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We learned in 1969, the year I graduated from medical school, that—based on the new technique of quantitative microradiography of an iliac crest bone biopsy—increased bone resorption characterized osteoporosis in both women and men as diagnosed by fragility vertebral fracture [1]. Conjugated equine estrogen treatment in the 11 women and testosterone treatment in the single man studied led to significantly decreased bone resorption documented by decreased percentage of crenelated bone surfaces [1]. As would be expected based on coupling of resorption and formation, both estrogen and testosterone also decreased bone formation in 10 of 12 participants as assessed by the extent of tetracycline labelling [1]. Almost 50 years later, we can now reasonably accurately predict 10-year risk for fragility fracture based on clinical risk factors with or without measuring areal bone mineral density (BMD) [2]. We have also learned that hip fractures are not just an “old woman’s disease” since population-based older men surviving in the community to age ≥ 75 years have similar 10-year hip fracture risks (~7%) as women aged 75 or older in the same population [3]. However, we have not yet accomplished effective prevention of fragility fracture nor perfected osteoporosis therapy that both decreases bone resorption AND increases bone formation.



As in the above study from almost five decades ago, women’s bone health still tends to focus on estrogen, to designate women as osteoporosis victims and to assign the reason for this vulnerability to the “estrogen deficiency” of menopause. Logic says that concept should be well refuted—all women become menopausal, menopause always is characterized by low estradiol and progesterone levels yet not all women become osteoporotic. However, estradiol that indirectly suppresses bone resorption and progesterone that stimulates osteoblastic bone formation [4] are both important components of the menstrual cycle; further, a fertile cycle requires both normal estradiol and normal ovulation with sufficient progesterone. Furthermore, osteoporosis treatments continue to primarily act through antiresorptive mechanisms (such as their archetype, estrogen) while ignoring the fact that to suppress bone resorption is also to suppress bone formation through the coupling of these processes [5].



These narrow concepts and limited approaches ignore the fact that bone remodeling is a complexly integrated system with two major strongly-linked processes at its core, bone resorption and bone formation. The important, but often ignored, differentials in timing of completed resorption and completed formation within each bone mineralizing unit—three weeks for resorption and three months for formation—also encourage the focus on antiresorptive therapies that therefore take a dominant role. Thus bone resorption is fast and bone formation is slow; that fact does not imply, however, that both processes are not essential.



This Special Issue on “New Concepts in Women’s Bone Health” illustrates some of the breadth of biochemical, clinical, epidemiological and sociocultural variables that are relevant to women’s osteoporosis prevention. This Issue included work from scientists in five countries and presented an incredible array of perspectives/topics. These bone-relevant variables included shorter leukocyte telomere lengths related to lower BMD in women living with HIV [6], insulin resistance related to reduced bone strength in menopausal Chinese women without diabetes [7] and altered polar lipid metabolomics associated with lower femoral neck BMD [8].



Other bone-relevant topics included population-based data on BMD and prevalent fractures in premenopausal women [9]. These data showed that lower lumbar spine BMD related to amenorrhea, as expected, but also surprisingly to medically important androgen excess for which participants sought physician treatment [9]. This is the first time that epidemiological data have clearly linked potential bone health risk to women with Polycystic Ovary Syndrome (PCOS) who tend to weigh more, who have higher androgen, definitely normal or high estrogen levels despite oligomenorrhea, and often higher insulin levels and have thus been thought to be protected from osteoporosis [9]. In addition those same data in the Canadian Multicentre Osteoporosis Study (CaMos) showed that a later age at menarche was associated with lower femoral neck BMD while both body mass index and height were positively related to BMD at the lumbar, femoral neck and total hip sites [9]. Unfortunately the presence of molimina (normal premenstrual symptoms) is not diagnostic of a hormonally documented ovulatory cycle [10]. The problem is that anovulation is silent within regular menstrual cycles [11] and, in meta-analysis, those women with more versus less prevalent silent ovulation within regular menstrual cycles were losing −0.86% more spinal BMD/year [12]. In addition, the population-based CaMos investigation, midlife women showed that those with more intense/frequent night sweats tended toward increased two-year BMD loss [13].



Medication use may both have different effects in the two sexes and also be differently utilized based on gender. Another article in this Special Issue asked whether BMD was related to a history of anti-depressant or anti-anxiety therapy [14] given that use of serotonin reuptake inhibitors has been repeatedly related to increased fracture risk in population data [15,16]. On the theme of prevention of osteoporosis, Troy et al. reviewed how and why physical activity variables are highly relevant to areal BMD, volumetric BMD and strength across women’s life cycles [17]. Finally, in women who had experienced a fragility fracture and been referred to a fracture liaison programme, whether or not women believed their fracture was related to osteoporosis made a difference in whether they adhered to the programme’s recommendations for exercise, vitamin D and calcium intakes [18].



Thus the horizons of women’s bone health have expanded beyond fragility fracture—this elderly women’s pre-death catastrophe—into opportunities for fracture prevention. This is based on a newly emerging concept that it may be wise to avoid use of combined hormonal contraceptives in adolescent women [19] whose bones need freedom for bone modeling as they gain toward their peak BMD [20]. It also relies on simple lifestyle choices such as a commitment to life-long healthy eating [21], habitual, everyday physical activity [22], avoiding obesity and insulin resistance [23] and skills and support to deal with the subtle life stresses that lead to chronically silent ovulatory disturbances. It still remains to be shown, however, that chronic ovulatory disturbances within regular cycles are related to increased fracture risk as well as to documented loss of spinal BMD [12]. Together there are various, simple ways to achieve effective osteoporosis prevention as summarized for women of different life phases (www.cemcor.ca/resources/abcs-osteoporosis-prevention-premenopausal-women).



There is a strong need now to also think about osteoporosis therapy as interacting with imbalances in the bone remodeling system to both prevent rapid bone loss and to promote increased bone formation. Such synergism of therapy with estradiol/estrogen plus progesterone/progestin has been shown to exceed the BMD benefit of estrogen alone in a meta-analysis of randomized controlled trials [24] and in a RCT of parathyroid hormone based therapy followed by an antiresorptive versus each individual therapy alone [25]. Finally it remains to be documented that such combined, synergistic therapy will improve fragility fracture prevention more effectively than antiresorptive therapy or bone formation-stimulating therapy alone. However, this will likely soon be documented, as further new concepts arise in women’s bone health.






Funding


This research received no external funding.




Conflicts of Interest


The author declares no conflicts of interest.




References


	



Riggs, B.L.; Jowsey, J.; Kelly, P.J.; Jones, J.D.; Maher, F.T. Effect of sex hormones on bone in primary osteoporosis. J. Clin. Investig. 1969, 48, 1065–1072. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Leslie, W.D.; Berger, C.; Langsetmo, L.; Lix, L.M.; Adachi, J.D.; Hanley, D.A.; Ioannidis, G.; Josse, R.G.; Kovacs, C.S.; Towheed, T.; et al. Construction and validation of a simplified fracture risk assessment tool for Canadian women and men: Results from the CaMos and Manitoba cohorts. Osteoporos. Int. 2011, 22, 1873–1883. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; Langsetmo, L.; Lentle, B.C.; Berger, C.; Goltzman, D.; Kovacs, C.S.; Kaiser, S.M.; Adachi, J.D.; Papaioannou, A.; Anastassiades, T.; 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 2014, 71, 237–243. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C. Progesterone for the Prevention and Treatment of Osteoporosis in Women. Climacteric 2018, 21, 366–374. [Google Scholar] [CrossRef] [PubMed]

	



Parfitt, A.M. The coupling of bone formation to bone resorption: A critical analysis of the concept and of its relevance to the pathogenesis of osteoporosis. Metab. Bone Dis. Rel. Res. 1982, 4, 1–6. [Google Scholar] [CrossRef]

	



Kalyan, S.; Pick, N.; Mai, A.; Murray, M.C.M.; Kidson, K.; Chu, J.; Albert, A.Y.K.; Cote, H.C.F.; Maan, E.J.; Goshtasebi, A.; et al. Premature Spinal Bone Loss in Women Living with HIV is Associated with Shorter Leukocyte Telomere Length. Int. J. Environ. Res. Public Health 2018, 15, 1018. [Google Scholar] [CrossRef] [PubMed]

	



Kalimeri, M.; Leek, F.; Wang, N.X.; Koh, H.R.; Roy, N.C.; Cameron-Smith, D.; Kruger, M.C.; Henry, C.J.; Totman, J.J. Association of Insulin Resistance with Bone Strength and Bone Turnover in Menopausal Chinese-Singaporean Women without Diabetes. Int. J. Environ. Res. Public Health 2018, 15, 889. [Google Scholar] [CrossRef] [PubMed]

	



Cabrera, D.; Kruger, M.; Wolber, F.M.; Roy, N.C.; Totman, J.J.; Henry, C.J.; Cameron-Smith, D.; Fraser, K. Association of Plasma Lipids and Polar Metabolites with Low Bone Mineral Density in Singaporean-Chinese Menopausal Women: A Pilot Study. Int. J. Environ. Res. Public Health 2018, 15, 1045. [Google Scholar] [CrossRef] [PubMed]

	



Goshtasebi, A.; Berger, C.; Barr, S.I.; Kovacs, C.S.; Towheed, T.; Davison, K.S.; Prior, J.C. Adult Premenopausal Bone Health Related to Reproductive Characteristics-Population-Based Data from the Canadian Multicentre Osteoporosis Study (CaMos). Int. J. Environ. Res. Public Health 2018, 15, 1023. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; Konishi, C.; Hitchcock, C.L.; Kingwell, E.; Janssen, P.; Cheung, A.P.; Fairbrother, N.; Goshtasebi, A. Does Molimina Indicate Ovulation? Prospective Data in a Hormonally Documented Single-Cycle in Spontaneously Menstruating Women. Int. J. Environ. Res. Public Health 2018, 15, 1016. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; 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, e0134473. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Li, D.; Hitchcock, C.L.; Barr, S.I.; Yu, T.; Prior, J.C. Negative Spinal Bone Mineral Density Changes and Subclinical Ovulatory Disturbances—Prospective Data in Healthy Premenopausal Women with Regular Menstrual Cycles. Epidemiol. Rev. 2014, 36, 147. [Google Scholar] [CrossRef] [PubMed]

	



Wong, E.M.M.; Tomlinson, G.; Pinto, M.M.; Berger, C.; Cheung, A.M.; Prior, J.C. Women’s Mid-Life Night Sweats and 2-Year Bone Mineral Density Changes: A Prospective, Observational Population-Based Investigation from the Canadian Multicentre Osteoporosis Study (CaMos). Int. J. Environ. Res. Public Health 2018, 15, 1079. [Google Scholar] [CrossRef] [PubMed]

	



Schweiger, J.U.; Schweiger, U.; Hüppe, M.; Kahl, K.G.; Greggersen, W.; Jauch-Chara, K.; Fassbinder, E. The Use of Antidepressive Agents and Bone Mineral Density in Women: A Meta-Analysis. Int. J. Environ. Res. Public Health 2018, 15, 1373. [Google Scholar] [CrossRef] [PubMed]

	



Moura, C.; Bernatsky, S.; Abrahamowicz, M.; Papaioannou, A.; Bessette, L.; Adachi, J.; Goltzman, D.; Prior, J.; Kreiger, N.; Towheed, T.; et al. Antidepressant use and 10-year incident fracture risk: The population-based Canadian Multicentre Osteoporosis Study (CaMoS). Osteoporos. Int. 2014, 25, 1473–1481. [Google Scholar] [CrossRef] [PubMed]

	



Richards, J.B.; Papaioannou, A.; Adachi, J.D.; Joseph, L.; Whitson, H.E.; Prior, J.C.; Goltzman, D. Effect of selective serotonin reuptake inhibitors on the risk of fracture. Arch. Intern. Med. 2007, 167, 188–194. [Google Scholar] [CrossRef] [PubMed]

	



Troy, K.L.; Mancuso, M.E.; Butler, T.A.; Johnson, J.E. Exercise Early and Often: Effects of Physical Activity and Exercise on Women’s Bone Health. Int. J. Environ. Res. Public Health 2018, 15, 878. [Google Scholar] [CrossRef] [PubMed]

	



Luc, M.; Corriveau, H.; Boire, G.; Filiatrault, J.; Beaulieu, M.-C.; Gaboury, I. Patient-Related Factors Associated with Adherence to Recommendations Made by a Fracture Liaison Service: A Mixed-Method Prospective Study. Int. J. Environ. Res. Public Health 2018, 15, 944. [Google Scholar] [CrossRef] [PubMed]

	



Brajic, T.S.; Berger, C.; Schlammerl, K.; Macdonald, H.; Kalyan, S.; Hanley, D.A.; Adachi, J.D.; Kovacs, C.S.; Prior, J.C. Combined hormonal contraceptives use and bone mineral density changes in adolescent and young women in a prospective population-based Canada-wide observational study. J. Musculoskelet. Neuronal. Interact. 2018, 18, 227–236. [Google Scholar] [PubMed]

	



Berger, C.; Goltzman, D.; Langsetmo, L.; Joseph, L.; Jackson, S.; Kreiger, N.; Tenenhouse, A.; Davison, K.S.; Josse, R.G.; Prior, J.C.; et al. Peak bone mass from longitudinal data: Implications for the prevalence, pathophysiology, and diagnosis of osteoporosis. J. Bone Miner. Res. 2010, 25, 1948–1957. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Langsetmo, L.; Hanley, D.A.; Prior, J.C.; Barr, S.I.; Anastassiades, T.; Towheed, T.; Goltzman, D.; Morin, S.; Poliquin, S.; Kreiger, N. Dietary patterns and incident low-trauma fractures in postmenopausal women and men aged ≥50 y: A population-based cohort study. Am. J. Clin. Nutr. 2011, 93, 192–199. [Google Scholar] [CrossRef] [PubMed]

	



Langsetmo, L.; Hitchcock, C.L.; Kingwell, E.J.; Davison, K.S.; Berger, C.; Forsmo, S.; Zhou, W.; Kreiger, N.; Prior, J.C. 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, 401–408. [Google Scholar] [CrossRef] [PubMed]

	



Johansson, H.; Kanis, J.A.; Oden, A.; McCloskey, E.; Chapurlat, R.D.; Christiansen, C.; Cummings, S.R.; Diez-Perez, A.; Eisman, J.A.; Fujiwara, S.; et al. A meta-analysis of the association of fracture risk and body mass index in women. J. Bone Miner. Res. 2014, 29, 223–233. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; Seifert-Klauss, V.R.; Giustini, D.; Adachi, J.D.; Kalyan, S.; Goshtasebi, A. Estrogen-progestin therapy causes a greater increase in spinal bone mineral density than estrogen therapy—A systematic review and meta-analysis of controlled trials with direct randomization. J. Musculoskelet. Neuronal. Interact. 2017, 17, 146–154. [Google Scholar] [PubMed]

	



Eastell, R.; Walsh, J.S. Is it time to combine osteoporosis therapies? Lancet 2013, 382, 5–7. [Google Scholar] [CrossRef]







© 2018 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijerph-15-01929


  
    		
      ijerph-15-01929
    


  




  





media/file0.png





