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                    Abstract
Higher perceived age (PA) is reported to be associated with age-related diseases. Because osteoporosis is considered an age-related disease, we hypothesized that age perceived from photographs is associated with bone mineral density (BMD)/trabecular bone score (TBS) when controlled for chronological age. This is a cross-sectional study of 460 women aged 25–93 years. BMD/TBS was measured. Twenty physicians assessed age from facial and whole-body photographs. Residual PA (RPACA) was calculated from the regression of PA on chronological age. Participants were divided into “looking old” (LO) or “looking young” (LY). Linear mixed models and general linear models fitted with BMD/TBS as outcome and either RPACA or LO/LY as an independent variable, considering chronological age. Estimates of RPACA were all negative; i.e., an increase in RPAC is associated with lower BMD, consistent with the hypothesis (e.g., β −0.29 %; 95 % confidence interval (CI) 0.55, 0.03). Statistical significance of the association of age-adjusted facial RPACA with BMD was found. Adjusted for body mass index (BMI), menopause, and hormone replacement therapy, higher RPACA from all photographic presentations were significantly associated with lower BMD based on statistical significance. BMD/TBS was in all analyses higher in the group LY compared with LO, when adjusted for age and BMI (e.g., β 4.37 %; 95 CI 0.62, 8.26), but statistical significance was obtained only from the BMD analyses. A higher PA was significantly associated with a lower BMD/TBD, and the size of association in older women indicates that it might have value as part of the clinical assessment of osteoporotic risk.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Gender comparison of factors associated with age-related differences in bone mineral density
                                        
                                    

                                    
                                        Article
                                        
                                         04 August 2015
                                    

                                

                                Hrafnhildur L. Runolfsdottir, Gunnar Sigurdsson, … Olafur S. Indridason

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Self-perceived Fracture Risk in the Global Longitudinal Study of Osteoporosis in Women: Its Correlates and Relationship with Bone Microarchitecture
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 March 2020
                                    

                                

                                A. E. Litwic, L. D. Westbury, … E. M. Dennison

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Perceived Age as a Mortality and Comorbidity Predictor: A Systematic Review
                                        
                                    

                                    
                                        Article
                                        
                                         01 June 2022
                                    

                                

                                Francisco R. Avila, Ricardo A. Torres-Guzman, … Antonio J. Forte

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ashcroft GS, Dodsworth J, van Boxtel E, Tarnuzzer RW, Horan MA, Schultz GS et al (1997) Estrogen accelerates cutaneous wound healing associated with an increase in TGF-beta1 levels. Nat Med 3(11):1209–1215
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Borkan GA, Bachman SS, Norris AH (1982) Comparison of visually estimated age with physiologically predicted age as indicators of rates of aging. Soc Sci Med 16(2):197–204
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bulpitt CJ, Markowe HL, Shipley MJ (2001) Why do some people look older than they should? Postgrad Med J 77(911):578–581
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Christensen K, Iachina M, Rexbye H, Tomassini C, Frederiksen H, McGue M et al (2004) “Looking old for your age”: genetics and mortality. Epidemiology 15(2):251–252
Article 
    PubMed 
    
                    Google Scholar 
                

	Christensen K, Doblhammer G, Rau R, Vaupel JW (2009a) Ageing populations: the challenges ahead. Lancet 374(9696):1196–1208
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Christensen K, Thinggaard M, McGue M, Rexbye H, Hjelmborg JV, Aviv A et al (2009b) Perceived age as clinically useful biomarker of ageing: cohort study. BMJ 339:b5262 (Clinical research ed)
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Cicchetti DV (1981) Developing criteria for establishing interrater reliability of specific items: applications to assessment of adaptive behavior. Am J Ment Defic 86(2):127–137
PubMed 
    CAS 
    
                    Google Scholar 
                

	Drzal-Grabiec J, Snela S, Rykala J, Podgorska J, Banas A (2013) Changes in the body posture of women occurring with age. BMC Geriatr 13:108
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dufour R, Winzenrieth R, Heraud A, Hans D, Mehsen N (2013) Generation and validation of a normative, age-specific reference curve for lumbar spine trabecular bone score (TBS) in French women. Osteoporos Int 24(11):2837–2846
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Ettinger B, Black DM, Palermo L, Nevitt MC, Melnikoff S, Cummings SR (1994) Kyphosis in older women and its relation to back pain, disability and osteopenia: the study of osteoporotic fractures. Osteoporos Int 4(1):55–60
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Finkelstein JS, Brockwell SE, Mehta V, Greendale GA, Sowers MR, Ettinger B et al (2008) Bone mineral density changes during the menopause transition in a multiethnic cohort of women. J Clin Endocrinol Metab 93(3):861–868
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Gunn DA, Murray PG, Tomlin CC, Rexbye H, Christensen K, Mayes AE (2008) Perceived age as a biomarker of ageing: a clinical methodology. Biogerontology 9(5):357–364
Article 
    PubMed 
    
                    Google Scholar 
                

	Guyuron B, Rowe DJ, Weinfeld AB, Eshraghi Y, Fathi A, Iamphongsai S (2009) Factors contributing to the facial aging of identical twins. Plast Reconstr Surg 123(4):1321–1331
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C, Stenmark J et al (2013) Osteoporosis in the European Union: medical management, epidemiology and economic burden. A report prepared in collaboration with the International Osteoporosis Foundation (IOF) and the European Federation of Pharmaceutical Industry Associations (EFPIA). Arch Osteoporos 8(1–2):136
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Iki M, Tamaki J, Kadowaki E, Sato Y, Dongmei N, Winzenrieth R et al (2014) Trabecular bone score (TBS) predicts vertebral fractures in Japanese women over 10 years independently of bone density and prevalent vertebral deformity: the Japanese Population-Based Osteoporosis (JPOS) cohort study. J Bone Miner Res Off J Am Soc Bone Miner Res 29(2):399–407
Article 
    
                    Google Scholar 
                

	Johnell O (1997) The socioeconomic burden of fractures: today and in the 21st century. Am J Med 103(2A):20S–25S, discussion 5S-6S
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Johnell O, Kanis JA (2006) An estimate of the worldwide prevalence and disability associated with osteoporotic fractures. Osteoporos Int 17(12):1726–1733
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kanda N, Watanabe S (2004) 17beta-estradiol stimulates the growth of human keratinocytes by inducing cyclin D2 expression. J Investig Dermatol 123(2):319–328
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kannus P, Niemi S, Parkkari J, Palvanen M, Vuori I, Jarvinen M (1999) Hip fractures in Finland between 1970 and 1997 and predictions for the future. Lancet 353(9155):802–805
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kido M, Kohara K, Miyawaki S, Tabara Y, Igase M, Miki T (2012) Perceived age of facial features is a significant diagnosis criterion for age-related carotid atherosclerosis in Japanese subjects: J-SHIPP study. Geriatr Gerontol Int 12(4):733–740
Article 
    PubMed 
    
                    Google Scholar 
                

	Krueger D, Fidler E, Libber J, Aubry-Rozier B, Hans D, Binkley N (2014) Spine trabecular bone score subsequent to bone mineral density improves fracture discrimination in women. J Clin Densitom 17(1):60–65
Article 
    PubMed 
    
                    Google Scholar 
                

	Looker A, Borrud L, Hughes J. Lumbar spine and proximal femur bone mineral density, bone mineral content, and bone area: United States, 2005–2008. National Center for Health Statistics. . Vital Health Statistics. 2012;11(251)

	Mandema JW, Zheng J, Libanati C, Perez Ruixo JJ (2014) Time course of bone mineral density changes with denosumab compared with other drugs in postmenopausal osteoporosis: a dose–response-based meta-analysis. J Clin Endocrinol Metab 99(10):3746–3755
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mayes AE, Murray PG, Gunn DA, Tomlin CC, Catt SD, Wen YB et al (2010) Environmental and lifestyle factors associated with perceived facial age in Chinese women. PLoS One 5(12), e15270
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Mika A, Unnithan VB, Mika P (2005) Differences in thoracic kyphosis and in back muscle strength in women with bone loss due to osteoporosis. Spine 30(2):241–246
Article 
    PubMed 
    
                    Google Scholar 
                

	Nielsen BR, Linneberg A, Bendix L, Harboe M, Christensen K, Schwarz P (2015) Association between leukocyte telomere length and bone mineral density in women 25–93 years of age. Exp Gerontol 66:25–31
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Noordam R, Gunn DA, Tomlin CC, Rozing MP, Maier AB, Slagboom PE et al (2012) Cortisol serum levels in familial longevity and perceived age: the Leiden longevity study. Psychoneuroendocrinology 37(10):1669–1675
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Noordam R, Gunn DA, Tomlin CC, Maier AB, Mooijaart SP, Slagboom PE et al (2013) High serum glucose levels are associated with a higher perceived age. Age (Dordr) 35(1):189–195
Article 
    CAS 
    
                    Google Scholar 
                

	Olde Rikkert MG (1999) Visual estimation of biological age of elderly subjects: good interrater agreement. Gerontology 45(3):165–167
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Pothuaud L, Barthe N, Krieg MA, Mehsen N, Carceller P, Hans D (2009) Evaluation of the potential use of trabecular bone score to complement bone mineral density in the diagnosis of osteoporosis: a preliminary spine BMD-matched, case–control study. J Clin Densitom 12(2):170–176
Article 
    PubMed 
    
                    Google Scholar 
                

	Rexbye H, Petersen I, Johansens M, Klitkou L, Jeune B, Christensen K (2006) Influence of environmental factors on facial ageing. Age Ageing 35(2):110–115
Article 
    PubMed 
    
                    Google Scholar 
                

	Roux JP, Wegrzyn J, Boutroy S, Bouxsein ML, Hans D, Chapurlat R (2013) The predictive value of trabecular bone score (TBS) on whole lumbar vertebrae mechanics: an ex vivo study. Osteoporos Int 24(9):2455–2460
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sherertz EF, Hess SP (1993) Stated age. N Engl J Med 329(4):281–282
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Silva BC, Bilezikian JP (2014) Trabecular bone score: perspectives of an imaging technology coming of age. Arq Bras Endocrinol Metabol 58(5):493–503
Article 
    PubMed 
    
                    Google Scholar 
                

	Sinaki M, Khosla S, Limburg PJ, Rogers JW, Murtaugh PA (1993) Muscle strength in osteoporotic versus normal women. Osteoporos Int 3(1):8–12
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tang NL, Woo J, Suen EW, Liao CD, Leung JC, Leung PC (2010) The effect of telomere length, a marker of biological aging, on bone mineral density in elderly population. Osteoporos Int 21(1):89–97
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Theodorou DJ, Theodorou SJ (2002) Dual-energy X-ray absorptiometry in clinical practice: application and interpretation of scans beyond the numbers. Clin Imaging 26(1):43–49
Article 
    PubMed 
    
                    Google Scholar 
                

	Urano R, Sakabe K, Seiki K, Ohkido M (1995) Female sex hormone stimulates cultured human keratinocyte proliferation and its RNA- and protein-synthetic activities. J Dermatol Sci 9(3):176–184
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	van der Klift M, de Laet CE, McCloskey EV, Johnell O, Kanis JA, Hofman A et al (2004) Risk factors for incident vertebral fractures in men and women: the Rotterdam study. J Bone Miner Res Off J Am Soc Bone Miner Res 19(7):1172–1180
Article 
    
                    Google Scholar 
                


Download references




Acknowledgments
The authors thank all age assessors and participants who took part in this study. Furthermore, the authors thank Anne-Sophie Schwarz, student assistant, for the data entry and Julie Lyng Forman, associate professor at the University of Copenhagen, Department of Public Health, Statistics section, for the statistical assistance.

                Author contributions

                Study design: PS, BRN, and KC; study conduct: BRN and PS; data collection: BRN; data analysis: BRN; data interpretation: BRN, PS, KC, and AL; drafting manuscript: BRN; revising manuscript content: BRN, AL, KC, and PS; and approving final version of manuscript: BRN, AL, KC, and PS. BRN takes responsibility for the integrity of the data analysis.

              
                Grant supporters

                This study was financially supported by the Lundbeck Foundation (donation of DXA scanner R7-A608-B486).

              

Author information
Authors and Affiliations
	Research Centre of Ageing and Osteoporosis, Departments of Endocrinology PE and Clinical Biochemistry, Rigshospitalet, Blegdamsvej and Glostrup, Copenhagen, Denmark
Barbara Rubek Nielsen & Peter Schwarz

	Department of Medicine, Geriatrics, Amager and Hvidovre Hospital Glostrup, Ndr. Ringvej 69 (North), 2600, Glostrup, Denmark
Barbara Rubek Nielsen

	Research Centre for Prevention and Health, the Capital Region of Denmark, Copenhagen, Denmark
Allan Linneberg

	Copenhagen University Hospital, Rigshospitalet, Glostrup, Denmark
Allan Linneberg

	Department of Clinical Medicine, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark
Allan Linneberg & Peter Schwarz

	Danish Research Centre of Ageing, University of Southern Denmark, Odense, Denmark
Kaare Christensen

	Department of Clinical Biochemistry and Pharmacology, Odense University Hospital, Odense, Denmark
Kaare Christensen

	Department of Clinical Genetics, Odense University Hospital, Odense, Denmark
Kaare Christensen


Authors	Barbara Rubek NielsenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Allan LinnebergView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kaare ChristensenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter SchwarzView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Barbara Rubek Nielsen.


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Nielsen, B.R., Linneberg, A., Christensen, K. et al. Perceived age is associated with bone status in women aged 25–93 years.
                    AGE 37, 106 (2015). https://doi.org/10.1007/s11357-015-9842-5
Download citation
	Received: 14 May 2015

	Accepted: 07 October 2015

	Published: 20 October 2015

	DOI: https://doi.org/10.1007/s11357-015-9842-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Bone mineral density
	Osteoporosis
	Posture
	Perceived age
	Aging








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.80.103.224
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    