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Background Information and Scientific Rationale  

Background Information  

Fragility fractures occurring in older women are a recognized public health issue in many developed 
countries (1) and increasingly also in less developed ones. Improving our knowledge of the 
pathophysiology of osteoporosis is a key step in designing measures for fracture prevention, early 
osteoporosis diagnosis, and, if needed, appropriate treatment. 
 
Two variables are considered crucial in osteoporosis and fracture risk in older women:  the peak 
areal bone mineral density (BMD) achieved in puberty or young adulthood, and the rapid bone loss 
early in menopause (the life phase beginning one year after the final menstrual flow). Peak 
youth/premenopausal BMD is acquired during growth in the late teens for hip sites (2) and in the 
30s for the lumbar spine BMD (2) based on prospective data from the Canadian Multicentre 
Osteoporosis Study (CaMos) Adult and Youth Cohorts. This ideal peak BMD is believed to be crucial 
for subsequent fracture risk in both men and women (3).  
 
“Postmenopausal osteoporosis” is the way osteoporosis in older women is currently understood (4). 
This concept rests on the idea that rapid bone loss occurs during the first few menopausal years 
(although sometimes that inappropriately includes the perimenopausal first year after the final 
menstrual flow) (4, 5).  Since it is known that dropping estradiol levels cause rapid bone loss (5), and 
that non-menstruation indicates “estrogen deficiency” for the majority of physicians, the assumption 
has been that it is the rapid bone loss occurring when cycles stop that accounts for (the majority of) 
women’s risk for fractures during their menopausal years (sometimes called ‘postmenopausal’) (6-
8). Likewise, during the menstruating years it is generally believed that estrogen is the most 
important factor in preserving premenopausal BMD (9, 10). Thus, menopausal “estrogen deficiency” 
is commonly understood to be the main cause of rapid bone loss and thus osteoporotic fractures in 
older women (4, 11-13).  
 
However, significant evidence suggests that considerable bone loss may occur during the 
premenopausal years (14-17).   Also, although poorly recognized, rapid bone loss occurs from the 
onset of skipped menstrual cycles in the Late Menopausal Transition and during the year after the 
final menstrual flow (Late Perimenopause) which are all still part of perimenopause (18-21). Strong 
evidence from prospective studies in premenopausal women with regular menstrual cycles in whom 
ovulatory characteristics have been documented by  progesterone levels and or hormonally 
validated methods such as Quantitative Basal Temperature© (22, 23), show significant bone loss 
with subclinical ovulatory disturbances (14-16, 23). The duration of menstruating life (from 25-40+ 
years) and other reproductive characteristics such as infertility, androgen excess (24), starting during 
adolescence and likely duration of combined hormonal  contraceptive (CHC) use (25) along with 
important lifestyle factors such as vitamin D intakes (26), dietary patterns (27), physical activity 
experiences (28), genetic background (29), family history of fracture (30) and medical risk factors 
such as Type 1 or 2 diabetes mellitus (T2DM)  and other comorbidities (31) can all affect the risk of 
incident fragility fracture later in life (32, 33).  

Peak bone mineral density is attained during early adulthood. Results from CaMos, a national sample 
of community dwelling women (from both the Adult and Youth Cohorts), showed that lumbar spine 
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peak BMD occurred at ages 33 to 40 years and total hip and femoral neck peak BMD occurred at 
ages 16 to 19 years (2). The universal assumption has been that women would maintain a stable 
BMD with probably insignificant bone loss before menopause (8). Therefore, if premenopausal bone 
mineral density is not maintained, BMD at the Perimenopausal Peak, as defined by the recent onset 
of night sweats in regular cycles and/or irregular cycles that typically begin 3-10 years before the 
onset of menopause (34), should influence subsequent (incident) rates of fracture. Figure 1 shows 
our current concepts about the lifecycle of bone in women.  

 

Figure 1: A theoretical model of BMD changes over the course of women’s reproductive lifespan and 
its different phases with Peak Perimenopausal BMD being indicated by new night sweats in women 
with regular cycles or the onset of irregular flow. Fractures are at high risk below “bone reserve.” 

However, several reproductive events and factors affect BMD in premenopausal women (as 
previously discussed). For example, changes in menstrual cycle length (even within the normal range 
of 21-35 days) and subclinical ovulatory disturbances (within clinically normal cycles) resulting from  
underlying hormonal imbalances have an impact on rate of bone change and thus on bone health 
(32, 35-37). Amenorrhea (primary or secondary) can affect the adolescent peak bone mass and/or 
the rate of early post pubertal bone loss (38).  An imbalance of estrogen to progesterone is present 
in subclinical ovulatory disturbances (occurring in regular cycles with sufficient estradiol but 
including short luteal phase cycles and anovulation providing insufficient progesterone). These can 
and do commonly occur within regular, normal-length cycles based on a population-based point 
prevalence study in Norway that documented serum estradiol and progesterone in over 3000 
women with cycle-timed values (39). These silent ovulatory disturbances in 37% of the population 
(39) therefore could accelerate the rate of bone loss in apparently healthy, regularly cycling 
premenopausal women (14, 15, 40-43).  

Not only does overt lowering of the reproductive hormones, estradiol and progesterone, occur with 
amenorrhea, but silent bone loss in regularly cycling women can and does occur in premenopausal 
women (18). Previous prospective data (from the population-based CaMos cohort) and a meta-
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analysis have both shown that the most rapid BMD loss (prior to a very old/frail state) happens in 
the few years before a year has passed since the last flow (menopause) (18, 21). Ovulatory 
disturbances during premenopause, and the rapidly swinging (and thus downward estradiol 
excursions) as well as gradually decreasing progesterone levels and decreased ovulation frequency 
with eventually lower estrogen levels in later perimenopause will all increase the rate of BMD loss 
(14). Thus, assessing the relationship between BMD early in perimenopause (before rapid loss of 
BMD in later perimenopause (18, 21)) and the rate of incident fractures in the early menopause 
years will provide evidence, that is currently lacking, about the importance of other factors, 
especially premenopausal subclinical ovulatory disturbances, for risk of osteoporosis in older women 
and subsequent fracture.  

We have been granted access to previously collected data from (CaMos) (44) by approval of an 
application to the CaMos Data, Analysis and Publication (DAP) committee and a proposal that 
resulted in an Osteoporosis Canada-Canadian Multicentre Osteoporosis Study fellowship (to AG, 
June 12, 2018).  

CaMos was a longitudinal 9-centre Canada-wide cohort study of a population-based sample of 9,423 
noninstitutionalized adult Canadian women (2/3) and men (1/3) ages 25-80+ who were followed for 
20 years (https://www.maelstrom-research.org/mica/individual-study/camos, Accessed September 
21, 2020) to ascertain the number of prevalent and incident fractures, obtain clinical measures of 
BMD and describe the distribution of proposed risk factors for osteoporosis” (25).  

 

We will assess BMD in Very Early Perimenopause (45), in other words when cycles are still regular 
but hormone levels and experiences (such as night sweats, sleep problems) have changed (46); these 
women are selected based on still regular cycling but the onset of night sweats. Participants in this 
protocol may also be in the Early Menopause Transition with the start of irregular cycles (47). In 
neither case are women yet rapidly losing BMD (18, 48, 49). Access to this dataset will allow us to 
evaluate whether a lower Peak Perimenopausal BMD will be associated with a greater risk for 
incident fractures over the subsequent nine years (48).   

https://www.maelstrom-research.org/mica/individual-study/camos


 ________________________________________________________________________________________  
5 

Should we be able to confirm that there is a greater rate of incident (future) fracture in women with 
lower BMD levels at their BMD peak in early perimenopause (Peak Perimenopausal BMD, PP-BMD), 
it will aid in better understanding the impact of premenopausal women’s risks for osteoporosis. We 
can then examine differences between women who, at Peak Perimenopause, have lower versus 
higher BMD to learn the premenopausal variables that are risk factors for sustaining menopausal 
osteoporotic fractures. If subclinical ovulatory disturbances are identified as a risk factor, we already 
know from randomized controlled trial data, that cyclic medroxyprogesterone (acting through the 
progesterone osteoblast receptor) and thus similar to thus Cyclic oral micronized Progesterone, will 
effectively and safely prevent that bone loss (50). Thus, these data may stimulate development of 
tools to detect subclinical ovulatory disturbances in regular cycles and will, therefore, potentially aid 
in preventing premenopausal bone loss.  

Understanding and preventing osteoporosis in pre-/perimenopausal women would be an important 
change from the current policy of most major osteoporosis scientific organizations, such as 
Osteoporosis Canada (OC). OC’s focus is on secondary prevention of osteoporotic fracture (i.e. after 
adults have already sustained a fragility fracture) (https://osteoporosis.ca/health-care-
professionals/clinical-practice-guidelines/osteoporosis-guidelines. Accessed May 25, 2020).  
However, identifying women at risk before fracture occurrence will allow primary prevention and 
thus will reduce the burden of disease and likely therefore improve disease-specific quality of life for 
those affected.  

Premenopausal reproductive characteristics have not yet been well documented in relation to 
elevated rates of incident fracture in longitudinal population-based data. Most published studies 
that have reported the association of reproductive factors and BMD are cross-sectional (24, 25, 31) 
and relied on self-reported recall of these variables (51, 52). However, in CaMos, reproductive 
features for the adult cohort of women, in addition to BMD measurements and other important 
lifestyle variables, were collected prospectively and reliably at baseline, and intermittently (3-4 
times) over 16+ years. These valuable data make the assessment of innovative reproductive/bone 
/fracture relationships possible. In addition, the large number of women (initially over 6,500) who 
have been followed and have had documentation/measurements on 3-4 occasions over years means 
that those who were originally premenopausal (the youngest age was 25) have been documented 
into perimenopause and/or menopause. This allows us to determine whether there are associations 
among reproductive factors while in premenopause or early in perimenopause, and in Peak 
Perimenopausal BMD values before menopause onset and subsequent fracture incidence. Since 
other risk factors for osteoporosis (diet, exercise, medications, variables related to anovulation and 
habits) are available in CaMos, we can adjust our results for these potential confounders. 

Potential benefits and risks 

This is a new analysis of available data. There is no risk to participants. All have signed informed 
consent to protocols approved by the McGill University ethics and site-specific ethics in each of the 
nine centres.  

 
 

https://osteoporosis.ca/health-care-professionals/clinical-practice-guidelines/osteoporosis-guidelines
https://osteoporosis.ca/health-care-professionals/clinical-practice-guidelines/osteoporosis-guidelines
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OBJECTIVES: 
Objective 1: 

Assess fracture incidence, degree of trauma and sites of non-vertebral and morphological vertebral   
fractures (assessed by standardized radiographs) over nine years following Peak Perimenopausal 
BMD (PP-BMD) values at each of the bone measurement sites (L1-4 lumbar spine [LS], femoral neck 
[FN] and total hip [TH]).  

Objective 2:  

In women with an available BMD value prior to the identified PP-BMD: 

a) Determine the rate of BMD change between the first available CaMos BMD value (surrogate 
for Youth Peak Bone Mass-PBM) and the Peak Perimenopausal BMD for each eligible 
woman.  

b) Determine whether this rate of premenopausal and early perimenopausal BMD change 
(mean/year) is associated with the 9-year following PP-BMD incident fracture rate.  

c)  Describe the variables associated with BMD change from PBM to PP-BMD.   

Study Design 

Research question 

Do incident fractures early in menopause relate to the BMD value at the time of Peak 
Perimenopausal BMD?  

Hypotheses 

1. Women with lower BMD values at the time of “Peak Perimenopause” (PP-BMD) are at a greater 
risk of incident fractures after accounting for other important fracture-related variables. 

2. Change in BMD between the first available CaMos BMD and the PP-BMD in perimenopausal 
women will relate to variables that are associated with disturbances in ovulation 

a) Differences in the change in premenopausal BMD from youth peak BMD to PP-BMD will predict 
the risk for future incident fractures.  

b) Reproductive factors such as adolescent CHC use, infertility and ovulatory disturbances will be 
associated with the rate of BMD change between the youth peak BMD and Peak Perimenopausal 
BMD 

This is an ad hoc analysis of prospective population-based Canada-wide 9-centre CaMos data. Our 
primary outcome is post PP-BMD incident non-vertebral and morphological vertebral fractures. We 
will include fragility as well as higher trauma fractures anticipating small numbers; pathological 
fractures, i.e. related to focal Paget’s disease or metastases, will be excluded. We will consider 
related to osteoporosis, fractures at all anatomical sites except those of the hands, feet, and 
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skull/face. We will include incident radiographic vertebral fractures assessed using the 
morphological criteria of modified ABQ as recently described (53).  

We will be able to infer subclinical ovulatory disturbances if these premenopausal women report 
regular cycles and key other characteristics yet there is BMD loss from the first measured BMD to 
the Peak Perimenopausal BMD. Why? Because there is increasing animal (54) and human (55) 
clinical and experimental evidence that progesterone is women’s bone formation-stimulating 
hormone. In a cohort study of healthy premenopausal women, 20% of cancellous volumetric spinal 
bone change (by quantitative computed tomography, QCT) over one year was accounted for by the 
mean luteal phase length (14).  In DXA-assessed BMD change, we could assess ovulation and luteal 
phase lengths in several of our studies. In the prospective 2-year study of younger women (mean 
age 22) over 8% of BMD change in the hip region was related to subclinical ovulatory disturbances 
(23). In our meta-analysis of prospective premenopausal studies in women with documented 
menstrual cycles, ovulatory disturbances as well as spinal BMD change,  the mean greater spinal 
BMD loss of -0.86% per year was documented in those with more than the median proportion of 
cycles having ovulatory disturbances versus fewer (15).  

This study is an epidemiological prospective evaluation and there are only a certain number of 
women that meet our inclusion criteria and are in the Very Early Perimenopause (n=45) or the Early 
Menopause Transition (n=47), their peak perimenopause age, at CaMos years 5 or 10 examinations. 
It is thus inappropriate and as well as simply not possible to calculate a sample size for this 
exploratory study. 

The secondary outcomes will be to examine pre-PP BMD change/year over the numbers of years for 
which we have premenopausal BMD change data for each woman at Peak Perimenopause. We will 
determine whether that rate of pre-PP-BMD change is related to risk of menopausal incident 
fractures and document the characteristics associated with the greatest premenopausal rate of bone 
loss at each of the three BMD measurement sites. 

STUDY POPULATION 

Selection of the study population: 

We are granted access to previously collected data from CaMos by acceptance of our submitted and 
revised CaMos Data Analysis and Publication proposal (June 18, 2018).  

CaMos (44) is a prospective cohort study of 9423 community-dwelling and randomly selected 
participants. The initial Adult CaMos cohort included women (n = 6539) and men (n = 2884), ≥25 
year of age at baseline (mean approximate 63 years), living within 50 km of nine Canadian cities (St 
John’s, Halifax, Quebec City, Toronto, Hamilton, Kingston, Saskatoon, Calgary, and Vancouver) that 
began cohort recruitment in 1995–1997 and continued for 16-21 years. Each of the nine centres 
enrolled an age-stratified (toward older ages) and sex-stratified (2 women:1 man) sample of about 
1000 people.  (Note-although most centres have now closed given our lack of success in obtaining 
further CIHR funding, the Vancouver Centre is still following over 400 participants with an annual 
questionnaire and fracture documentation). 

Baseline CaMos data collection included an extensive interviewer-administered questionnaire and 
clinical assessments. The questionnaire included socio-demographic information, medical and 
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fracture history, family history, reproductive history, dietary intake, physical activity, cigarette and 
alcohol use, and quality of life determinations. Clinical assessments included height, weight, and 
BMD by DXA in all, plus lateral spine radiographs in those aged ≥50 years. This radiograph spanned 
the spinal anatomy from T4 to L4; from these data we made assessments of subclinical 
morphological vertebral fractures (that involved disruption of the superior, inferior or medial cortex) 
(56).  

Each of the examinations at Year-5 and Year-10 included an interviewer-administered questionnaire 
and clinical assessment of height, weight, BMD, and lateral vertebral radiographs. 

Information regarding fracture was gathered annually in a mailed questionnaire and was then 
confirmed through a structured telephone interview, which included in-depth questions regarding 
the fracture site and the circumstances leading to fracture. The majority of fractures were ultimately 
verified by radiographic or medical report data (78% of all self-reported fractures) (57).  

Inclusion/Exclusion Criteria 

Women were first evaluated for inclusion at their Year 5 follow-up. If they did not meet the inclusion 
criteria, we then evaluated them for inclusion at their Year 10 follow-up. 

At the time of the interview (Y5 or Y10), included women satisfied the following criteria: 
- Aged 35-57 
AND 
- non-menopausal  
AND 
- ≥2 years before menopause  
AND 
- Had new onset of new experience of night sweats in regular cycles or irregular menses.  

We excluded women satisfying the following criteria:  
- Bilateral oophorectomy 

OR 
- Ever used of antiresorptive bone medications (such as bisphosphonates) or parathyroid 

hormone 
OR 

- Ever used of pharmacological dose oral or parenteral steroids (glucocorticoid medications), 
(but not excluding those using inhaled steroids as for asthma)  
OR 

- Ever use of ovarian hormone therapy (estrogen alone or estrogen/progesterone-progestin), 
               OR 

- Being pregnant in the year before PP-BMD 

Type of information that will be gathered: 

We will extract demographic, clinical, reproductive data along with BMD and all incident fracture 
information. 
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Overall duration of the project: N/A 

Privacy of participants:  

Data are coded and anonymized. We do not have access to any personal identifiers in the data files 
created for this analysis.  

LABORATORY EVALUATIONS: 

Not applicable. 

STATISTICAL CONSIDERATIONS 

Study outcome measures: 

- Incident fracture:  incident fractures for the nine years after PP-BMD measurement will be 
assessed for a relationship with PP-BMD with adjustment for confounding variables 
including comorbidities.  

- Premenopausal bone change per year:  BMD change will be defined as the difference 
between PP-BMD and the first available CaMos BMD, divided by the number of days elapsed 
between both DXA assessments to obtain an annual change for which negative values would 
indicate a decrease over time. We will consider BMD at the LS, TH and FN.  

- PP-BMD will be chosen as the BMD closest to: 
Ages ≥35-57 years at the Year 5 or Year 10 CaMos examination plus the following: 

1. New experience of night sweats in regular cycles, and/or 
2. New onset irregular cycles  

The incidence of fractures will be presented as a crude value, plus as adjusted for all other 
important influencing factors such as comorbidities, medications, reproductive variables, 
lifestyle, nutrition, and family history of fracture.  

 Co-Variables for consideration in regression related to ovulatory disturbances 
 The clinical experiences associated in the literature with anovulatory cycles and included in 
the CaMos questionnaire will be used. The co-variable considered will include: 
• BMI at age 18 (≥24 is related to anovulation) (58) 
• Age at menarche (Late age at menarche (≥16 years) occurred in 5.1% in CaMos 

premenopausal women’s data (24)) 
• History of hormone-related infertility (that occurred in 2.7% of CaMos premenopausal 

women (20) and includes chronic or recurrent short luteal phases or anovulation. We 
are excluding tubal obstruction or male-factor related infertility (59)) 

• Weight cycling of ≥10 pounds (yes/no) (60)  
• Cycle lengths of <24 days (61) and oligomenorrhea (62) [>35] days (since both are 

associated with anovulation) (61).  
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• Cognitive dietary restraint—we have 3 selected questions in the CaMos database that 
are most reflective of the entire Three Factor Restraint Score (63). We will use the top 
tertile of the CaMos eating attitudes questions to indicate cognitive dietary restraint 
which is strongly associated with ovulatory disturbances (64). 

 

Participant enrolment and follow up:  

We are not recruiting new participants. Available data from previously enrolled participants will be 
used. 

Enrollment for the main study was through random selection of households (based on postal codes 
within 50 km of the middle of each of the nine CaMos research centres obtained using residential 
phone numbers); participants were then randomly selected within households by a sex- and age-
stratified protocol(44). Ethics approval was obtained from participating centres’ ethics review 
boards—the local BC Clinical Research Ethics Board approval is #H96-70123.  

Written informed consent was obtained from all participants who were enrolled in the study. We 
chose a sub-sample of CaMos women with follow-up clinical, BMD and fracture data who were aged 
35-57 at Years 5 and 10. 
 

ANALYSIS PLAN:  
Objective 1:  

a) Descriptive statistics at the time of Peak Perimenopausal BMD measurement. The time 
of PP_BMD is either in Year 5 or 10.  

b) Calculation of all fragility and higher trauma vertebral (by radiographs with 
morphological assessment) and non-vertebral fracture incidence rate during the 
available up to 9 year follow up after PP-BMD. 
I have deleted the Cox regression model because it was not included in objective 1 
written above. 

Objective 2: 
a) Descriptive statistics at baseline (at their enrolment interview and clinical examination): 

including BMD, demographic, reproductive (including variables related to anovulation) 
and clinical characteristics 

b) Calculation of BMD change per year from baseline to Peak Perimenopausal BMD at each 
of the three measurement sites: LS, TH, and FN 

c) Linear regression analysis to assess the association of the potential risk factors with 
change in BMD from baseline to the time of Peak Perimenopause. 

Subject Confidentiality  
Data files generated for the purpose of this analysis do not contain any personal information such as 
name, date of birth, personal health number, address or other contact information.  

The files are kept on UBC encrypted drives and only authorized research team members will have 
access to them.  The study protocol, documentation, data and all other information generated will 
be held in strict confidence.  No information concerning the study, or the data will be released to any 
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unauthorized third party. We do not seek to contact CaMos participants or access to CaMos paper 
records. Use of data by the PI and her team is restricted to the goals of this protocol.  

Summary 

Using unique Canadian Multicentre Osteoporosis Study (CaMos) nation-wide population-based 
prospective cohort data we are proposing, for the first time, to document a relationship between 
incident fractures and the areal bone mineral density when women are regularly menstruating with 
night sweats (Very Early Perimenopause) or have just begun to develop irregular cycles (Early 
Menopause Transition). We will thus assess BMD before the rapid perimenopausal bone loss that 
begins with skipped periods (Late Menopause Transition) or in the year after the last flow (Late 
Perimenopause) (21, 48). If we can show that PP-BMD predicts incident fractures, it will suggest that 
something other than rapid (post)menopausal bone loss is important for women’s osteoporosis risk. 
If we are able to show BMD loss between the baseline and PP-BMD, and the women with the most 
BMD loss have regular cycles but more subclinical ovulatory disturbances (short luteal phases and 
anovulation-related variables), it will suggest that it is not premenopausal estrogen insufficiency but 
lack of adequate progesterone that is related to later life osteoporosis and to fractures that occur 
when women are early in menopause.  

Literature References 
1. Johnell O, Kanis J. An estimate of the worldwide prevalence and disability associated with 
osteoporotic fractures. Osteoporosis international. 2006;17(12):1726-33. 
2. Berger C, Goltzman D, Langsetmo L, Joseph L, Jackson S, Kreiger N, et al. Peak bone mass 
from longitudinal data: implications for the prevalence, pathophysiology, and diagnosis of 
osteoporosis. Journal of Bone and Mineral Research. 2010;25(9):1948-57. 
3. Weaver C, Gordon C, Janz K, Kalkwarf H, Lappe JM, Lewis R, et al. The National Osteoporosis 
Foundation’s position statement on peak bone mass development and lifestyle factors: a systematic 
review and implementation recommendations. Osteoporosis international. 2016;27(4):1281-386. 
4. Eastell R, O'Neill TW, Hofbauer LC, Langdahl B, Reid IR, Gold DT, et al. Postmenopausal 
osteoporosis. Nature reviews Disease primers. 2016;2(1):1-16. 
5. Horsman A, Simpson M, Kirby P, Nordin B. Non-linear bone loss in oophorectomized women. 
The British journal of radiology. 1977;50(595):504-7. 
6. Hernandez C, Beaupre G, Carter D. A theoretical analysis of the relative influences of peak 
BMD, age-related bone loss and menopause on the development of osteoporosis. Osteoporosis 
international. 2003;14(10):843-7. 
7. Riis B, Hansen M, Jensen A, Overgaard K, Christiansen C. Low bone mass and fast rate of 
bone loss at menopause: equal risk factors for future fracture: a 15-year follow-up study. Bone. 
1996;19(1):9-12. 
8. Johnston Jr C, Longcope C. Premenopausal bone loss--a risk factor for osteoporosis. The New 
England journal of medicine. 1990;323(18):1271. 
9. Popat VB, Calis KA, Vanderhoof VH, Cizza G, Reynolds JC, Sebring N, et al. Bone mineral 
density in estrogen-deficient young women. The Journal of Clinical Endocrinology & Metabolism. 
2009;94(7):2277-83. 
10. Crofton PM, Evans N, Bath LE, Warner P, Whitehead TJ, Critchley HO, et al. Physiological 
versus standard sex steroid replacement in young women with premature ovarian failure: effects on 
bone mass acquisition and turnover. Clinical endocrinology. 2010;73(6):707-14. 
11. Morcov C, Vulpoi C, Brănişteanu D. Relationship between bone mineral density, weight, and 
estrogen levels in pre and postmenopausal women. The Medical-Surgical Journal. 2012;116(4):946-
50. 



 ________________________________________________________________________________________  
12 

12. Wells G, Tugwell P, Shea B, Guyatt G, Peterson J, Zytaruk N, et al. V. Meta-analysis of the 
efficacy of hormone replacement therapy in treating and preventing osteoporosis in 
postmenopausal women. Endocrine Reviews. 2002;23(4):529-39. 
13. Lufkin EG, Wahner HW, O'Fallon WM, Hodgson SF, Kotowicz MA, Lane AW, et al. Treatment 
of postmenopausal osteoporosis with transdermal estrogen. Annals of internal medicine. 
1992;117(1):1-9. 
14. Prior JC, Vigna YM, Schechter MT, Burgess AE. Spinal bone loss and ovulatory disturbances. 
New England Journal of Medicine. 1990;323(18):1221-7. 
15. Li D, Hitchcock CL, Barr SI, Yu T, Prior JC. Negative spinal bone mineral density changes and 
subclinical ovulatory disturbances—prospective data in healthy premenopausal women with regular 
menstrual cycles. Epidemiologic reviews. 2014;36(1):137-47. 
16. Waugh EJ, Polivy J, Ridout R, Hawker GA. A prospective investigation of the relations among 
cognitive dietary restraint, subclinical ovulatory disturbances, physical activity, and bone mass in 
healthy young women. The American journal of clinical nutrition. 2007;86(6):1791-801. 
17. Bainbridge KE, Sowers M, Lin X, Harlow SD. Risk factors for low bone mineral density and the 
6-year rate of bone loss among premenopausal and perimenopausal women. Osteoporosis 
International. 2004;15(6):439-46. 
18. Berger C, Langsetmo L, Joseph L, Hanley DA, Davison KS, Josse R, et al. Change in bone 
mineral density as a function of age in women and men and association with the use of 
antiresorptive agents. Cmaj. 2008;178(13):1660-8. 
19. Hui S, Slemenda C, Johnston C. The contribution of bone loss to postmenopausal 
osteoporosis. Osteoporosis international. 1990;1(1):30-4. 
20. Slemenda C, Longcope C, Peacock M, Hui S, Johnston CC. Sex steroids, bone mass, and bone 
loss. A prospective study of pre-, peri-, and postmenopausal women. The Journal of clinical 
investigation. 1996;97(1):14-21. 
21. Prior JC. Perimenopause: the complex endocrinology of the menopausal transition. 
Endocrine reviews. 1998;19(4):397-428. 
22. Prior J, Vigna Y, Schulzer M, Hall J, Bonen A. Determination of luteal phase length by 
quantitative basal temperature methods: validation against the midcycle LH peak. Clin Invest Med. 
1990;13(3):123-31. 
23. Bedford JL, Prior JC, Hitchcock CL, Barr SI. Detecting evidence of luteal activity by least-
squares quantitative basal temperature analysis against urinary progesterone metabolites and the 
effect of wake-time variability. European Journal of Obstetrics & Gynecology and Reproductive 
Biology. 2009;146(1):76-80. 
24. Goshtasebi A, Berger C, Barr SI, Kovacs CS, Towheed T, Davison KS, et al. Adult 
Premenopausal Bone Health Related to Reproductive Characteristics—Population-Based Data from 
the Canadian Multicentre Osteoporosis Study (CaMos). International journal of environmental 
research and public health. 2018;15(5):1023. 
25. Prior JC, Kirkland SA, Joseph L, Kreiger N, Murray TM, Hanley DA, et al. Oral contraceptive 
use and bone mineral density in premenopausal women: cross-sectional, population-based data 
from the Canadian Multicentre Osteoporosis Study. Cmaj. 2001;165(8):1023-9. 
26. Yang Y, Wu F, Winzenberg T, Jones G. The association of vitamin D in youth and early 
adulthood with bone mineral density and microarchitecture in early adulthood. Calcified tissue 
international. 2019;104(6):605-12. 
27. Langsetmo L, Hanley DA, Prior JC, Barr SI, Anastassiades T, Towheed T, et al. Dietary patterns 
and incident low-trauma fractures in postmenopausal women and men aged≥ 50 y: a population-
based cohort study. The American journal of clinical nutrition. 2011;93(1):192-9. 
28. Langsetmo L, Hitchcock C, Kingwell E, Davison K, Berger C, Forsmo S, et al. Physical activity, 
body mass index and bone mineral density—associations in a prospective population-based cohort 
of women and men: The Canadian Multicentre Osteoporosis Study (CaMos). Bone. 2012;50(1):401-8. 



 ________________________________________________________________________________________  
13 

29. Prior J, Hitchcock C, Vigna Y, Seifert-Klauss V. Premenopausal trabecular bone loss is 
associated with a family history of fragility fracture. Geburtshilfe und Frauenheilkunde. 
2016;76(08):895-901. 
30. Kanis J, Johansson H, Odén A, Johnell O, De Laet C, Eisman J, et al. A family history of 
fracture and fracture risk: a meta-analysis. Bone. 2004;35(5):1029-37. 
31. Papaioannou A, Joseph L, Ioannidis G, Berger C, Anastassiades T, Brown JP, et al. Risk factors 
associated with incident clinical vertebral and nonvertebral fractures in postmenopausal women: the 
Canadian Multicentre Osteoporosis Study (CaMos). Osteoporosis international. 2005;16(5):568-78. 
32. Rodin A, Murby B, Smith M, Caleffi M, Fentiman I, Chapman M, et al. Premenopausal bone 
loss in the lumbar spine and neck of femur: a study of 225 Caucasian women. Bone. 1990;11(1):1-5. 
33. Arlot ME, Sornay-Rendu E, Garnero P, Vey-Marty B, Delmas PD. Apparent pre-and 
postmenopausal bone loss evaluated by DXA at different skeletal sites in women: The OFELY cohort. 
Journal of Bone and Mineral Research. 1997;12(4):683-90. 
34. Prior JC, Hitchcock CL. The endocrinology of perimenopause: need for a paradigm shift. 
Front Biosci. 2011;3:474-86. 
35. Kalyan S, Prior JC. Bone changes and fracture related to menstrual cycles and ovulation. 
Critical Reviews™ in Eukaryotic Gene Expression. 2010;20(3). 
36. Hui SL, Perkins AJ, Zhou L, Longcope C, Econs MJ, Peacock M, et al. Bone loss at the femoral 
neck in premenopausal white women: effects of weight change and sex-hormone levels. The Journal 
of Clinical Endocrinology & Metabolism. 2002;87(4):1539-43. 
37. Prior JC. The Menstrual cycle: Its biology in the context of silent ovulatory disturbances.  
Routledge International Handbook of Women's Sexual and Reproductive Health2019. p. 39. 
38. Keen AD, Drinkwater BL. Irreversible bone loss in former amenorrheic athletes. Osteoporosis 
International. 1997;7(4):311-5. 
39. Prior JC, Naess M, Langhammer A, Forsmo S. Ovulation prevalence in women with 
spontaneous normal-length menstrual cycles–a population-based cohort from HUNT3, Norway. PLoS 
One. 2015;10(8):e0134473. 
40. Cooper G, Sandler D. Long-term effects of reproductive-age menstrual cycle patterns on 
peri-and postmenopausal fracture risk. American journal of epidemiology. 1997;145(9):804-9. 
41. Nicodemus KK, Folsom AR, Anderson KE. Menstrual history and risk of hip fractures in 
postmenopausal women the Iowa women's health study. American journal of epidemiology. 
2001;153(3):251-5. 
42. Hesdorffer DC, Melton III LJ, Malkasian GD, Atkinson EJ, Brinton LA, O'Fallon WM. Hip 
fractures among infertile women. American journal of epidemiology. 1999;149(9):810-3. 
43. Ouyang F, Wang X, Arguelles L, Rosul L, Venners S, Chen C, et al. Menstrual cycle lengths and 
bone mineral density: a cross-sectional, population-based study in rural Chinese women ages 30–49 
years. Osteoporosis international. 2007;18(2):221-33. 
44. Kreiger N, Tenenhouse A, Joseph L, Mackenzie T, Poliquin S, Brown JP, et al. The Canadian 
multicentre osteoporosis study (CaMos): background, rationale, methods. Canadian Journal on 
Aging/La Revue canadienne du vieillissement. 1999;18(3):376-87. 
45. Prior JC, Seifert-Klauss V, Hale G. The endocrinology of perimenopause–new definitions and 
understandings of hormonal and bone changes. Current Topics in Menopause Hong Kong: Benthan 
Science Publishers. 2013:54-83. 
46. Prior JC. Clearing confusion about perimenopause. BC Med J. 2005;47(10):534-8. 
47. Harlow SD, Gass M, Hall JE, Lobo R, Maki P, Rebar RW, et al. Executive summary of the 
Stages of Reproductive Aging Workshop+ 10: addressing the unfinished agenda of staging 
reproductive aging. The Journal of Clinical Endocrinology & Metabolism. 2012;97(4):1159-68. 
48. Seifert-Klauss V, Fillenberg S, Schneider H, Luppa P, Mueller D, Kiechle M. Bone loss in 
premenopausal, perimenopausal and postmenopausal women: results of a prospective 
observational study over 9 years. Climacteric. 2012;15(5):433-40. 



 ________________________________________________________________________________________  
14 

49. Guthrie J, Ebeling P, Hopper J, Barrett-Connor E, Dennerstein L, Dudley E, et al. A prospective 
study of bone loss in menopausal Australian-born women. Osteoporosis International. 
1998;8(3):282-90. 
50. Prior JC, Vigna YM, Barr SI, Rexworthy C, Lentle BC. Cyclic medroxyprogesterone treatment 
increases bone density: a controlled trial in active women with menstrual cycle disturbances. The 
American journal of medicine. 1994;96(6):521-30. 
51. Forsmo S, Schei B, Langhammer A, Forsen L. How do reproductive and lifestyle factors 
influence bone density in distal and ultradistal radius of early postmenopausal women? The Nord-
Trøndelag Health Survey, Norway. Osteoporosis international. 2001;12(3):222-9. 
52. Parazzini F, Bidoli E, Franceschi S, Schinella D, Tesio F, La Vecchia C, et al. Menopause, 
menstrual and reproductive history, and bone density in northern Italy. Journal of Epidemiology & 
Community Health. 1996;50(5):519-23. 
53. Lentle B, Koromani F, Brown JP, Oei L, Ward L, Goltzman D, et al. The radiology of 
osteoporotic vertebral fractures revisited. Journal of Bone and Mineral Research. 2019;34(3):409-18. 
54. Jerome CP, Carlson C, Register T, Bain F, Jayo M, Weaver D, et al. Bone functional changes in 
intact, ovariectomized, and ovariectomized, hormone-supplemented adult cynomolgus monkeys 
(Macaca fascicularis) evaluated by serum markers and dynamic histomorphometry. Journal of Bone 
and Mineral Research. 1994;9(4):527-40. 
55. Prior J. Progesterone for the prevention and treatment of osteoporosis in women. 
Climacteric. 2018;21(4):366-74. 
56. Lentle BC, Berger C, Probyn L, Brown JP, Langsetmo L, Fine B, et al. Comparative analysis of 
the radiology of osteoporotic vertebral fractures in women and men: cross-sectional and 
longitudinal observations from the Canadian Multicentre Osteoporosis Study (CaMos). Journal of 
Bone and Mineral Research. 2018;33(4):569-79. 
57. Prior JC, Langsetmo L, Lentle BC, Berger C, Goltzman D, Kovacs CS, et al. Ten-year incident 
osteoporosis-related fractures in the population-based Canadian Multicentre Osteoporosis Study—
Comparing site and age-specific risks in women and men. Bone. 2015;71:237-43. 
58. Rich-Edwards JW, Goldman MB, Willett WC, Hunter DJ, Stampfer MJ, Colditz GA, et al. 
Adolescent body mass index and infertility caused by ovulatory disorder. American journal of 
obstetrics and gynecology. 1994;171(1):171-7. 
59. Crawford NM, Pritchard DA, Herring AH, Steiner AZ. Prospective evaluation of luteal phase 
length and natural fertility. Fertility and sterility. 2017;107(3):749-55. 
60. Fogelholm M, Sievänen H, Heinonen A, Virtanen M, Uusi-Rasi K, Pasanen M, et al. 
Association between weight cycling history and bone mineral density in premenopausal women. 
Osteoporosis International. 1997;7(4):354-8. 
61. Fenster L, Waller K, Chen J, Hubbard AE, Windham GC, Elkin E, et al. Psychological stress in 
the workplace and menstrual function. American Journal of Epidemiology. 1999;149(2):127-34. 
62. Devoto E, Aravena L, Gaete X. Has oligomenorrhea a pathological meaning? The importance 
of this symptom in internal medicine. Revista medica de Chile. 1998;126(8):943-51. 
63. Stunkard AJ, Messick S. The three-factor eating questionnaire to measure dietary restraint, 
disinhibition and hunger. Journal of psychosomatic research. 1985;29(1):71-83. 
64. Bedford JL, Prior JC, Barr SI. A prospective exploration of cognitive dietary restraint, 
subclinical ovulatory disturbances, cortisol, and change in bone density over two years in healthy 
young women. The Journal of Clinical Endocrinology & Metabolism. 2010;95(7):3291-9. 
 


