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Questions
▶ What are the causes of dementia?

▶ Mechanisms that contribute to ageing and the pathology of dementia
▶ Genetics
▶ Environmental and lifestyle
▶ Cardiometabolic factors
▶ Sex-specific factors

▶ How can we effectively utilise available resources to reduce dementia risk?
▶ Accessible measures of brain health that accurately predict dementia risk
▶ Developing prediction models across the lifecourse that quantify dementia risk which

are meaningful at an individual level
▶ Explore targeted interventions that improve brain health (and/or minimise rate of

decline) and delay the onset/progression of dementia
▶ How can we effectively engage the public in scientific research, so that they can

make informed decisions about their health
▶ Policy makers, health professionals, the community and those with lived experience

▶ Teaching
▶ Science communication



Background

Prince et al. (2015)



Background

Australians living with dementia between 2023 and 2058: estimated number by sex and year

Australian Institute of Health and Welfare,
https://www.aihw.gov.au/reports/dementia/dementia-in-aus/contents/population-health-impacts-of-dementia/prevalence-of-dementia

https://www.aihw.gov.au/reports/dementia/dementia-in-aus/contents/population-health-impacts-of-dementia/prevalence-of-dementia


Background

Leading underlying causes of death in Australia, by sex, 2021

Australian Institute of Health and Welfare, https://www.aihw.gov.au/reports/life-expectancy-deaths/deaths-in-australia/contents/summary

https://www.aihw.gov.au/reports/life-expectancy-deaths/deaths-in-australia/contents/summary


Background

▶ Life expectancy for Australian Women = 85.3 years, Men = 81.2 years (born in
2020 - 2022; Australian Bureau of Statistics)
▶ Consistent with global trends demonstrating women, on average, living longer (Global

Women = 75.9 years, Global Men = 70.8 years, born in 2019; World Health
Organization)

▶ Age-standardised global prevalence in females was 1.17 times (1.17–1.18) the
age-standardised prevalence in males in 2016 (Nichols et al., 2019)

https://www.abs.gov.au/statistics/people/population/life-expectancy/latest-release#cite-window1
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/life-expectancy-at-age-60-(years)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/life-expectancy-at-age-60-(years)


Background

▶ Whilst the frequency of APOE-ε3/ε4 genotype does not differ by sex, a
meta-analysis indicated that women with the APOE ε3/ε4 genotype had an
increased risk for Alzheimer’s disease compared with men between the ages of 65
and 75 years (Neu et al., 2017)

▶ Longitudinal study (mean follow up = 4 years) using Alzheimer’s Disease
Neuroimaging Initiative (ADNI) found that for those with mild cognitive
impairment (MCI), cognitive decline was faster in women than men (models
adjusted for age, APOE status, education, baseline MMSE) (Lin et al., 2015)



Background

▶ Brain charts for human lifespan
▶ Aggregated 123,984 MRI scans, across more than 100 primary studies, from 101,457

human participants between 115 days post-conception to 100 years of age (Bethlehem
et al., 2022)

Bethlehem et al. (2022)



Background

Bethlehem et al. (2022)



Background

Bethlehem et al. (2022)



Background
▶ UK Biobank (N = 19,793)
▶ A slight acceleration of hippocampal

volume loss around age 60–65 years for
females

▶ For both women and men, there was
an increase in rate of hippocampal
volume loss relative to the rest of the
grey matter from around ages 67 (for
women) and 63 (for men)

▶ Hippocampus may have particular
vulnerabilities to ageing, as effects not
detected in neighbouring brain areas,
including parahippocampal gyrus and
temporal gyrus

Nobis et al. (2019)



Background
▶ Evidence regarding sex differences for amyloid-β and tau burden is limited and

requires further replication (Ferretti et al., 2018)
▶ Often statistical models adjust for sex and do not conduct sensitivity analyses that

stratifies analyses by sex or investigate potential sex interactions (Beery & Zucker,
2011; McCarthy et al., 2012)
▶ Example: Meta-analysis of sex differences in contribution to brain reserve (consisting

of IQ, education, occupation, cognitive activity, multilingualism, socioeconomic status,
physical activity, social support or marital status) identified 16 studies that included
an analysis of sex (Subramaniapillai et al., 2021)

Jack et al. (2010)



Possible reasons for sex differences

▶ Historical inequities, resulting in disproportionate access to education and
occupational opportunities contributing to brain reserve

▶ Potential selective survival bias of men >65 years with a healthier cardiovascular
profile and therefore, less likely to develop AD

▶ Interactive effects between sex/sex-specific factors and genes
▶ Unique neuroendocrine processes in women, including menarche, menstruation,

pregnancy and menopause



Menopause

▶ Menopause comes from the Greek words meno, which means month and pause
which means stop, thus indicating the end of monthly cycles or menstruation.

▶ Historically understudied in the context of ageing. Over a period of 23 years (1995
to 2017), peer reviewed neuroimaging articles which focused on menopause
accounted for approximately 2% of ageing literature (Taylor et al., 2019)

▶ The average age of menopause lies between 46 and 52 years of age (mean = 48.78,
standard deviation = 1.45)(Schoenaker et al., 2014).
▶ Given that the average life expectancy of women in developed countries lies around 81

years (Murray et al., 2015), women will, on average, spend almost 40% of their lives
in a postmenopausal state.



Menopause

Ambikairajah et al. (2022); Harlow et al. (2012)



Menopause and brain

▶ Biological/physiological changes around menopause
▶ Cardiometabolic factors

▶ Menopause vs ageing



Fat mass changes around menopause

Ambikairajah, Walsh, Tabatabaei-Jafari, et al. (2019)



Fat mass changes around menopause

▶ Fat mass significantly increased between premenopause and postmenopause women
▶ Ageing significantly accounted for unexplained variance in fat mass
▶ Longitudinal trajectories for changes in women in SR matched typical trends for fat

mass increases in women aged 18-45 i.e. no detectable effect of menopause on rate of
change

▶ No interaction (fat mass ~ age * menopausal status)
▶ Change in fat mass distribution, with increasing central fat and decreases in leg fat

▶ Hormonal shifts around menopause (i.e. higher testosterone to estrogen ratio) may
have contributed to enhanced central fat deposition

▶ Subgroup analyses based on hormone replacement therapy (HRT) use
▶ When we included women using HRT there was a significant increase in body fat

percentage and a significant decrease in trunk fat percentage, which suggested a
possible protective role of HRT in preventing/reducing trunk fat deposition, although,
not in preventing overall fat mass gain. Consistent with a previous meta-analysis of 8
randomised control trials, which found that postmenopausal women using HRT had less
WC and TF% compared to placebo (Salpeter et al., 2006).



Lipid changes around menopause

Ambikairajah, Walsh, & Cherbuin (2019)



Lipid changes around menopause

▶ Age explained some, but not all of the differences in lipid levels between
premenopausal and postmenopausal women (R2 = 9.71% to 40.08%)

▶ Sensitivity analyses of studies with a mean age difference of 5 years or less between
premenopausal and postmenopausal women revealed no significant difference in the
magnitude, direction or significance of effects compared to initial estimates for
HDL, LDL, and total cholesterol.
▶ May suggest an effect of menopause, but could also be other factors including group

differences given insufficient longitudinal studies were available for meta-analysis.



Cardiometabolic factors and brain health

Ambikairajah et al. (2020)



Cardiometabolic factors and brain health

▶ Individuals with chronic overweight/obesity had significantly lower hippocampal
volumes (WC: 1.13%; WTHR: 0.79% and BMI: 0.49%) when compared with those
who maintained a normal level of fat mass (i.e. WC: < 80 cm in women and < 94
cm in men; WTHR: < 0.85 in women and < 0.90 in men and BMI: < 25 kg/m2 in
women and men) at baseline and follow up (average follow up = 7.66 years)

▶ Individuals who were within a normal range of fat mass at follow up assessment, yet
were previously classified as having overweight/obesity at baseline had lower
hippocampal volumes than those who maintained fat mass within the normal range
across assessments (WC: 0.73%; WTHR: 0.55% and BMI: 0.48%)

▶ The detrimental effects of overweight/obesity may extend beyond the duration of
overweight/obesity itself, emphasising the importance of maintaining normal weight
for brain health.
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Cardiometabolic factors and brain health

▶ Largest magnitude of effect was consistently observed for WC, likely because of its
correlation with visceral fat

▶ Subgroup analysis in women consistently revealed lower hippocampal volumes for
OS, ON, and NO compared to NS group for WC. However, results were not
consistent across WTHR and BMI.
▶ Possibly demonstrates the utility of WC to measure visceral fat
▶ May reflect changes after menopause (Ambikairajah, Walsh, Tabatabaei-Jafari, et al.,

2019)



Cardiometabolic factors and brain health

Schindler et al. (2023)



Cardiometabolic factors and brain health

▶ Postmenopausal women had a poorer cardiometabolic profile compared with
premenopausal women, beyond the effects of age

▶ Poorer cardiometabolic health, as indicated by higher baseline levels of blood lipids,
blood pressure, long term blood glucose, as well as longitudinal changes in BMI and
WHR, were associated with larger white matter hyperintensities



Menopause and brain health

Ambikairajah et al. (2021)



Menopause and brain health

▶ Postmenopausal women experienced 0.23% greater reduction in total brain volume
than premenopausal women for every 1 year increase in age. This interactive effect
was not detected for the hippocampus.

▶ For postmenopausal women, every 1 year delay in age of menopause after 45 was
associated with 0.32% smaller total brain volume and 0.31% smaller hippocampal
brain volume.

▶ In the UK Biobank sample, postmenopausal women had 1.06% larger total brain
volume and 2.17% larger hippocampal volume than premenopausal women. This
effect was consistent across all analyses (multiple regression models, which
controlled for age; propensity matching analysis which exact matched for age;
age-restricted analyses between 45-55 years)
▶ Between and within group variability



HRT, APOE, Age and Brain

Ambikairajah et al. (2024)



HRT, APOE, Age and Brain

Yaffe et al. (2000)



HRT, APOE, Age and Brain

Saleh et al. (2023)



HRT, APOE, Age and Brain

Kang & Grodstein (2012)



HRT, APOE, Age and Brain

Yaffe et al. (2000)



HRT, APOE, Age and Brain

Saleh et al. (2023)



HRT, APOE, Age and Brain

Saleh et al. (2023)



HRT, APOE, Age and Brain

Kang & Grodstein (2012)



Science communication matters

https://www.bbc.com/news/health-64276452

https://www.sciencedaily.com/search/?keyword=hrt#gsc.tab=0&gsc.q
=hrt&gsc.page=1

https://www.bbc.com/news/health-64276452
https://www.sciencedaily.com/search/?keyword=hrt#gsc.tab=0&gsc.q=hrt&gsc.page=1
https://www.sciencedaily.com/search/?keyword=hrt#gsc.tab=0&gsc.q=hrt&gsc.page=1


Science communication matters

https://www.youtube.com/watch?v=DtShNpdXmXk

https://www.australianageingagenda.com.au/noticeboard/uc-launches-
ageing-research-centre/

https://www.youtube.com/watch?v=DtShNpdXmXk
https://www.australianageingagenda.com.au/noticeboard/uc-launches-ageing-research-centre/
https://www.australianageingagenda.com.au/noticeboard/uc-launches-ageing-research-centre/


Science communication matters

▶ 55 Episodes
▶ Over 7000 plays
▶ Available on several podcasting

platforms, including Spotify and Apple
Podcasts

https://open.spotify.com/show/4SwmOkuSjlXLTzfMkjcPRh?si=7e73f8ef5f404402&nd=1&dlsi=60fb815fd37745fe
https://podcasts.apple.com/us/podcast/midnight-conversations/id1466395104
https://podcasts.apple.com/us/podcast/midnight-conversations/id1466395104


Quantifying the contributions to brain ageing

Livingston et al. (2017)

Livingston et al. (2020)



Much more work to do

Anatürk et al. (2023)



Questions
▶ What are the causes of dementia?

▶ Mechanisms that contribute to ageing and the pathology of dementia
▶ Genetics
▶ Environmental and lifestyle
▶ Cardiometabolic factors
▶ Sex-specific factors

▶ How can we effectively utilise available resources to reduce dementia risk?
▶ Accessible measures of brain health that accurately predict dementia risk
▶ Developing prediction models across the lifecourse that quantify dementia risk which

are meaningful at an individual level
▶ Explore targeted interventions that improve brain health (and/or minimise rate of

decline) and delay the onset/progression of dementia
▶ How can we effectively engage the public in scientific research, so that they can

make informed decisions about their health
▶ Policy makers, health professionals, the community and those with lived experience

▶ Teaching
▶ Science communication



References I
Ambikairajah, A., Khondoker, M., Morris, E., de Lange, A.-M. G., Saleh, R. N. M., Minihane, A. M., & Hornberger, M. (2024). Investigating the

synergistic effects of hormone replacement therapy, apolipoprotein E and age on brain health in the UK Biobank. Human Brain Mapping, 45(2),
e26612. https://doi.org/10.1002/hbm.26612

Ambikairajah, A., Tabatabaei-Jafari, H., Hornberger, M., & Cherbuin, N. (2021). Age, menstruation history, and the brain. Menopause, 28(2),
167–174. https://doi.org/ghtfz7

Ambikairajah, A., Tabatabaei-Jafari, H., Walsh, E., Hornberger, M., & Cherbuin, N. (2020). Longitudinal Changes in Fat Mass and the Hippocampus.
Obesity, 28(7), 1263–1269. https://doi.org/ggwqg5

Ambikairajah, A., Walsh, E., & Cherbuin, N. (2019). Lipid profile differences during menopause: A review with meta-analysis. Menopause, 1.
https://doi.org/gf8kmj

Ambikairajah, A., Walsh, E., & Cherbuin, N. (2022). A review of menopause nomenclature. Reproductive Health, 19(1), 29.
https://doi.org/10.1186/s12978-022-01336-7

Ambikairajah, A., Walsh, E., Tabatabaei-Jafari, H., & Cherbuin, N. (2019). Fat mass changes during menopause: A metaanalysis. American Journal of
Obstetrics and Gynecology, 221(5), 393–409.e50. https://doi.org/gf39q6

Anatürk, M., Patel, R., Ebmeier, K. P., Georgiopoulos, G., Newby, D., Topiwala, A., Lange, A.-M. G. de, Cole, J. H., Jansen, M. G., Singh-Manoux, A.,
Kivimäki, M., & Suri, S. (2023). Development and validation of a dementia risk score in the UK Biobank and Whitehall II cohorts. BMJ Ment
Health, 26(1). https://doi.org/10.1136/bmjment-2023-300719

Barnes, J., Bartlett, J. W., van de Pol, L. A., Loy, C. T., Scahill, R. I., Frost, C., Thompson, P., & Fox, N. C. (2009). A meta-analysis of hippocampal
atrophy rates in Alzheimer’s disease. Neurobiology of Aging, 30(11), 1711–1723. https://doi.org/d27psh

Beery, A. K., & Zucker, I. (2011). Sex bias in neuroscience and biomedical research. Neuroscience & Biobehavioral Reviews, 35(3), 565–572.
https://doi.org/ff34pz

Bethlehem, R. a. I., Seidlitz, J., White, S. R., Vogel, J. W., Anderson, K. M., Adamson, C., Adler, S., Alexopoulos, G. S., Anagnostou, E.,
Areces-Gonzalez, A., Astle, D. E., Auyeung, B., Ayub, M., Bae, J., Ball, G., Baron-Cohen, S., Beare, R., Bedford, S. A., Benegal, V., . . .
Alexander-Bloch, A. F. (2022). Brain charts for the human lifespan. Nature, 604(7906), 525–533. https://doi.org/10.1038/s41586-022-04554-y

Ferretti, M. T., Iulita, M. F., Cavedo, E., Chiesa, P. A., Dimech, A. S., Chadha, A. S., Baracchi, F., Girouard, H., Misoch, S., Giacobini, E., Depypere,
H., & Hampel, H. (2018). Sex differences in Alzheimer disease — the gateway to precision medicine. Nature Reviews. Neurology; London, 14(8),
457–469. https://doi.org/gd2k4h

Fraser, M. A., Shaw, M. E., & Cherbuin, N. (2015). A systematic review and meta-analysis of longitudinal hippocampal atrophy in healthy human
ageing. NeuroImage, 112, 364–374. https://doi.org/10.1016/j.neuroimage.2015.03.035

Harlow, S. D., Gass, M., Hall, J. E., Lobo, R., Maki, P., Rebar, R. W., Sherman, S., Sluss, P. M., de Villiers, T. J., & for the STRAW + 10
Collaborative Group. (2012). Executive Summary of the Stages of Reproductive Aging Workshop + 10: Addressing the Unfinished Agenda of
Staging Reproductive Aging. The Journal of Clinical Endocrinology & Metabolism, 97(4), 1159–1168. https://doi.org/2016092613074600892

https://doi.org/10.1002/hbm.26612
https://doi.org/ghtfz7
https://doi.org/ggwqg5
https://doi.org/gf8kmj
https://doi.org/10.1186/s12978-022-01336-7
https://doi.org/gf39q6
https://doi.org/10.1136/bmjment-2023-300719
https://doi.org/d27psh
https://doi.org/ff34pz
https://doi.org/10.1038/s41586-022-04554-y
https://doi.org/gd2k4h
https://doi.org/10.1016/j.neuroimage.2015.03.035
https://doi.org/2016092613074600892


References II
Jack, C. R., Knopman, D. S., Jagust, W. J., Shaw, L. M., Aisen, P. S., Weiner, M. W., Petersen, R. C., & Trojanowski, J. Q. (2010). Hypothetical

model of dynamic biomarkers of the Alzheimer’s pathological cascade. The Lancet Neurology, 9(1), 119–128.
https://doi.org/10.1016/S1474-4422(09)70299-6

Kang, J. H., & Grodstein, F. (2012). Postmenopausal hormone therapy, timing of initiation, APOE and cognitive decline. Neurobiology of Aging, 33(7),
1129–1137. https://doi.org/10.1016/j.neurobiolaging.2010.10.007

Lin, K. A., Choudhury, K. R., Rathakrishnan, B. G., Marks, D. M., Petrella, J. R., & Doraiswamy, P. M. (2015). Marked gender differences in
progression of mild cognitive impairment over 8 years. Alzheimer’s & Dementia: Translational Research & Clinical Interventions, 1(2), 103–110.
https://doi.org/gg6c6g

Livingston, G., Huntley, J., Sommerlad, A., Ames, D., Ballard, C., Banerjee, S., Brayne, C., Burns, A., Cohen-Mansfield, J., Cooper, C., Costafreda, S.
G., Dias, A., Fox, N., Gitlin, L. N., Howard, R., Kales, H. C., Kivimäki, M., Larson, E. B., Ogunniyi, A., . . . Mukadam, N. (2020). Dementia
prevention, intervention, and care: 2020 report of the Lancet Commission. The Lancet, 396(10248), 413–446. https://doi.org/d5g5

Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S. G., Huntley, J., Ames, D., Ballard, C., Banerjee, S., Burns, A., Cohen-Mansfield, J., Cooper,
C., Fox, N., Gitlin, L. N., Howard, R., Kales, H. C., Larson, E. B., Ritchie, K., Rockwood, K., Sampson, E. L., . . . Mukadam, N. (2017).
Dementia prevention, intervention, and care. The Lancet, 390(10113), 2673–2734. https://doi.org/gcpbzc

McCarthy, M. M., Arnold, A. P., Ball, G. F., Blaustein, J. D., & Vries, G. J. D. (2012). Sex Differences in the Brain: The Not So Inconvenient Truth.
Journal of Neuroscience, 32(7), 2241–2247. https://doi.org/gg2hds

Murray, C. J., Barber, R. M., & Foreman, K. J. (2015). Global, regional, and national disability-adjusted life years (DALYs) for 306 diseases and injuries
and healthy life expectancy (HALE) for 188 countries, 1990–2013: Quantifying the epidemiological transition. The Lancet, 386, 2145–2191.
https://doi.org/f3m494

Neu, S. C., Pa, J., Kukull, W., Beekly, D., Kuzma, A., Gangadharan, P., Wang, L.-S., Romero, K., Arneric, S. P., Redolfi, A., Orlandi, D., Frisoni, G.
B., Au, R., Devine, S., Auerbach, S., Espinosa, A., Boada, M., Ruiz, A., Johnson, S. C., . . . Toga, A. W. (2017). Apolipoprotein E Genotype and
Sex Risk Factors for Alzheimer Disease: A Meta-analysis. JAMA Neurology, 74(10), 1178–1189. https://doi.org/gghdws

Nichols, E., Szoeke, C. E. I., Vollset, S. E., Abbasi, N., Abd-Allah, F., Abdela, J., Aichour, M. T. E., Akinyemi, R. O., Alahdab, F., Asgedom, S. W.,
Awasthi, A., Barker-Collo, S. L., Baune, B. T., Béjot, Y., Belachew, A. B., Bennett, D. A., Biadgo, B., Bijani, A., Bin Sayeed, M. S., . . . Murray,
C. J. L. (2019). Global, regional, and national burden of Alzheimer’s disease and other dementias, 1990–2016: A systematic analysis for the
Global Burden of Disease Study 2016. The Lancet Neurology, 18(1), 88–106. https://doi.org/gf6rvx

Nobis, L., Manohar, S. G., Smith, S. M., Alfaro-Almagro, F., Jenkinson, M., Mackay, C. E., & Husain, M. (2019). Hippocampal volume across age:
Nomograms derived from over 19,700 people in UK Biobank. NeuroImage: Clinical, 23, 101904. https://doi.org/ggjw86

Prince, M. J., Wimo, A., Guerchet, M. M., Ali, G. C., Wu, Y.-T., & Prina, M. (2015). World Alzheimer Report 2015-The Global Impact of Dementia:
An analysis of prevalence, incidence, cost and trends.

https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.1016/j.neurobiolaging.2010.10.007
https://doi.org/gg6c6g
https://doi.org/d5g5
https://doi.org/gcpbzc
https://doi.org/gg2hds
https://doi.org/f3m494
https://doi.org/gghdws
https://doi.org/gf6rvx
https://doi.org/ggjw86


References III

Saleh, R. N. M., Hornberger, M., Ritchie, C. W., & Minihane, A. M. (2023). Hormone replacement therapy is associated with improved cognition and
larger brain volumes in at-risk APOE4 women: Results from the European Prevention of Alzheimer’s Disease (EPAD) cohort. Alzheimer’s
Research & Therapy, 15(1), 10. https://doi.org/10.1186/s13195-022-01121-5

Salpeter, S. R., Walsh, J. M. E., Ormiston, T. M., Greyber, E., Buckley, N. S., & Salpeter, E. E. (2006). Meta-analysis: Effect of hormone-replacement
therapy on components of the metabolic syndrome in postmenopausal women. Diabetes, Obesity and Metabolism, 8(5), 538–554.
https://doi.org/cvv9nk

Schindler, L. S., Subramaniapillai, S., Ambikairajah, A., Barth, C., Crestol, A., Voldsbekk, I., Beck, D., Gurholt, T. P., Topiwala, A., Suri, S., Ebmeier,
K. P., Andreassen, O. A., Draganski, B., Westlye, L. T., & de Lange, A.-M. G. (2023). Cardiometabolic health across menopausal years is linked
to white matter hyperintensities up to a decade later. Frontiers in Global Women’s Health, 4.

Schoenaker, D. A., Jackson, C. A., Rowlands, J. V., & Mishra, G. D. (2014). Socioeconomic position, lifestyle factors and age at natural menopause: A
systematic review and meta-analyses of studies across six continents. International Journal of Epidemiology, 43(5), 1542–1562.
https://doi.org/f6nw9d

Subramaniapillai, S., Almey, A., Natasha Rajah, M., & Einstein, G. (2021). Sex and gender differences in cognitive and brain reserve: Implications for
Alzheimer’s disease in women. Frontiers in Neuroendocrinology, 60, 100879. https://doi.org/10.1016/j.yfrne.2020.100879

Taylor, R., Wark, H., Leyden, J., Simpson, B., McGoldrick, J., Hadzi-Pavlovic, D., Han, H. K., Nikolin, S., Martin, D., & Loo, C. (2019). Effects of the
Anaesthetic-ECT Time Interval and Ventilation Rate on Seizure Quality in Electroconvulsive Therapy: A Prospective Randomised Trial. Brain
Stimulation. https://doi.org/ggfr6t

Yaffe, K., Haan, M., Byers, A., Tangen, C., & Kuller, L. (2000). Estrogen use, APOE, and cognitive decline: Evidence of gene–environment interaction.
Neurology, 54(10), 1949–1954. https://doi.org/10.1212/WNL.54.10.1949

https://doi.org/10.1186/s13195-022-01121-5
https://doi.org/cvv9nk
https://doi.org/f6nw9d
https://doi.org/10.1016/j.yfrne.2020.100879
https://doi.org/ggfr6t
https://doi.org/10.1212/WNL.54.10.1949

