
The webinar, “Age of menopause and its relation to frailty and biological age in the CLSA 
comprehensive cohort” will begin shortly.  
 
For first-time WebEx users: 
 

• Follow the instructions that appear on your screen and choose your audio preference (VoIP, or 
computer). To change your audio settings at any point during the webinar, select Audio>Audio 
Conference from the main toolbar. 
 

• The only people in the session who can speak and be heard are the host and panelists. 
 

• If you have questions/comments, you can type them into the chat box in the bottom right of the WebEx 
window. Ensure “All Presenters” is selected from the dropdown menu before you press “send.” Mobile 
users must select “Chat with Everyone.” Questions will be visible to all attendees.   
 

• You can type your questions at any point during the session, but they won’t be answered until the end of 
the presentation. 
 

• At the conclusion of the webinar, please remember to exit the WebEx session. 
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We are getting 
older 



The cost of 
aging…  
..is no surprise 

Healthcare spending by age 

Health Canada 

%GDP spent on health care and retirement 

Statistics Canada 

European Respiratory Journal 2014 44: 1332-1352 

Chronic conditions 
What do we 
do about it? 



A focus on 
healthy aging 

Need to embrace strategies that 
prevent or mitigate the root cause of 
age-related decline (unhealthy aging)  

Healthy aging 
Maintaining good…. 

Physical health 
Mental health 
Social health  
Quality of life 
Independence 

… as we age 

Healthy aging 
maintaining good health as 

we age 



co-morbidities 

A focus on 
healthy aging 

Loss of 
Independence Aging 

Mortality 

Frailty 



Frailty in older 
adults 

“Frailty is a clinical state in which there is an increase in an individual's 
vulnerability for developing increased dependency and/or mortality when 
exposed to a stressor”  

– Morley et al., 2013: JAMDA 

Ferrucci et al., 2002: J End Invest 



How do we 
measure 
frailty? 

Fried’s phenotype model 
(Fried et al., 2001: J Ger Med Sci) 
 

Exhaustion 

Weakness 

Weight loss 

Slowness 

Low physical 
activity 

Robust (0) 

Pre-frail (1,2) 

Frail (3+) 

DEFICITS 

Rockwood’s frailty index 
(Searle et al., 2008: BMC Geriatrics) 
 

Diseases 

Physical 
activity 

Depression 

Satisfaction 
with life 

Social 
support 

Biomarkers 

Perceptions 
of health 

Frailty index 



Why measure 
frailty? 

Determinants? 



A major 
determinant of 
frailty: Sex! 

Collard et al., 2012: JAGS 

“Meta-analysis of the data confirmed that, in every age group, females 
had higher Frailty Index scores than males. All studies found that females 

tolerated this frailty better, as demonstrated by a lower mortality rate at 
any given level of frailty or age. Overall, this systematic review established 
that sex differences in the FI demonstrate the well-known male-female 

health-survival paradox.” 
Gordon et al., 2017: Exp. Geron. 



The 
mechanism(s) 
of enhanced 
frailty in 
women? 

Menopause 

Hormone changes over the lifespan 

50 ± 4.9 years  

Age at menopause in Canadian women 



Loss of female 
sex hormones 
and its 
pathological 
consequences 

JAMA Cardiol. 2016;1(7):767-776. 

MP<45  
vs.  

MP≥45 



Loss of female 
sex hormones 
and its 
pathological 
consequences 

Nguyen et al., 2011: Vaccine 

Vaccine response 

Goldfarb and Pugh, 1990: Cancer Res. 

Tumour burden 

Nothing 
on frailty 
though 

Benedusi et al., 2015: Oncotarget 

Lifespan 

Benedusi et al., 2015: Oncotarget 

Lifespan 



Research 
question and 
hypothesis 

Primary research question 

What is the relationship between natural or surgically-induced 
menopause and frailty? 

 

Hypothesis 

Early age of menopause or having had a hysterectomy will be 
associated with higher levels of frailty later in life for community-

dwelling older women. 

Menopause ≤45  

Hysterectomy 

Menopause >45 



Methods 
Study Design 

 Cross-sectional analysis of the Canadian Longitudinal 
Study on Aging Comprehensive Baseline Dataset 
version 3.0 

 30,097 community-dwelling adults aged 45-85 (15,320 
women) 

 
 
 
 



Methods 
Exclusion 
criteria and 
Menopause 
classification 



Methods 
Frailty 
measures 

 Fried’s frailty phenotype (Healthy, Pre-frail, Frail) 

 Frailty Index 
 93 component index spanning chronic diseases, functional status, 

activities of daily living, depression, satisfaction with life, nutritional 
risk, physical activity, and perceived health. 

Healthy 

Pre-frail 

Frail 
0.101 ± 0.069 (min/max = 0/0.53) 



Methods 
Statistical 
analysis and 
Covariates 

 Statistical analysis 
 Menopause related variable classification 

 Continuous: Age at menopause (30-62) 
 Categorical: Premature (30-39), early (40-45), normal (46-54), late (55-

62), hysterectomy 

 Association analysis 
 Binomial logistic regression (Fried: Frail vs. Healthy/Pre-frail) 
 Linear regression (Frailty index) 

 Covariates 
 Age 
 Marital status (5 levels) 
 Ethnicity (7 levels) 
 Co-residence (yes/no) 
 Smoking (3 levels) 
 Alcohol consumption (8 levels) 
 Annual income (5 levels) 

 
 Education (4 levels) 
 Social support (MOS social 

support survey, 0-5) 
 HRT use ever (yes/no) 



Results 
Frailty by 
menopause 
classification 

Frailty index 

Fried’s model 



Results 
Frailty by 
menopause 
classification 

Frailty Index 
[β (95% CI)] 

Fried - Healthy/Pre-frail vs. Frail 
[OR (95% CI)] 

Unadjusted Adjusted Unadjusted Adjusted 

Menopause 
classification 

Normal 
(46-54 yrs) Ref Ref Ref Ref 

Premature 
(30-40 yrs) 

0.038 
(0.029 to 0.046) *** 0.024 

(0.015 to 0.034) *** 1.17 
(0.7 to 1.95) 

1.45 
(0.75 to 2.81) 

Early 
(41-45 yrs) 

0.012 
(0.008 to 0.017) *** 0.008 

(0.002 to 0.013) ** 1.22 
(0.94 to 1.6) 

1.04 
(0.71 to 1.53) 

Late  
(55+ yrs) 

0.003 
(-0.002 to 0.008) 

-0.004 
(-0.01 to 0.001) 

1.04 
(0.78 to 1.38) 

0.78 
(0.51 to 1.19) 

Hysterectomy 0.029 
(0.025 to 0.032) *** 0.021 

(0.017 to 0.025) *** 1.76 
(1.44 to 2.14) *** 1.48 

(1.11 to 1.99) ** 

• Associations with the frailty index and Fried’s frailty estimated by linear and binomial logistic regression, 
respectively. Adjusted models included age, marital status, ethnicity, co-residence, smoking, alcohol 
consumption, annual income, education, social support and HRT use ever. 

• Regression coefficient (β) and Odds ratio (OR), and respective 95% confidence intervals (CI) presented. 



Results 
Frailty index 
and age at 
menopause 

Frailty decreases ~7.5% of the mean per 5-years 
difference in age at menopause 



Results 
Frailty index 
and HRT use 

Frailty Index 
[β (95% CI)] 

Fried - Healthy/Pre-frail vs. Frail 
[OR (95% CI)] 

Unadjusted Adjusted Unadjusted Adjusted 

HRT use  Yes (Ref=No) 0.011 
(0.008 to 0.014) *** 0.005 

(0.002 to 0.009) ** 1.17 
(0.99 to 1.38) 

1.17 
(0.91 to 1.5)   

Length of HRT 
use (years)  

0.0012 
(0.0009 to 0.0014) *** 0.0002 

(-0.0002 to 0.0005) 
1.03 

(1.02 to 1.04) *** 0.99 
(0.97 to 1.01)   

Age at HRT 
onset (years)  

-0.0013 
(-0.0016 to -0.00099) *** -0.0004 

(-0.0008 to 0.00005) 
0.98 

(0.97 to 1) * 1.01 
(0.98 to 1.04)   

Type of HRT 
used  

Combined 
(Est+Prog) Ref Ref Ref Ref   

Estrogen 
alone 

0.016 
(0.011 to 0.021) *** 0.003 

(-0.003 to 0.009) 
1.29 

(0.98 to 1.71) 
1.04 

(0.68 to 1.58)   

Progesterone 
alone 

-0.001 
(-0.011 to 0.01) 

-0.002 
(-0.015 to 0.01) 

0.78 
(0.39 to 1.58) 

0.6 
(0.2 to 1.81)   

Estrogen Gel -0.01 
(-0.018 to -0.001) * -0.007 

(-0.017 to 0.003) 
0.67 

(0.38 to 1.2) 
1 

(0.44 to 2.27)   

IUD with 
Progesterone 

-0.015 
(-0.043 to 0.012) 

-0.006 
(-0.04 to 0.028) na na   



Summary 

 Frailty was significantly higher in women that reported 
having had a hysterectomy, or reached menopause 
earlier than 46. 

 Frailty is ~7.5% lower with every five years of age at 
natural menopause   

 Few associations with HRT-related variables were 
observed, but there are latent complexities inherent to 
these variables that may be confounding the analyses. 



Healthy aging 
or accelerated 
aging? 

Ferrucci et al., 2002: J End Invest 



Biological age 

Yoo et al., 2017: BMC Geriatrics 

17-year survival 

Accelerated aging = Biological age – Chronological age 

An estimate of someone’s age that is based on biological 
factors (ie. biomarkers) that change with age 



Biological age: 
how it is 
measured 
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Biological 
aging and age 
at menopause 

Accelerated aging ≈ Frailty 

≈  
Accelerated  

Aging 
Early menopause/ 

Hysterectomy  

Accelerated  
Aging 

Early menopause/ 
Hysterectomy  Frailty 



Methods 

 Cross-sectional analysis of the Canadian Longitudinal Study on Aging 
Comprehensive Baseline Dataset version 3.0 

 Identical exclusion and classification criteria as previous 

 

 Biological age was estimated using the equation developed by Klemera 
and Doubal (Mech Ageing Dev. 2006 Mar;127(3):240-8), training on a 
random sample of 80% of the dataset 

 Accelerated aging defined as ΔBA, the difference between biological 
age and chronological age 

 Biomarkers (27 in total) 
 Hematology - complete blood counts (WBC diff., RBCs, platelets, etc.) 
 Physiological - blood pressure, pulse, spirometry, lean mass 
 Performance – physical function tests (gait speed, TUG, grip strength, etc.) 
 Cognition – cognitive tests (REYI/II, MAT, COWAT, Stroop, etc.) 

 



Biological age 
in the CLSA BA vs. CA 

ΔBA 



Biological age 
and frailty 

Frailty Index 

Fried’s Frailty 



Biological age 
and age at 
menopause 

Fully adjusted model 
Coefficient: -0.1269   
95% CI: -0.194 - -0.0598 
p=0.0002 

Every year of age at 
menopause results in 

~1.5 months reduction 
in biological age  



Biological age 
and 
menopause 
classification 

Menopause classification Coefficient 95% CI p 

Normal (46-54 yrs) Ref Ref 

Premature (30-40 yrs) 2.79 1.09 - 4.50 ** 

Early (41-45 yrs) 1.38  0.46 - 2.30 ** 

Late  (55+ yrs) 0.20 -0.70 - 1.11 

Hysterectomy 1.53 0.82 - 2.24 *** 

Early or premature menopause or having had a 
hysterectomy increases biological age by at least 1 year 



Summary 

 Similar to frailty, age at menopause or menopause 
classification is associated with increased biological 
age (accelerated aging) 

 Premature menopause (<40 years) has the most 
substantial effect followed by early menopause (40-45 
years) or having had a hysterectomy.  



Thanks! 

Collaborators 
 Hala Tamim, York University 

 Dan Belsky, Duke University 

 

CLSA 

 David Kanters 

 Jinhui Ma 

 Lauren Griffith 

 Parminder Raina 

 Stacey Voll (U Victoria) 

Funding provided by... 



www.clsa-elcv.ca 

Thank you for attending the CLSA 
Webinar Series. Webinars will resume 

in September 2018. 
 

For updates, please visit the CLSA 
website. 

UPCOMING CLSA WEBINARS 
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