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use the drugs in age, sex, frailty, and other determinants of 
drug response. This will inform drug use that facilitates the 
fortitude factor in older adults.
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Frailty can be measured using a frailty index, which quan-
tifies the accumulation of health-related deficits. Frailty in-
creases the risk of adverse outcomes including hospitalization 
and mortality, but there are no validated frailty biomarkers 
and the underlying mechanisms of frailty remain unknown. 
Additionally, women are more frail than men at all ages, des-
pite having a lower risk of mortality, but sex differences in 
frailty are poorly understood. We have assessed health out-
comes, including frailty, in male and female C57BL/6 mice 
from middle age to natural death. We collected blood and 
stool samples at each timepoint, for untargeted plasma 
metabolomics, blood DNA methylation assessment and gut 
microbiome analysis. As in humans, female mice have higher 
frailty scores than males in middle-to-late life. Sex explains 
more variability than age or frailty in our DNA methylation 
data, and preliminary analysis identifies 100s of sex-specific 
differentially methylated regions with frailty. Metabolomics 
analysis identifies a set of 104 metabolites (enriched for amino 
acid and lipid pathways) associated with frailty, independent 
of sex and age. Additionally, we identify many sex-specific 
metabolomic markers for frailty, including creatine for fe-
males and FAD for males. Analysis of the microbiome data 
identifies microbes that are both positively and negatively as-
sociated with frailty across sexes including A. colihominis. 
Integrated analysis across data-types is ongoing. Overall, 
we see clear sex differences in the association of frailty with 
molecular outcomes in mice. Further investigation of these 
factors, and validation in human cohorts, will identify deter-
minants and biomarkers of frailty in both sexes.
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Chronic medication use is common in older men and 
women. Older people, particularly those with polypharmacy 
(use of 5 or more drugs) for multi-morbidity, are rarely in-
cluded in clinical trials to establish efficacy and safety of 
therapeutic drugs. Based on clinical observational studies, 
polypharmacy is associated with impaired physical function 
and exacerbates frailty in older adults, particularly women, 
who make up the majority of this age group. In addition, 
there is evidence that women are at greater risk of drug-
related harm than men. Preclinical models would be useful 
to screen for adverse geriatric outcomes and understand the 
impact of age, sex and frailty. This presentation will cover 
our advancements in the development and use of preclin-
ical models to understand the effects of polypharmacy on 
geriatric outcomes that are important contributors to the 

‘fortitude factor’ in both sexes and old age. We will present 
recent data from studies in our preclinical models that: (1) 
describe how chronic polypharmacy use impairs translatable 
functional outcomes in ageing; (2) demonstrate differences in 
outcome response for different sex, age and frailty.
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Designs of animal experiments to disentangle the hetero-
geneity associated with age, sex and frailty will be shared. 
These range from cross-sectional to longitudinal and cross-
over designs (where treatment may be started and stopped). 
Matching the analytic models to the design should be de-
termined a prior at the design stage. Considerations in lon-
gitudinal designs including within animal correlation across 
repeated measures. Hypotheses need to be written a priori 
clearly identifying the main effect and whether interactions 
between effects are potentially important, such as sex by 
frailty status. Batch effects of birth cohorts or caging may 
also need to be models as sources of variation to have the 
most accurate and precise effect estimates. Examples of such 
designs and analyses will be presented, as well as sample size 
considerations. Properly designed animal experiments area 
key element in translational gerontology and geroscience. 
Planning for the factors in animal experiments that are 
known or suspected risk factors for geriatric outcomes in hu-
mans allows for testing whether the animal model may ap-
propriately model the human conditions under study.
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Older adults are often considered as a single group with 
differences between women and men across age groups 
overlooked. Taking account of sex, age, and their intersec-
tion throughout the research process is crucial in minimizing 
inequities, and to improve the health and wellbeing of the 
aging population. Age and sex disaggregated data are data 
separated and analyzed by female, male and age categories, 
revealing important differences between the sexes and across 
the life course. This is often missing in research and can re-
sult in the oversimplification of study results. As men and 
women age, they can experience different health conditions, 
and levels of frailty, leading to the need for tailored treat-
ments. One illustration of this is exploring the burden of 
disease in Canada, where disaggregating data by sex and 
age makes key differences in many diseases impacting older 
adults visible, that may otherwise be missed (for example, 
heart disease and dementia). Age, sex, and frailty consider-
ations are important throughout the entire continuum of the 
research process, from question development to dissemin-
ation of results to ensure they are accounted for. This pres-
entation will explore why incorporating sex, age, frailty and 


