilities. For example, 
various models of stress (e.g., ALM, BEM, and SM) can be tested to evaluate sensitive periods, 
cumulative stress, or moderators of stress across studies. Sample-specific indices (e.g., 
discrimination) can also be tested in a multi-cohort analysis. Third, multi-cohort studies can 
embrace heterogeneity with a meta-analytic approach in which each study contributes to an 
overall estimation of an effect and, if enough studies are in the sample, to identification of the 
variables that contribute to divergent effects. Fourth, given the fact that many longitudinal 
studies in mid- or late-life often have only retrospective assessments, multi-cohort studies 
represent an opportunity to merge datasets with prospective and retrospective assessments to 
better understand the unique and shared correlation across covariates. Fifth, multi-cohort 
studies are an opportunity to investigate cohort effects, stress associations, and outcomes at 
different ages to support a lifecourse perspective on stress. Sixth, multi-cohort analysis can 
assess shared and unique outcome associations across datasets both within and beyond the 
domain of stress. Finally, such multi-cohort studies will require support, which can include 
specific funding announcements to support secondary data analysis across studies or other 
awards that encourage collaboration. 

Breakout Room 2: Timescales, Time Periods, and Life Stages 
Participants in Breakout Room 2 were charged to discuss opportunities for collaboration among 
studies that collect data on similar constructs at different timescales (micro and macro), time 
periods, and/or life stages. 

Participants focused on potential collaborations for longitudinal studies centered on the year 
2020—primarily the COVID-19 pandemic—and their potential utility to illuminate the impacts 
of stress, trauma, and crisis. Because the pandemic has had global effects, there are 
opportunities to innovate study theory, design, and analysis in a collaborative manner that 
incorporates a high level of sample diversity and representativeness. Collaborative efforts to 
examine the impact of the pandemic may serve as an exemplar to address other events or 
times embedded within archival longitudinal datasets. These efforts would also highlight 

https://www.phenxtoolkit.org/
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dynamic period effects in the unfolding of pandemic-related experiences, such as the 
intersection of geography and time, as well as become a platform to examine between-group 
differences. Critical challenges to these collaborations include variability in coding measures, 
frequency of data collection, and difficulties in recruitment from areas that were affected most 
by the pandemic. Disparities in the response to COVID-19 will result in non-random data loss 
from regions with the highest death rates during the pandemic. To formulate a concrete plan 
for collaboration, participants assessed coverage in studies that were represented among this 
breakout group. This group plans to narrow down the potential questions that this 
collaboration could pursue and to invite others to participate in the collaboration, including 
researchers who could fill gaps in data and historians. The participants plan to begin work on 
joint publications that are focused on methodology with a combined COVID-19 dataset as an 
example, as well as work on analyses related to representativeness. This collaboration could 
inform future agile study designs for capturing data on an unfolding event and could also 
stimulate reexamination of longitudinal data that have been sampled over other time periods. 

Breakout Room 3: Open Science, Data Sharing, and Cross-Study Communication 
Participants in Breakout Room 3 were charged to discuss resources and infrastructure to 
facilitate greater use of deeply phenotyped studies for collaborative and/or harmonized 
analyses. 

Participants emphasized the importance of creating opportunities for early-career researchers. 
Large-scale analyses of longitudinal data are not always inviting opportunities for early-career 
researchers, because these analyses are time-consuming and the end result is not guaranteed 
to result in a first or senior author publication. Formal and informal networks and coordinated 
analysis workshops are valuable opportunities to engage early-career researchers in deeply 
phenotyped longitudinal studies and to promote collaborations. Another way to create 
opportunities for early-career researchers is to assign trainees to the same research questions 
across different datasets with the intent to facilitate harmonization, data ownership, and 
collaboration in a manner that would result in first authorship publications and advance their 
careers. Participants also discussed the need for funding opportunities to advance collaborative 
or harmonized analyses; these opportunities could leverage more heavily-resourced but related 
research areas (e.g., Alzheimer’s disease [AD]). Participants supported greater use of the tools 
that have been created by the open science movement that enable researchers to share data 
on personal or lab websites, or by using the Open Science Framework, which now has 
templates for the pre-registration of secondary analyses. Researchers can also create networks 
(e.g., Psychological Science Accelerator) that can serve as venues to propose coordinated 
analyses using deeply phenotyped longitudinal studies and forums for communication across 
studies. These networks should have the funding and infrastructure to function without 
overburdening early-career researchers in practical details that distract them from the 
research.  

Breakout Room 4: Accelerating Measurement of Biomarkers Over Time 
Participants in Breakout Room 4 were charged to discuss using longitudinal studies to 
determine which biological age measures change after an acute event or intervention. 

https://osf.io/
https://psyarxiv.com/hvfmr
https://psysciacc.org/
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In order to select measures of biological aging to analyze across cohorts, researchers must have 
knowledge of the biological samples that are available in different studies. A database that 
collects details on available biological samples, including sample handling and collection 
methods, would be valuable for this purpose. It would also be beneficial to hold workshops for 
training of early-career scientists with an emphasis on specific topics related to biological aging 
and outcomes (e.g., cognitive biomarkers and associated outcomes), as well as to orient 
researchers to any available databases. Shared resources could be implemented in coordination 
with the Biomarker Network. Researchers who conduct longitudinal studies also need to have a 
clearer understanding of best practices related to biomarker collection and assessment before 
they incorporate biomarkers into studies. Many gaps in knowledge related to biomarkers of 
aging still exist, including but not limited to sex differences in aging patterns over time, the 
impact of major life events and early-life adversity on trajectories or acute biomarker changes, 
and the ability to modify biomarkers through interventions. Long-term goals for the use of 
biomarkers in longitudinal studies of aging include: agreement on statistical models for analysis; 
agreement on recommended biomarkers, samples, and standardized tools; establishment of 
venues for collaboration; and training opportunities related to the application of biological 
measures and methods to longitudinal datasets. More immediate next steps for this area 
include the creation of a network for the use of biomarkers in deeply phenotyped longitudinal 
studies of aging, funding to support secondary data analyses, and publication of cohort reports 
that will allow researchers to share descriptions of their studies—including the biospecimens 
that they have collected—in a way that also results in a publication.  

Breakout Room 5: Preparing for Future Cross-Study Collaborations 
Participants in Breakout Room 5 were charged to discuss preparing studies for future cross-
study collaborations by identifying malleable targets, adding appropriate measures, and 
considering translational implications. 

The first critical step to preparing for future cross-study collaboration is for researchers to 
understand one another’s studies and determine a mutually beneficial subject for 
collaboration. These collaborations can begin with a research question based on previously 
collected measures for predictors and mechanisms in order to identify shared outcomes or 
potential retrospective assessments that could address unknown predictors or mechanisms. 
One challenge for collaboration is determining the degree to which studies will prioritize 
harmonization when adding measures. Although new toolkits are under development to 
support this harmonization (e.g., Mobile Toolbox; Stress Measurement Toolbox), more 
information must be made available to researchers to promote successful implementation of 
the measures. Fortunately, there are many opportunities for researchers to rely on one another 
to gain expertise and promote these collaborations. An important next step for all researchers 
who wish to prepare their studies for future collaborations is to contact colleagues who already 
have data about potential future measures that are relevant to cross-study examination of 
common questions. 

  

https://gero.usc.edu/cbph/network/
https://www.mobiletoolbox.org/
https://www.stressmeasurement.org/measurement-toolbox


Deeply Phenotyped Longitudinal Studies of Aging  February 25-26, 2021 

Appendix A: Meeting Agenda  21 

Appendix A: Meeting Agenda 
Workshop Chairs: Janine Simmons, MD, PhD and Lis Nielsen, PhD 

Steering Committee: Ryan Bogdan, PhD, Anna Marsland, PhD, and Stacey Scott, PhD 

NIA’s Division of Behavioral and Social Research (BSR) supports many deeply phenotyped, 
small- to mid-size longitudinal studies which, collectively, span the full life course. These studies 
collect rich data on behavioral and psychological processes, often incorporate qualitative 
experience sampling or daily diary protocols, and frequently include biomarker and 
neuroimaging assessments. This workshop builds on discussions at a recent NASEM meeting 
about the potential benefits of (and challenges to) increasing coordination and collaboration 
among these studies. Because multi-cohort projects inherently address the replication 
question, often allow findings to be extended to new contexts (different age group, different 
geographic location, etc.), and have greater potential to identify interesting moderators, this 
workshop aims to promote greater coordination among these existing longitudinal cohort 
projects and encourage collaboration toward multi-cohort data integration, construct 
harmonization, and collaborative publications.   

Day 1: February 25, 2021 

11:15 am Welcome and Workshop Goals – Lis Nielsen and Janine Simmons 

11:25 am Integrative Analysis of Longitudinal Studies on Aging: Benefits and Challenges of 
a Coordinated, Collaborative Approach – Scott M. Hofer 

Session 1: Infrastructure Needs to Promote Study Interaction and Data Access 
Chair: Ryan Bogdan 

This session features ongoing research from several BSR-funded studies to illustrate how 
integration and collaboration may foster advances in science and how challenges to 
collaboration may be confronted. Four speakers will introduce their studies, present on 
methodological considerations when integrating diverse phenotypes, and share preliminary 
emerging findings that might inform future collaborative projects. 

11:45 am Integrating Multiple Longitudinal Datasets to Maximize Robustness, Replicability, 
and Generalizability – Dan Mroczek 

12:00 pm How to Use Methods to Test Theoretical Ideas: Considering Timescales –  
Cindy S. Bergeman 

12:15 pm The Dual Impact of Early and Concurrent Life Stress on Diurnal Cortisol Patterns – 
Jeffry A. Simpson 

12:30 pm Black-White Racial Health Disparities in Inflammation and Physical Health: 
Cumulative Stress, Social Isolation, and Health Behaviors – Ryan Bogdan 

https://www.nia.nih.gov/research/dbsr/expert-meeting-harmonization-and-coordinated-analysis-behavioral-and-psychological
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12:40 pm Panel Discussion & Q/A 

1:30 pm Coffee/Lunch Break 

Session 2: Biological Markers of Aging 
Chair: Anna Marsland 

Converging evidence demonstrates that individuals differ in rate of biological aging, with 
psychosocial and environmental risk characteristics associating with biomarkers of accelerated 
aging that predict risk for multiple age-related diseases, cognitive decline, and all-cause 
mortality better than chronological age.  In this session, four speakers will present on different 
biological markers of aging, and there will be an opportunity to discuss the pros and cons of 
including these markers in our deeply phenotyped longitudinal studies.   

2:00 pm Biological Markers of Aging – Anna Marsland 

2:10 pm Quantification of Biological Aging for Population and Behavioral Sciences – 
Daniel W. Belsky 

2:25 pm The Damage Nexus: Telomeres, Senescence, and Inflammation – Judith E. Carroll 

2:40 pm DNA Methylation Biomarkers of Aging, Health, and Disease – Morgan Levine 

2:55 pm Mitochondrial Measures in Human Studies of Aging – Martin Picard 

3:10 pm Panel Discussion & Q/A 

4:00 pm Adjourn for Day 

Day 2: February 26, 2021 

11:00 am Opening Remarks and Reflections from Day One – Lis Nielsen and Janine 
Simmons 

11:10 am Selection of Breakout Room Preferences for Session 4 (Live Poll) 

Session 3: Considerations of Time, Lifecourse, and Place 
Chair: Stacey B. Scott 

Longitudinal studies involve repeatedly sampling individuals across time, often with an aim of 
understanding patterns of change which may represent development, aging, adaptation, 
fluctuation, stability, growth, or decline. The embedding of study design and data collection in 
the contexts of time, lifecourse, and place, however, has received relatively less attention 
despite long-known influences of, for example, age, period, and cohort effects on longitudinal 
findings. Indeed, in a single cohort or longitudinal study, it may not be possible to disentangle 
these influences; however, the wealth of small and large N studies, with common constructs, 
over different timescales, fielded across different decades, regions, and cohorts offers potential 
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to address these influences and uncover new theories of aging and health. This session will 
consist of four talks including a primer on age, period, and cohort effects, examples of these 
effects in large and small longitudinal studies, and discussion of challenges. 

11:40 am (Re)Considering the Roles of Time, LifeCourse, and Place in Aging Research – 
Stacey B. Scott 

11:50 am Period and Cohort Effects in Aging and the Life Course: Methods, Challenges, and 
Innovations – Yang Claire Yang 

12:05 pm Cohort Effects 1920-2020 and Their Implications for Measuring Biological Aging – 
Terrie E. Moffitt 

12:20 pm Age and Period Factors in Psychological and Social Experience – Andrew Steptoe 

12:35 pm Period Effects in Microlongitudinal Studies – Shevaun D. Neupert 

12:50 pm Panel Discussion & Q/A 

1:40 pm Break 

Session 4: Opportunities for Coordination and Collaboration 

1:55 pm Breakout Rooms for Hands-On Collaboration 

3:40 pm Break 

Session 5: Future Directions 

3:50 pm Reports from Breakouts and Discussion 

4:20 pm Wrap-Up and Next Steps 

4:30 pm Adjourn 
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Appendix B: Workshop Attendees 
Sumbleen Ali, University of Connecticut 
Toni Antonucci, University of Michigan 
Daniel Belsky, Columbia University 
Cindy Bergeman, University of Notre Dame 
Ryan Bogdan, Washington University in St. Louis 
Kyle Bourassa, Duke University 
Casey Brown, UC Berkeley 
Brittany Bugbee, University of Maryland (Woodlawn Project) 
Judith Carroll, UCLA 
Kuan-Hua Chen, UC Berkeley 
Chhanda Dutta, NIA 
Grant Edmonds, Oregon Research Institute 
Christopher Engeland, Pennsylvania State University 
Tammy English, Washington University in St. Louis 
Allison Farrell, Miami University 
Karen Fingerman, University of Texas (UT) Austin 
Megan Gilligan, Iowa State University 
Eileen Graham, Northwestern University 
Jennifer Graham-Engeland, Pennsylvania State University 
Kerry Green, University of Maryland 
Karra Harrington, Pennsylvania State University 
Albert Higgins-Chen, Yale University 
Scott Hofer, University of Victoria 
Chandra Keller, NIA 
Candance Kerr, NIA 
Yijung Kim, UT Austin 
Jonathan King, NIA 
Ronald Kohanski, NIA 
Morgan Levine, Yale University 
Robert Levenson, UC Berkeley 
Nathan Lewis, University of Victoria 
Yuan Luo, NIA 
Laura Major, NIA 
Anna Marsland, University of Pittsburgh 
Damali Martin, NIA 
Terrie Moffitt, Duke University 
Dan Mroczek, Northwestern University 
Elizabeth Necka, NIA 
Maggie Nellissery, NIA 
Niccole Nelson, University of Notre Dame 
Shevaun Neupert, NCSU 
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Mike Nevarez, Harvard Study of Adult Development 
Lis Nielsen, NIA 
Lisa Onken, NIA 
Sarah Paul, Washington University in St. Louis 
Martin Picard, Columbia University 
Nalini Raghavachari, NIA 
Rebecca Reed, University of Pittsburgh 
Kelly Rentscher, UCLA 
Irina Sazonova, NIA 
Marc Schulz, Bryn Mawr College 
Stacey Scott, Stony Brook University 
Janine Simmons, NIA 
Jeffry Simpson, University of Minnesota 
Emily Smith, NCSU 
Andrew Steptoe, University College London 
Luke Stoeckel, NIA 
J. Jill Suitor, Purdue University 
Matt Sutterer, NIA 
Jean Tiong-Koehler, NIA 
Caroline Trumpff, Columbia University 
Robert Waldinger, Harvard Medical School 
Reem Waziry, Columbia University 
Cathy Widom, City University of New York (CUNY) John Jay College 
Beth Wilmot, NIA 
Yang Claire Yang, UNC Chapel Hill 
Giovanna Zappala, NIA 
Ruixue Zhaoyang, Pennsylvania State University
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Appendix C: Breakout Session Participants 
Breakout Room 1: Life Course Adversity and Mid-/Later-Life Health 

Sumbleen Ali, University of Connecticut  
Ryan Bogdan, Washington University in St. Louis 
Kyle Bourassa, Duke University 
Allison K. Farrell, Miami University 
Jennifer Graham-Engeland, Pennsylvania State University 
Elizabeth Necka, NIA 
Sarah Paul, Washington University in St. Louis 
Marc Schulz, Bryn Mawr College 
Jeffry Simpson, University of Minnesota 
Cathy Widom, CUNY John Jay College 

Breakout Room 2: Timescales, Time Periods, and Life Stages 

Toni Antonucci, University of Michigan 
Cindy Bergeman, University of Notre Dame 
Tammy English, Washington University in St. Louis 
Karen Fingerman, UT Austin 
Megan Gilligan, Iowa State University  
Niccole Nelson, University of Notre Dame 
Shevaun Neupert, NCSU 
Stacey Scott, Stony Brook University 
Janine Simmons, NIA 
J. Jill Suitor, Purdue University 

Breakout Room 3: Open Science, Data Sharing, and Cross-Study Communication 

Eileen Graham, Northwestern University 
Nathan Lewis, University of Victoria 
Laura Major, NIA 
Dan Mroczek, Northwestern University 
Emily Smith, NCSU 
Luke Stoeckel, NIA 
Yang Claire Yang, UNC Chapel Hill 
Ruixue Zhaoyang, Pennsylvania State University 

Breakout Room 4: Accelerating Measurement of Biomarkers Over Time 

Daniel Belsky, Columbia University 
Casey Brown, UC Berkeley 
Judith Carroll, UCLA 
Grant Edmonds, Oregon Research Institute 
Christopher Engeland, Pennsylvania State University 
Albert Higgins-Chen, Yale University 
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Yijung Kim, UT Austin  
Jonathan King, NIA 
Morgan Levine, Yale University 
Anna Marsland, University of Pittsburgh 
Terrie Moffitt, Duke University 
Mike Nevarez, Harvard Study of Adult Development 
Martin Picard, Columbia University 
Rebecca Reed, University of Pittsburgh  
Kelly Rentscher, UCLA 
Caroline Trumpff, Columbia University 
Reem Waziry, Columbia University 

Breakout Room 5: Preparing for Future Cross-Study Collaborations 

Kuan-Hua Chen, UC Berkeley 
Kerry Green, University of Maryland 
Karra Harrington, Pennsylvania State University 
Lis Nielsen, NIA 
Robert Waldinger, Harvard Medical School
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Appendix D: Examples of Deeply-Phenotyped Studies  
 
Adult Health and Behavior Project (AHAB) 

Add Health 

Boston Early Adversity and Mortality Study (BEAMS) 

Child Health and Development Study-Disparities in Aging Study (DISPAR Aging) 

The Dunedin Study 

Effects of Stress on Cognitive Aging, Physiology, and Emotion (ESCAPE) 

Einstein Study of Aging 

English Longitudinal Study of Ageing 

Family Exchanges Study 

The Harvard Study of Adult Development 

The Health and Retirement Study 

Midlife in the US (MIDUS) 

Minnesota Longitudinal Study of Risk and Adaptation (MLSRA) 

National Health & Aging Trends Study (NHATS) 

National Health and Nutrition Examination Survey (NHANES) 

Notre Dame Study of Health and Well-Being 

Panel Study of Income Dynamics (PSID) 

Personality and Health – A Longitudinal Study 

St. Louis Personality & Aging Study (SPAN) 

Veterans Affairs Normative Aging Study 

The Whitehall Study 

Within-Family Differences Study 

The Woodlawn Study 

https://addhealth.cpc.unc.edu/
https://www.grantome.com/grant/NIH/RF1-AG064006-01
https://www.chdstudies.org/
https://moffittcaspi.trinity.duke.edu/research-topics/dunedin
https://healthyaging.psu.edu/research/research-projects/effects-stress-cognitive-aging-physiology-and-emotion-escape
https://einsteinmed.org/departments/neurology/clinical-research-program/eas/
https://www.elsa-project.ac.uk/
https://www.icpsr.umich.edu/web/NACDA/studies/37317
https://www.adultdevelopmentstudy.org/
https://hrs.isr.umich.edu/about
http://midus.wisc.edu/puboverview.php
https://innovation.umn.edu/parent-child/
https://nhats.org/
https://www.cdc.gov/nchs/nhanes/index.htm
https://adalab.nd.edu/studies/
https://psidonline.isr.umich.edu/
http://www.ori.org/research/detail/personality_and_health__a_longitudinal_study
https://sites.wustl.edu/spanlab/
https://www.vacsp.research.va.gov/CSPEC/Studies/INVESTD-R/CSP-710-VA-Normative-Aging-Study.asp
https://unhealthywork.org/classic-studies/the-whitehall-study/
https://web.ics.purdue.edu/%7Ejsuitor/within-family-differences-study/
https://sph.umd.edu/research-impact/laboratories-projects-and-programs/woodlawn-project
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