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Response to Reviewers of Manuscript #MSSE-D-18-01158 entitled  

“Compositional influence of movement behaviours on bone health during ageing” 

 

We would like to thank the Reviewers for their constructive review of our manuscript. 

We have revised our manuscript in depth following their comments, which we think have 

contributed to improve its overall quality and clarity. Changes/additions are highlighted 

(yellow background) in the revised manuscript.  

Please see our point-by-point response below.   

 

 

Reviewer #1:  

I'm excited to see this CODA analysis represented in MSSE. This is a novel application 

of CODA analysis in an area where these techniques have likely not been applied before. 

The authors correctly point out that time spent sedentary, light, and moderate/vigorous 

physical activity are all interdependent, and their application of CODA methods seems 

appropriate and novel. 

Comment much appreciated. Thank You. 

Overall the authors are to be commended for presenting novel methods in a format 

appropriate for the MSSE audience. My (fairly minor) comments/recommendations are: 

 

Sampling Limitation 

1. As with many longitudinal studies, per lines 92-100, this manuscript involves a sub-

sample of a much larger-n study due to loss to follow-up and other factors. The potential 

n started at 581, but due to lack of follow-up data or lack of accelerometer data, ultimately 

the sample size dwindled down to less than half of that. The authors clearly state this, 

Response to Reviewers (Revised Manuscripts)



however it should also be included in the study limitations section at the end of the 

manuscript, as I feel that the reader needs this reminder. 

We agree with the Reviewer that this is an important aspect that should be remembered 

to the reader. For this reason, information about the sample size has been included in the 

limitation section (page 13, lines 327-330): “According to the sample size, this dwindled 

down to less than half of that due to lack of follow-up data or lack of accelerometer data, 

however we obtained in both waves the complete information related to PA, SB, body 

composition and other health indicators from a relatively large sample (n=227)”. Thank 

you. 

 

Separating of subjects into sub-groups 

2. In lines 119-127, the authors describe how they divided subjects into subgropus 

according to whether they experienced BM increases or decreases: “The rate of bone 

mass decay was used to categorise patients into two subgroups according to their bone 

decrease during the period between the baseline and the follow-up. Accordingly, older 

people were categorised as ''positive bone ageing'' at femoral neck if their rate of BMD 

decay was lower than 0.73 g·cm−2 year in men and lower than 0.83 g·cm−2/year in women. 

Likewise, all of them were categorised as ''positive bone ageing'' at spine if their BMD 

decrease was lower than 1.1 g·cm−2/year in men and lower than 0.79 g·cm−2/year in 

women; according to previous normative data in this population (7, 8, 19). Conversely, 

subjects were classified as "negative bone ageing" if their bone decreases were below 

these thresholds”. 

Is there justification for segmenting the subjects into these different groups (positive & 

negative bone aging) based on these specific BMD cut-points? What is the value of 

separating subjects into these sub-groups, since it seems that the primary aims of the 



research are to characterize the association of BMD changes with proportions of time 

spent in differing levels of activity. 

If these cut-offs are clinically relevant, then I suppose some may find them useful, but 

justification for the choice of the cut-points needs to be included in the manuscript. I 

personally do not find this sub-group dichotomization as a useful addition to the 

manuscript, and in some ways, think it overcomplicates the interpretation of the main 

findings. 

In effect, the primary aims of the research was to characterize the association of BMD 

changes with proportions of time spent in differing levels of activity. Even though, we 

also evaluated the sample in relation to this classification in order to know if this 

association differed if the subjects had an expected bone loss according to the literature 

or if, on the contrary, this bone decrease in the participants had been higher than the 

known one. Thus, these specific BMD cut-points were chosen because previous literature 

indicated that they were the normal bone mass decay produced by aging process itself. In 

our opinion, this dichotomization could provide some extra and useful information for 

some professionals; therefore, we have rewritten the Materials and methods section to 

better explain and justify this classification in page 5, lines 119-131: “Furthermore, the 

bone mass decay produced by aging process itself according to the previous literature 

was only used to categorise patients into two subgroups according to their bone decrease 

during the period between the baseline and the follow-up. Therefore, the differences 

between the subjects who had an expected bone loss according to the literature and the 

subjects with a higher bone loss than the known one can be compared. Accordingly, older 

people were categorised as ‘‘positive bone ageing’’ at femoral neck if their rate of BMD 

decay was lower than 0.73 g·cm−2/year in men (n=31) and lower than 0.83 g·cm−2/year 

in women (n=41). Likewise, all of them were categorised as ‘‘positive bone ageing’’ at 



spine if their BMD decrease was lower than 1.1 g·cm−2/year in men (n=52) and lower 

than 0.79 g·cm−2/year in women (n=61); according to previous normative data in this 

population (7, 8, 19). Conversely, subjects were classified as “negative bone ageing” if 

their bone decreases were over these thresholds (at femoral neck: men, n= 54, women, 

n=56; at spine: men, n=32, women, n=36)”. Thank you. 

 

Data Analysis 

3. Beginning on line 137… 

I'm excited to see this CODA analysis represented in MSSE. This is a novel application 

of CODA analysis in an area where these techniques have likely not been applied before. 

The authors correctly point out that time spent sedentary, light, and moderate/vigorous 

physical activity are all interdependent, and their application of CODA methods seems 

appropriate and novel. 

Overall the authors are to be commended for presenting novel methods in a format 

appropriate for the MSSE audience, though I admit that I found myself referencing the 

Chastin et. al paper initially (PLoS One. 2015; 10(10): e0139984) in order to more fully 

understand CODA methods. 

Thank you for these comments. We are aware that CODA methods are complicated and 

sometimes it is necessary to read more about this specific analysis. The Chastin et. al 

paper (PLoS One. 2015; 10(10): e0139984) has been recommended in our manuscript to 

better understand the analysis in page 6, lines 144-147: “To do this we used compositional 

methods, which have been outlined as applied to cross-sectional PA and SB data by 

Chastin and colleagues (13); the complete information and justification to more fully 

understand this methodology has also been described in the mentioned study”. Thank 

you. 



 

 

Some minor suggestions 

4. Clean up sentence in lines 173/4… "whole sample" is stated twice in the same sentence, 

and the sentence is rather awkward. I think the authors mean to say "The rates of change 

in bone mass at the fem neck and spine are represented in Figs 1 (whole sample), 2 (men 

only), and 3 (women only)." None of the additional text seems helpful. 

Done. The mistake has been corrected. Thank you.  

 

5. Similarly, the wording in lines 175-177 is clunky. Some word-something will clean 

this up so the reader appreciates what the authors are trying to point out. Something like… 

"Men and women decreased time spent in SB and increased time in MVPA…" 

Done. We agree with the Reviewer that the meaning of the sentence is not understandable. 

The sentence has been rewritten. Thank you 

 

6. Around line 175… I'm unclear what they mean by "older people," as the entire sample 

is >65? 

Done. In this case, we are referring to the whole sample because the entire sample is >65 

years. We have changed the expressions using “whole sample” to avoid any 

misunderstandings. Thank you. 

 

7. Around line 176/177 I'm also unclear on who they are comparing the men, women, and 

older people to when they say "compared to the entire sample." I believe males and 

females (all of whom are >65) comprise the entire sample… so who are they comparing 

them when they reference these figures? 



These comparisons were made using compositional geometric mean barplots of the 

changes in the proportions of time, which were also generated to display the changes in 

the movement behaviour profiles. These graphs provide compositional descriptive 

statistics, where the relative distribution of times for each group is presented as the log-

ratio between the group compositional mean (positive bone ageing or negative bone 

ageing in our case) and the overall compositional mean or the entire sample (whole 

sample, men or women) after centring the data according to Chastin et al. (2015) protocol. 

More specifically, Chastin and Palarea-Albaladejo (2015) explains these graphs as 

follows: “A composition can be represented in standard barplots, however, in order to 

appreciate the co-dependence between parts and emphasize the relative differences 

between subgroups of interest, we can use what can be called a compositional geometric 

mean barplot by group. We first centre the data set by dividing each composition by the 

overall mean composition given by cen (part by part) and applying the closure operator 

to the result. This calculation is equivalent to the one usually carried out with ordinary 

data by subtracting the mean and making the data set to have zero mean. With 

compositional data the centre of the simplex is located at the point where all parts contain 

the same relative amount”.  

More information about the method has been included in Data Analysis (pages 6 and 7, 

lines 154-160): “Compositional geometric mean barplots were also generated to display 

the changes in the movement behaviour profiles. In these graphs, the relative distribution 

of times for each group is presented as the log-ratio between the group compositional 

mean (positive bone ageing or negative bone ageing at femoral neck and spine) and the 

overall compositional mean or the entire sample (whole sample, men or women) after 

centring the data according to Chastin et al. (2015) protocols (13)”. 

 



Tables 

8. Table 3: 

While the table legends explain this, the table would benefit by appropriate labels. Label 

the sub-tables "A: Whole Sample" B: Men only" "C: Women Only" That small amount 

of additional text goes a long way towards quickly understanding what is being presented. 

Done. Thank you so much for the appreciation. 

 

Figures 

9. While the figure legends explain this, the figures themselves would benefit by 

appropriate labels. For example: "A: Femoral Neck" and "B: Spine". That small amount 

of additional text goes a long way towards quickly understanding what is being presented. 

Done. Thank you so much for the appreciation. 

 

10. Y-axes need to be labeled too so that we know what we're looking at, and the font 

needs to be larger. 

Done. Thank you. 

 

11. Having a visible X-axis instead of a legend would be cleaner and would negate the 

need for a legend and for colors (patterns might also be a good substitute for colors if the 

authors prefer) 

In spite of the fact that we have made the changes in relation to the X-axis, we believe 

that in this case it is appreciated in a clearer and simpler way with the use of colors 

(example by comparing both options below). However, we are willing to apply the change 

suggested if he/she still considers that it is more appropriate.  



 

 

 

 



12. The geometric mean bars lack a relevant measure of dispersion. I believe dispersion 

for these bars would be the log-ratios? 

Yes. In this type of graphs, as they consist of log-ratio, measure of dispersion does not 

appear; similarly to the first graphs created by Chastin (2015). Thank you.  

 

13. I'm confused why "positive" and "negative" bone aging categories were created in the 

first place. 

These graphs provide descriptive information about the changes in the different profiles 

for each category, whose importance has been explained before (point 2). Thank you. 

 

 

 

 

Reviewer #2:  

The manuscript examined the relationship between change of bone mass with physical 

activity in a cohort of older people. The main strength of this study is the longitudinal 

design. The study also used some innovative analysis methods. 

Thank you for your comment. 

 

General comments 

1. I understand from page 5 line 118 how the longitudinal change of BMD and BMC was 

calculated. What I am not sure is whether the authors used the actual value or absolute 

value in the following analysis. From what was written between line 122 and 127, it seems 

that the absolute value was used as the word "BMD decay" was used, and this decay (as 

a positive number) was compared with another positive number of a threshold, e.g. 0.73 



g.cm-2/year. If this is the case, then the results in Table 3 suggest that the authors used 

the actual value in the regression analysis. Otherwise the results just don't make sense 

because it will mean that an increase in MVPA relative to the change in other movement 

behavior will induce a decrease in BMD at leg and spine (because the manuscript said 

that MVPA and bone decay was positively associated in line 188). I think that this issue 

should be made more clear in both Methods and Results sections. 

Thank you for your comment. We agree with the Reviewer that this specific point of the 

data analysis should be better explained in our study. Therefore, we have rewritten both 

the Materials and methods and Results sections in order to improve and clarify the 

manuscript. Materials and methods (page 5, lines 116-131) now read as: However, we 

used the rate of longitudinal changes of these variables for the CODA analyses *Equation 

here*. 

Furthermore, the bone mass decay produced by aging process itself according to the 

previous literature was only used to categorise patients into two subgroups according to 

their bone decrease during the period between the baseline and the follow-up. Therefore, 

the differences between the subjects who had an expected bone loss according to the 

literature and the subjects with a higher bone loss than the known one can be compared. 

Accordingly, older people were categorised as ‘‘positive bone ageing’’ at femoral neck 

if their rate of BMD decay was lower than 0.73 g·cm−2/year in men (n=31) and lower 

than 0.83 g·cm−2/year in women (n=41). Likewise, all of them were categorised as 

‘‘positive bone ageing’’ at spine if their BMD decrease was lower than 1.1 g·cm−2/year 

in men (n=52) and lower than 0.79 g·cm−2/year in women (n=61); according to previous 

normative data in this population (7, 8, 19). Conversely, subjects were classified as 

“negative bone ageing” if their bone decreases were over these thresholds (at femoral 

neck: men, n= 54, women, n=56; at spine: men, n=32, women, n=36)”. Results (page 8, 



lines 198-199): “The CODA models obtained through the rate of longitudinal changes 

are reported in Table 3 for the whole sample, men and women, respectively”. Thank you. 

 

2. The manuscript categorized participants into 'positive or negative bone ageing' group. 

This is a very interesting concept. However, it is unclear what the clinical relevance of 

this categorization is. I think this should be discussed in the Discussion section. 

Done. According to the reviewer’s suggestion, we have included some information in 

both the Materials and methods and Discussion sections to explain the relevance of this 

categorization. Materials and methods (page 5, lines 119-131): “Furthermore, the bone 

mass decay produced by aging process itself according to the previous literature was 

only used to categorise patients into two subgroups according to their bone decrease 

during the period between the baseline and the follow-up. Therefore, the differences 

between the subjects who had an expected bone loss according to the literature and the 

subjects with a higher bone loss than the known one can be compared. Accordingly, older 

people were categorised as ‘‘positive bone ageing’’ at femoral neck if their rate of BMD 

decay was lower than 0.73 g·cm−2/year in men (n=31) and lower than 0.83 g·cm−2/year 

in women (n=41). Likewise, all of them were categorised as ‘‘positive bone ageing’’ at 

spine if their BMD decrease was lower than 1.1 g·cm−2/year in men (n=52) and lower 

than 0.79 g·cm−2/year in women (n=61); according to previous normative data in this 

population (7, 8, 19). Conversely, subjects were classified as “negative bone ageing” if 

their bone decreases were over these thresholds (at femoral neck: men, n= 54, women, 

n=56; at spine: men, n=32, women, n=36)”. Discussion (page 10, lines 242-251): “These 

differences between the subgroups depending on the bone ageing, they have an important 

clinical relevance due to the fact that osteoporosis and bone problems have a strong 

association with the increase of morbidity and mortality (3,4). Furthermore, given that 



the prevalence of older people is continuously increasing, improving the quality of life of 

this population acquires a higher relevance. Poor health can lead to problems of physical 

function and dependence, which can cause a general worsening of health. In this sense, 

a deterioration in bone health can even lead to an increase in the frailty status, since 

osteoporosis and the decrease in bone mass are included in the cycle of frailty, as Fried 

(2001) already indicated (29)”. Thank you.  

 

3. I am interested to know whether the authors have done any statistical analysis to 

compare the difference on the changes in proportions of time between these two groups 

(e.g. results in Fig 1, 2, and 3). 

In this case, the figures have been created through compositional geometric mean 

barplots, which provide compositional descriptive statistics, where the relative 

distribution of times for each group is presented as the log-ratio between the group 

compositional mean (positive bone ageing or negative bone ageing in our case) and the 

overall compositional mean or the entire sample (whole sample, men or women) after 

centring the data Chastin et al. (2015). Therefore, the difference between both groups is 

not studied statistically with this kind of graphs. Thank you. 

 

4. I think it may also be interesting to compare the absolute proportions of time between 

the positive and negative ageing group at baseline to see which type of behavior is more 

likely to be in the positive bone ageing group. This analysis, combined with the analysis 

on the changes (fig 1, 2, and 3) may be able to provide more insights. 

We agree with the Reviewer that this comparation may be able to provide more insights. 

For this reason, we analised the absolute proportions of time between the positive and 

negative ageing group at baseline following the reviewer suggestion. In summary, we 



only found statistical differences in the women subgroup when we studied the LPA 

(42.35% the women with positive bone ageing at femoral neck vs. 46.62% the women 

with negative bone ageing at femoral neck). More specifically, women with positive bone 

ageing at femoral neck decreased 0.38% the time spent in LPA against the 1.28% that 

decreased the women with negative bone ageing at femoral neck. According to these data, 

we have included an additional table (supplementary table 1) and more information in the 

Results and Discussion sections. Results (pages 7-8, lines 181-183): “Similarly, the 

absolute proportions of time spent in each movement behaviour between the subgroups 

with positive and negative bone ageing at baseline are shown in Supplemental Table 1”. 

Discussion (page 12, lines 286-291): “Similarly, the important effect of LPA could also 

be showed when we compared the subgroups depending on the bone ageing at femoral 

neck. In spite of the fact that at baseline the subgroup with negative bone ageing spent 

significantly more time in LPA that the women with bone ageing, the higher decreased of 

LPA during the 4 years of follow-up of this subgroup (1.28% vs. 0.38%) produced that 

these women increased the bone mass decay”. Thank you.  

 

5. When the model p value was less than 0.05 in Table 3, it was said that 'The change in 

the composition of movement behavior as a whole in the complete sample ….'. Could the 

authors clarify what 'change in the composition of movement behavior as a whole' means? 

Does it mean the combination of the computed ilr-variables? If that is case, what is the 

actual physical meaning or clinical implication of this composition? 

“The change in the composition of movement behaviour as a whole” refers to the 

combination of the computed ilr-variables. The implication or importance of this 

composition lies in the fact that time within a 24-h period is finite; thus, time spent in 

different movement behaviours are intrinsically collinear and co-dependent (Chastin, 



2015 and Pedisić, 2014); as more time spent in one behaviour necessarily decreases the 

time spent in another behaviour. For these reasons and for a real understanding of the 

relation between physical activity and bone mass, it is necessary to know how the time is 

distributed and to study all the movement behaviours as a whole variable. Information 

about this issue is now included in lines 74-78 of the reviewed manuscript 

(“Introduction”): “Therefore, it is essential to know how the time spent in PA is 

distributed, as the time within a 24-h period is finite and time spent in each movement 

behaviour is intrinsically collinear and co-dependent (13, 14). Consequently, waking 

hours are made up of a sequence of periods of sedentary behaviour (SB), light PA (LPA) 

and moderate-to-vigorous PA (MVPA)”. Thank you.  

 

6. In some cases, the model p value was larger than 0.05, but one of the coefficient of the 

independent variables (e.g. MVPA) was significant. This would mean that change as a 

whole does not have association, but change of one component has. But a change in one 

component would certainly induce the change as a whole as the whole is just the 

combination of the individual components. So why one is significant but another is not? 

I think the authors should discuss about this in the manuscript. 

When the model p value is larger than 0.05, it is correct that it does not have association. 

Nevertheless, we still can find that a change in one component has a significant 

association. This is still possible because the association of one component depends on 

the other components in this specific type of analysis (opposite to traditional linear 

regressions)  but, the change in these other components is not produced in the specific 

way that will produce that the model become significant  For instance, if a model is 

significant it means that the three movements produce an association when they change 

in this specific way (i.e. to decrease the time spent in SB, to maintain the time spent in 



LPA and to increase the time spent in MVPA). However, if for example only MVPA 

relative to the other movement behaviours is significant associated, it means that despite 

the fact that MVPA must be in this direction the other movement behaviours changes are 

not. The same happens in other previous CODA studies showing similar results than us, 

as it is the case of Chastin et al. (2015) which includes models that are not significantly 

associated while one of the component of this model remain significant as we observed, 

To better explain this issue, the Data analysis includes now some extra information in 

page 7/Lines 162-168: “The complete models examined whether there was a statistically 

significant association between the changes in the composition of all movement 

behaviours as a whole variable and each body site. Moreover, the first coefficient and its 

p-value for each rotated model was used to determine if the individual changes in the 

movement behaviour was significantly positively or negatively associated with body site 

relative to the changes in the time spent in the other movement behaviours (Chastin et al. 

2015)”. Thank you.  

 

Specific comments 

7. Page 2 line 47: 'bone rate of change' should be 'rate of bone change' 

Done. Corrected. Thank you. 

 

8. Page 3 line 67: what does it mean by '21 less compared to the value at age 20'? 

In this sentence the percentage is missing. Now it reads as: “21% less compared to the 

value at age 20”. Thank you.  

 

9. Page 5 line 127: 'below' should be 'over' as you are using absolute value here? 

Done. The word has been changed. Thank you. 



 

10. Page 6 line 147: the formula within the bracket does not seem to reflect what was said 

in the text between line 144 and line 146. Please clarify. 

The formula within the brackets was not correct and it has been removed. Thank you. 

 

11. Page 7 line 162: I don't think it is necessary to do a statistical analysis on the increase 

of age 

Done. It has been removed. Thank you.  

 

12. Page 7 line 175-179: how many people were in positive bone ageing group? How 

many in negative bone ageing group? 

-Whole sample: positive bone ageing at spine: 113 – negative bone ageing at spine: 68 

positive bone ageing at femoral neck: 72 – negative bone ageing at femoral neck: 110 

-Men: positive bone ageing at spine: 52 – negative bone ageing at spine: 32 

positive bone ageing at femoral neck: 31 – negative bone ageing at femoral neck: 54 

-Women: positive bone ageing at spine: 61 – negative bone ageing at spine: 36 

positive bone ageing at femoral neck: 41 – negative bone ageing at femoral neck: 56 

This information has been included in page 5, line 124-131 of the Materials and methods 

section. Than you.  

 

13. Page 8 line 181: 'both' should be deleted 

Done. Thank you.  

 

14. Page 8 line 189: 'bone mass decay', please see my general comment 1 

Done. Thank you.  



 

15. Page 8 line 192, 194: 'decay', please see my general comment 1 

Done. Thank you.  

 

16. Page 8 line 192, 194, 195: are these results for female only? 

Yes, it has been clarified in this section. Thank you.  

 

17. Page 10 line 237: The use of 'this study' is a bit confusing. Do you mean the study 

conducted by Shephard et al? 

Yes, it has been specified. Thank you.  

 

18. Page 10 line 251: 'this study' is confusing. 

It has been specified. Thank you. 

 

19. Page 17 line 458, 461, 469, 472, 481, 484: 'below' should be 'over'? 

Corrected. Thank you. 

 

 

On behalf of all coauthors, many thanks for this opportunity to improve the quality of our 

manuscript. Despite we are aware that the number of published studies including 

compositional analysis is still reduced, an important increase during the last years has 

occurred in different areas (material sciences, genetics, physics,…). Thus, in that regard 

we have made our best to try to follow the editor/reviewer suggestions for improving as 

much as possible the manuscript.  
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Abstract 32 

Introduction and Purpose: Physical activity (PA) is considered the best non-33 

pharmacological treatment for the decrease in bone mass (BM) produced during ageing. 34 

Therefore, it is essential to assess how the time spent in PA is distributed in order to 35 

control further changes. This work examines the relationship between movement 36 

behaviours and BM during ageing, using compositional data analysis. 37 

Methods: We studied 227 older people aged 65 to 94 (102 men and 125 women) divided 38 

by sex and bone status, over a period of 4 years. Time spent in sedentary behaviour (SB), 39 

light PA (LPA) and moderate-to-vigorous PA (MVPA), was assessed using 40 

accelerometry. BM was determined by dual-energy X-ray absorptiometry. 41 

Results: The changes in MVPA was positively associated with the rate of BM decay at 42 

spine and leg in the whole sample and men’s subgroup (p≤0.05). In women, the rate of 43 

BM decay at spine and Ward’s triangle were negatively associated with SB changes and 44 

BM decay at femoral neck and Ward’s was positively associated with LPA (p≤0.05). 45 

Conclusion: Increasing MVPA related to other movement behaviours produces 46 

improvements in the rate of bone change in older men; while to increase LPA and 47 

maintain MVPA would be the best approach to enhance bone mass in older women. 48 
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Introduction 57 

One of the main consequences of the ageing process is the decrease in bone mass which 58 

is largely determined by heredity and different factors [i.e. age, nutrition, physical activity 59 

(PA), etc] (1, 2). Thus, osteoporosis and bone fractures have become one of the major 60 

worldwide health issues given their relationship to increased mortality and morbidity (3-61 

5). The pattern of bone mass decrease is similar in men and women before 50 years of 62 

age, but after this, the two become very different, a circumstance which is mainly 63 

attributed to the menopause (6). By age 70, on average, normal women exhibit about a 64 

20% decrease in spinal bone mineral density (BMD) compared to young women and, a 65 

25% decrease in femoral neck BMD (7). In the male population, the femoral neck shows 66 

a smaller loss (21% less compared to the value at age 20). The trochanter site, like the 67 

spine, shows only a slight reduction with age (8, 9).  68 

PA is considered one of the best non-pharmacological therapies for osteoporosis 69 

treatment, in addition to fall prevention and nutritional supplements (10, 11). 70 

Consequently, a comprehensive assessment of bone loss over time and evaluation of the 71 

effects of PA are important in order to characterise the pattern of bone loss with ageing, 72 

better identify populations at risk for osteoporosis (12) and assess the effects of this 73 

countermeasure. Therefore, it is essential to know how the time spent in PA is distributed, 74 

as the time within a 24-h period is finite and time spent in each movement behaviour is 75 

intrinsically collinear and co-dependent (13, 14). Consequently, waking hours are made 76 

up of a sequence of periods of sedentary behaviour (SB), light PA (LPA) and moderate-77 

to-vigorous PA (MVPA). 78 

 79 

To our knowledge, few studies have looked at the effect of PA longitudinally and none 80 

have accounted for the waking hours movement behaviour distribution. Therefore, the 81 
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aim of this study was to examine the relationship between the changes in movement 82 

behaviours and bone health in elderly during ageing, using a compositional data analysis 83 

(CODA) and differentiating men and women. The hypothesis was that the longitudinal 84 

changes in movement behaviours could have a beneficial effect on bone health regardless 85 

of sex. 86 

 87 

 88 

Materials and methods 89 

Study sample and design  90 

The sample was recruited as part of the Toledo Study for Healthy Ageing (TSHA) (15). 91 

For the present study, only those subjects who had been assessed with dual energy X-ray 92 

absorptiometry (DXA) and accelerometry were included. This sub-cohort of the TSHA 93 

contained 581 older people [259 men (78.2±5.1 years) and 322 women (77.4±4.2 years)], 94 

although only 518 participants concluded the three stages with valid data for the analyses 95 

[238 men (45.9%) and 280 women (54.1%)]. After the follow up, 227 of them completed 96 

the second evaluation, including 102 men (80.6±4.6 years) and 125 women (80.3±4.0 97 

years). However, just 192 subjects [91 men (47.4%) and 101 women (52.6%)] were 98 

included in all the analyses. Insufficient accelerometry data or metal prostheses or similar 99 

artefacts that could affect the bone mass interpretation caused the drop in the sample (16, 100 

17). Data were collected from July 2012 to June 2014 (first evaluation), and from May 101 

2015 to June 2017 (second evaluation). The study was approved by the clinical research 102 

ethical committee of the Toledo Hospital Complex and all the subjects signed an informed 103 

consent to be included in the study. The full methodology has been described previously 104 

(15, 18).  105 

 106 
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Anthropometrics and body composition  107 

Body mass, height and body mass index (BMI) were obtained on each subject 108 

immediately before DXA assessment by Seca 711(Hamburg, Germany). DXA instrument 109 

was used to assess body composition (Hologic, Serie Discovery QDR densitometer, 110 

Bedford, USA) and, it was calibrated daily. Physician's Viewer, APEX System Software 111 

Version 3.1.2. was used to analyse all scans. Bone mineral content (BMC) (g) and BMD 112 

(g·cm−2) in whole-body and regional sites, lumbar spine (L1-L4), and femoral regions 113 

were assessed in a supine position, wearing light clothing with no metal, shoes or 114 

jewellery. Whole body fat mass (g), lean mass (g) and percentage body fat mass were also 115 

obtained from the total body scan.  However, we used the rate of longitudinal changes of 116 

these variables for the CODA analyses 117 

(i.e. [ 
𝑓𝑜𝑙𝑙𝑜𝑤−𝑢𝑝 𝑓𝑒𝑚𝑜𝑟𝑎𝑙 𝑛𝑒𝑐𝑘 𝐵𝑀𝐷−𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑓𝑒𝑚𝑜𝑟𝑎𝑙 𝑛𝑒𝑐𝑘 𝐵𝑀𝐷

𝑡𝑖𝑚𝑒 𝑔𝑎𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑤𝑎𝑣𝑒𝑠
]). 118 

Furthermore, the bone mass decay produced by aging process itself according to the 119 

previous literature was only used to categorise patients into two subgroups according to 120 

their bone decrease during the period between the baseline and the follow-up. Therefore, 121 

the differences between the subjects who had an expected bone loss according to the 122 

literature and the subjects with a higher bone loss than the known one can be compared. 123 

Accordingly, older people were categorised as ‘‘positive bone ageing’’ at femoral neck if 124 

their rate of BMD decay was lower than 0.73 g·cm−2/year in men (n=31) and lower than 125 

0.83 g·cm−2/year in women (n=41). Likewise, all of them were categorised as ‘‘positive 126 

bone ageing’’ at spine if their BMD decrease was lower than 1.1 g·cm−2/year in men 127 

(n=52) and lower than 0.79 g·cm−2/year in women (n=61); according to previous 128 

normative data in this population (7, 8, 19). Conversely, subjects were classified as 129 

“negative bone ageing” if their bone decreases were over these thresholds (at femoral 130 

neck: men, n= 54, women, n=56; at spine: men, n=32, women, n=36).  131 
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 132 

Physical activity and sedentary behaviours 133 

PA and SB were assessed by accelerometry (ActiTrainer and ActiGraph wGT3X-BT; 134 

ActiGraph, Pensacola, FL, USA) during waking hours for 7 consecutive days, except 135 

while bathing or swimming activities. The files were analysed using a customised 136 

software programme (ActiLife Pro 6). The study included only the results from 137 

participants with at least four valid days with 480 min (8 h/day) or more (20). The full 138 

methodology has been described previously (21). 139 

 140 

Data analysis 141 

Statistical analyses were completed using R statistical system version 3.1.1. We used a 142 

multiple linear regression modelling the rate of bone change against the change in 143 

composition. To do this we used compositional methods, which have been outlined as 144 

applied to cross-sectional PA and SB data by Chastin and colleagues (13); the complete 145 

information and justification to more fully understand this methodology has also been 146 

described in the mentioned study. Moreover, compositional changes [𝑆𝐵∆, 𝐿𝑃𝐴∆, 𝑀𝑉𝑃𝐴∆] 147 

were then measured by Aitchison’s perturbation method (22, 23), such as Winkler et at. 148 

(24) used previously in a study with CODA. The ratios of each component in the 149 

composition or sub-composition for follow-up changes from baseline were calculated and 150 

were then divided by the sum total of these ratios. All statistical analyses were conducted 151 

for the whole sample and each subgroup (men and women). Standard descriptive statistics 152 

(mean±SD) and compositional descriptive statistics including compositional geometric 153 

means for central tendency were performed in the study. Compositional geometric mean 154 

barplots were also generated to display the changes in the movement behaviour profiles. 155 

In these graphs, the relative distribution of times for each group is presented as the log-156 
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ratio between the group compositional mean (positive bone ageing or negative bone 157 

ageing at femoral neck and spine) and the overall compositional mean or the entire sample 158 

(whole sample, men or women) after centring the data according to Chastin et al. (2015) 159 

protocols (13). Finally, CODA based on an isometric log-ratio (ilr) data transformation 160 

was conducted to determine the relationship between movement behaviours changes and 161 

the rate of bone mass decay. The complete models examined whether there was a 162 

statistically significant association between the changes in the composition of all 163 

movement behaviours as a whole variable and each body site. Moreover, the first 164 

coefficient and its p-value for each rotated model was used to determine if the individual 165 

changes in the movement behaviour was significantly positively or negatively associated 166 

with body site relative to the changes in the time spent in the other movement behaviours 167 

(13). Different covariates were entered in the statistical analysis by backward elimination 168 

if their p-value was less than 0.2.  169 

 170 

 171 

Results 172 

Descriptive 173 

The characteristics of the participants in both waves are shown in Table 1. The percentage 174 

of body fat were significantly higher in the follow-up than at baseline in all groups, except 175 

for the percentage of body fat in women (p<0.05). Nevertheless, body mass, height and 176 

BMI were significantly lower in the follow-up in the whole group and in men and women, 177 

except for BMI in women (p<0.05). The mean composition of the waking hours in SB, 178 

LPA and MVPA and the geometric means for the rate of change in minutes/day/year 179 

spent in each movement behaviour for the whole sample and sex subsamples are shown 180 

in Table 2. Similarly, the absolute proportions of time spent in each movement behaviour 181 
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between the subgroups with positive and negative bone ageing at baseline are shown in 182 

Supplemental Table 1. 183 

 184 

Changes in the proportions of time by groups 185 

The changes in the proportions of time for each group is presented as compositional mean 186 

bar plots. The sample grouped by rate of bone mass decay at the femoral neck and spine 187 

bone mass are represented in Figure 1 (whole sample), Figure 2 (men only) and Figure 188 

3 (women only). Whole sample, men and women with positive bone ageing decreased 189 

the time spent in SB and increased the time in MVPA compared to the entire sample; 190 

however, the time spent in LPA depend of the subgroup. On the other hand, older people, 191 

women and men with negative bone ageing decreased the time spent in MVPA and 192 

increased time in SB and LPA, except SB in relation to rate of bone mass decay at femoral 193 

neck in men, which decrease compared to the entire sample and, LPA that also decrease 194 

in the subgroups of women. 195 

 196 

Compositional data 197 

The CODA models obtained through the rate of longitudinal changes are reported in 198 

Table 3 for the whole sample, men and women, respectively. The change in the 199 

composition of movement behaviours as a whole in the complete sample and in the 200 

women’s subgroup was significantly associated with the rate of BMC decay at spine 201 

(p≤0.05). In the whole sample and in older men, a change in the time spent in MVPA 202 

relative to the change in other movement behaviours was positively associated with the 203 

rate of bone mass decay at leg and spine (p≤0.05). No significant associations in both 204 

groups were observed in the change of time spent in SB and LPA. In older women, the 205 

change in the time spent in SB relative to other movement behaviours was negatively 206 
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associated with the rate of BMC at spine and BMD decay at Ward’s triangle (p≤0.05). 207 

The change in the time spent in LPA was positively associated with the rate of BMD 208 

decay at femoral neck and Ward’s triangle (p≤0.05) in the women subgroup. No 209 

significant associations were observed in the change of time spent in MVPA in this 210 

subgroup. Furthermore, some trends were also found in all subgroups.  211 

 212 

 213 

Discussion 214 

This study presents longitudinal changes in bone mass depending on movement 215 

behaviours over four years in a Spanish population-based prospective cohort study, 216 

involving men and women over 65 years of age. Furthermore, to our knowledge, this 217 

study is the first to use CODA to examine longitudinally the associations between the 218 

distribution change of time spent in SB, LPA and MVPA and the rate of bone mass decay 219 

in the elderly. Our main novel finding was that the changes in combined effects of PA 220 

and SB were significantly associated with changes in spine BMC. Moreover, when the 221 

sample was divided by sex, the same combined effects were found in the older women’s 222 

subgroup, with the positive effect of change in LPA predominating in relation to the other 223 

change in the movement behaviours and the negative effect of change in SB. These effects 224 

were different in the men’s subgroup, which showed that changes in MVPA related to the 225 

changes in other movement behaviours was needed in order to obtain the most beneficial 226 

effects for bone ageing.  227 

 228 

Previous longitudinal studies have reported the effects of PA and SB independently of 229 

bone ageing in the older population (25, 26) and other cross-sectional study has been 230 

studying these relationship in a combined way, using CODA (21). However, the change 231 
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in the combined effect of movement behaviours on the rate of bone mass decay over time 232 

has not been studied in the elderly. This is especially important given that the rate of 233 

change estimated from the cross-sectional data overestimated the rate of change in BMD 234 

observed in the longitudinal data (27). Furthermore, both the cross-sectional and 235 

longitudinal investigations suggested that these relationships should be studied 236 

distinguishing by sex (25, 28). Similarly, a recent studies performed with CODA in older 237 

people reported different effects of PA and SB on bone health depending on sex (21). 238 

Thus, we found different results in older men and women, despite the fact that both 239 

subgroups showed a similar change in the movement behaviour profile associated with 240 

bone ageing, with the subjects with positive bone ageing decreasing the time spent in SB 241 

and increasing the time in MVPA compared to the entire sample. These differences 242 

between the subgroups depending on the bone ageing, they have an important clinical 243 

relevance due to the fact that osteoporosis and bone problems have a strong association 244 

with the increase of morbidity and mortality (3, 4). Furthermore, given that the prevalence 245 

of older people is continuously increasing, improving the quality of life of this population 246 

acquires a higher relevance. Poor health can lead to problems of physical function and 247 

dependence, which can cause a general worsening of health. In this sense, a deterioration 248 

in bone health can even lead to an increase in the frailty status, since osteoporosis and the 249 

decrease in bone mass are included in the cycle of frailty, as Fried (2001) already 250 

indicated (29). 251 

 252 

Whole sample 253 

The whole sample showed positive effects during ageing as a result of increased time 254 

spent in MVPA related to the change in other movement behaviours in the rate of bone 255 

mass decay at spine and leg. Thus, we also demonstrated that it is necessary to examine 256 
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all changes in the movement behaviours as a whole in order to obtain accurate information 257 

about the benefits of the positive changes in MVPA, given that it has been previously 258 

acknowledged that BMD in older adults may not be easily influenced by daily PA alone 259 

(13). Shephard et al. (26) presented similar results on calcaneal health in elderly that 260 

practised MVPA regularly. Moreover, in this previous study, over a 4-year follow-up, the 261 

risk of bone problems and fractures decrease for elderly people who spent more time in 262 

MVPA.   263 

 264 

Older men 265 

When we studied the men’s subgroup independently, we also found similar results related 266 

to the MVPA changes in the rate of bone mass decay at spine and leg; besides of the trend 267 

in the whole-body and femoral neck. The specific positive effects found in these body 268 

sites could be explained because the magnitude of gravitational impact forces experienced 269 

during MVPA are naturally a product of both muscle force generation and body weight 270 

and these bone structures bear significant weight from the upper body (30, 31). Another 271 

previous study, found that SB affected the femoral neck BMC and BMD negatively 272 

during ageing but the pelvic BMC region positively (25); notwithstanding, these 273 

discrepancies were not detected in our older men’s sample using CODA. Likewise, 274 

similar results associated with MVPA related to the other movement behaviours were 275 

demonstrated in a previous cross-sectional study (21); however, in this previous study, 276 

only the rate of change at whole-body sites showed significant relationships. Thus, 277 

besides these whole-body associations, we also found positive associations in the rate of 278 

bone mass decay at spine and femoral neck analysing bone ageing over time; which is 279 

especially relevant due to the fact that both sites are the most appropriate for diagnosing 280 

osteoporosis. 281 
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 282 

Older women 283 

In contrast, in older women the beneficial change during ageing was found related to 284 

LPA, and not so much because of the MVPA, as well as to the negative effect of the 285 

change in SB on bone ageing. Similarly, the important effect of LPA could also be showed 286 

when we compared the subgroups depending on the bone ageing at femoral neck. In spite 287 

of the fact that at baseline the subgroup with negative bone ageing spent significantly 288 

more time in LPA that the women with bone ageing, the higher decreased of LPA during 289 

the 4 years of follow-up of this subgroup (1.28% vs. 0.38%) produced that these women 290 

increased the bone mass decay. Furthermore, older women showed these relationships in 291 

the rate of bone mass decay at spine and some femoral sites (femoral neck and Ward’s 292 

triangle). This could be of great importance considering the relationship of these sites 293 

with osteoporosis and bone fracture incidence (32, 33), in spite of the non-significant 294 

effects on the whole-body as was the case in the men’s subgroup. McMillan et al. (25) 295 

also revealed that in older women the increase of LPA positively affected femoral neck 296 

and leg bone mass, without significant relationships with MVPA either. These authors 297 

also found positive associations with increase of time in SB in total hip bone mass, while 298 

our results showed that SB changes had a negative impact on the spine and femoral 299 

regions. The difference was probably due to the fact that they assessed SB independently 300 

from the other movement behaviours, unlike the present study. Different investigations 301 

had demonstrated that SB reduces total load on the body sites and may result in a 302 

concomitant decrease in bone mass (25, 34). Thence, just like in the whole sample, in 303 

older women it is essential to assess all the movement behaviours as a whole to properly 304 

investigate the PA benefits and the SB influence on bone mass. In relation to the non-305 

significant effect of the change in MVPA, just like us, Gerdhem et al. (35) suggested that 306 
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the reasons for this may be due to the low quantity of total MVPA undertaken by older 307 

women, which would be insufficient for osteogenesis. In particular, our older women 308 

decreased MVPA 0.15 minutes/day per year, with total time spent in this behaviour 309 

representing 2.2% in the baseline and 1.4% in the follow-up. Moreover, McMillan et al. 310 

(25) also suggested that perhaps structured exercise, rather than daily MVPA, is more 311 

likely to stimulate osteogenesis in older adults. Similar results associated to MVPA and 312 

related to the other movement behaviours were demonstrated in a previous cross-sectional 313 

study (21); even though the results relating SB and LPA in this previous research were 314 

contrary to our findings. Consequently, in addition to the importance of analysing from a 315 

compositional paradigm, studying bone ageing over time in older people helps to explain 316 

some of the inconsistency found in cross-sectional studies. 317 

 318 

Strengths and limitations 319 

Our study is not without limitations. Despite accelerometry being an objective and 320 

validated method, it may not detect differences between sitting and standing positions, 321 

thus overestimating sedentary time (36). Nonetheless, the movement behaviours were 322 

calculated based on older adult-specific cut-off points (37, 38), thus PA intensities were 323 

related to age. Another limitation was that we did not record objective measures of sleep. 324 

Nevertheless, the waking hours have been objectively measured and, sleep quality has 325 

not been made available in other studies either due to difficulties in collecting data. 326 

According to the sample size, this dwindled down to less than half of that due to lack of 327 

follow-up data or lack of accelerometer data, however we obtained in both waves the 328 

complete information related to PA, SB, body composition and other health indicators 329 

from a relatively large sample (n=227). A main strength of our study stems from the fact 330 

that it is the first longitudinal research to include this novel analytical approach to deal 331 
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with all waking hour data with objectively assessed PA, SB, body composition, bone 332 

health and other health indicators. Additionally, the analyses were differentiated by sex 333 

independently, which has been requested previously (39) and, including covariates that 334 

could influence bone mass (e.g., nutrition, smoking, frailty, etc.) (40). Likewise, CODA 335 

eliminate collinearity problems and deal with the co-dependence between time spent in 336 

different movement behaviours (13, 41). Finally, the gold standard DXA method to assess 337 

body composition and bone health was used on all subjects.  338 

 339 

 340 

Conclusion  341 

Our findings suggest that bone health should be assessed over time independently of sex, 342 

in order to ensure all PA and SB effects can be studied adequately. We identified that 343 

reducing or maintaining time spent in SB and LPA and increasing MVPA produce 344 

improvements in bone rate of bone mass decay in older men; while, decreasing SB, 345 

increasing LPA and maintaining MVPA would be the best model to enhance bone mass 346 

over time in older women. The mentioned re-distribution of movement behaviours was 347 

also associated with femoral neck and spine bone mass, representing a good strategy for 348 

delaying the onset of osteoporosis in the elderly. Additionally, longitudinal CODA could 349 

also clarify the controversial results previously found in older women.  350 

 351 
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 495 

 496 

Figure legends 497 

Figure 1. Compositional geometric mean bar plots for the whole sample comparing the 498 

compositional mean of the entire sample with the compositional mean of positive bone 499 

ageing and negative bone ageing subgroups at femoral neck (a) and spine (b) for sedentary 500 

behaviour (SB), light physical activity (LPA) and moderate-to-vigorous physical activity 501 

(MVPA). 502 
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-Bone status at femoral neck: positive bone ageing, bone mineral density decreases ≤0.73 503 

g·cm−2/year in men and ≤0.83 g·cm−2/year in women; negative bone ageing, bone mineral 504 

density decreases over these thresholds. 505 

-Bone status at spine: positive bone ageing, bone mineral density decreases ≤1.1 506 

g·cm−2/year in men and ≤0.79 g·cm−2/year in women; negative bone ageing, bone mineral 507 

density decreases over these thresholds. 508 

 509 

Figure 2. Compositional geometric mean bar plots for older men comparing the 510 

compositional mean of the entire sample with the compositional mean of positive bone 511 

ageing and negative bone ageing subgroups at femoral neck (a) and spine (b) for sedentary 512 

behaviour (SB), light physical activity (LPA) and moderate-to-vigorous physical activity 513 

(MVPA). 514 

-Bone status at femoral neck: positive bone ageing, bone mineral density decreases ≤0.73 515 

g·cm−2/year; negative bone ageing, bone mineral density decreases over these thresholds. 516 

-Bone status at spine: positive bone ageing, bone mineral density decreases ≤1.1 517 

g·cm−2/year; negative bone ageing, bone mineral density decreases over these thresholds. 518 

 519 

Figure 3. Compositional geometric mean bar plots for older women comparing the 520 

compositional mean of the entire sample with the compositional mean of positive bone 521 

ageing and negative bone ageing subgroups at femoral neck (a) and spine (b) for sedentary 522 

behaviour (SB), light physical activity (LPA) and moderate-to-vigorous physical activity 523 

(MVPA). 524 

-Bone status at femoral neck: positive bone ageing, bone mineral density decreases ≤0.83 525 

g·cm−2/year; negative bone ageing, bone mineral density decreases over these thresholds. 526 
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-Bone status at spine: positive bone ageing, bone mineral density decreases ≤0.79 527 

g·cm−2/year; negative bone ageing, bone mineral density decreases over these thresholds. 528 

 529 

 530 



Table 1. Anthropometric and descriptive data. 1 

 2 

 

 
Baseline Follow-up 

Variables 
Whole Sample Men Women Whole Sample Men Women 

(n=192) (n=91) (n=101) (n=192) (n=91) (n=101) 

Sex (%)                      

   Men 47.4         47.4       

   Women 52.6         52.6       

Age (years) 76.7 ± 4.0 76.9 ± 4.2 76.6 ± 3.8 80.5 ± 4.3* 80.7 ± 4.6* 80.3 ± 4.1* 

Body mass (kg) 75.0 ± 13.1 78.7 ± 13.0 71.6 ± 12.3 72.9 ± 12.4* 76.3 ± 13.1* 69.8 ± 11.0* 

Height (cm) 155.8 ± 9.4 162.7 ± 6.9 149.6 ± 6.6 154.7 ± 9.4* 161.6 ± 6.9* 148.5 ± 6.6* 

BMI (kg/m2) 30.9 ± 4.6 29.6 ± 3.9 32.0 ± 5.0 30.4 ± 4.4* 29.1 ± 3.9* 31.6 ± 4.5 

Body fat (%) 36.7 ± 7.4 30.5 ± 4.8 42.3 ± 4.3 38.9 ± 23.1* 31.5 ± 5.1* 42.4 ± 5.5 

Highest 

household 

educational (%)   

  

  

   

         

  Less than 

primary               

school 

graduation 

75.6 73.6 77.8 75.6 73.6 77.8 

  Primary 

school 

graduation 

16.2 14.4 18.2 16.2 14.4 18.2 

  Secundary 

school 

graduation or 

more 

8.2 12.0 5.0 8.2 12.0 5.0 

Marital status 

(%)  
 

  
 

  
 

 

         

  Single 4.3 5.5 3.0 3.8 5.5 2.0 

  Married 73.3 81.3 65.3 67.8 78.0 57.6 

  Widower 21.3 11.0 31.7 26.8 14.3 39.4 

  Separated/ 

  Divorced 
1.1 2.2 0.0 1.6 2.2 1.0 

 3 

Data are mean ± SD. BMI, body mass index; * p<0.05, for whole sample, men and 4 

women. 5 

 6 
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Table 2. Mean composition of the waking hours in SB, LPA and MVPA and the 1 

geometric means for the rate of change in minutes/day/year in each movement behavior. 2 

Sample 
Waking hours at 

baseline (%) 

Waking hours at 

follow-up (%) Minutes/day/year 

Whole Sample    

 SB 55.0 59.0 0.97 

 LPA 41.9 38.8 -0.75 

 MVPA 3.1 2.2 -0.22 

     

Men     

 SB 57.1 60.3 0.81 

 LPA 38.9 36.8 -0.54 

 MVPA 4.0 3.0 -0.27 

     

Women     

 SB 53.1 58.0 1.11 

 LPA 44.7 40.6 -0.94 

  MVPA 2.2 1.4 -0.15 

 3 

SB, sedentary behavior; LPA, light physical activity; MVPA, moderate-vigorous physical 4 

activity.  5 

 6 

Table 2



Table 3. Compositional behaviour changes model for bone mass variables for the 

proportion of the waking hours of day spent in SB, LPA and MVPA in the whole 

sample (a), men (b) and women (c).  

a. Whole sample 

 

VARIABLE 

MODEL 

P-

VALUE 

γ SB 
P-

VALUE 
γ  LPA 

P-

VALUE 
γ  MVPA 

P-

VALUE 

BMC VALUES 

Whole Scan        

Whole body 0.41 5.347 0.74 -12.858 0.46 7.511 0.20 

Pelvic 0.86 1.113 0.59 -1.120 0.61 0.007 0.99 

Arms (mean) 0.83 0.190 0.71 -0.280 0.61 0.082 0.63 

Legs (mean) 0.12 0.888 0.72 -2.655 0.31 1.767 0.04 

Spine        

Lumbar (mean L1–

L4) 
0.05 -0.059 0.39 0.010 0.89 0.050 0.03 

Femoral Regions        

Proximal femur 

(mean) 
0.52 0.100 0.70 -0.202 0.42 0.102 0.28 

Femoral neck 0.56 0.006 0.85 -0.018 0.59 0.012 0.29 

Trochanter 0.77 -0.027 0.48 0.024 0.55 0.002 0.86 

Ward’s triangle 0.56 -0.003 0.58 0.001 0.81 0.002 0.37 

BMD VALUES 

Whole Scan        

Whole body 0.52 0.002 0.75 -0.006 0.50 0.003 0.27 

Pelvic 0.78 0.006 0.49 -0.007 0.49 0.005 0.89 

Arms (mean) 0.54 0.002 0.27 -0.002 0.29 0.000 0.98 

Legs (mean) 0.10 0.004 0.59 -0.008 0.22 0.005 0.04 

Spine        

Lumbar (mean L1–

L4) 
0.10 -0.004 0.26 0.002 0.61 0.002 0.07 

Femoral Regions        

Proximal femur 

(mean) 
0.56 0.001 0.78 -0.002 0.54 0.001 0.30 

Femoral neck 0.82 -0.001 0.61 0.001 0.71 0.000 0.72 

Trochanter 0.48 0.002 0.93 -0.001 0.62 0.001 0.23 

Ward’s triangle 0.89 -0.001 0.74 0.002 0.67 0.000 0.74 
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b. Men only 

 

 

 

 

 

 

VARIABLE 

MODEL 

P-

VALUE 

γ SB 
P-

VALUE 
γ  LPA 

P-

VALUE 
γ  MVPA 

P-

VALUE 

BMC VALUES 

Whole Scan        

Whole body 0.21 5.781 0.84 -23.336 0.43 17.555 0.08 

Pelvic 0.47 2.519 0.51 -3.870 0.33 1.352 0.32 

Arms (mean) 0.85 0.300 0.71 -0.423 0.62 0.125 0.67 

Legs (mean) 0.12 2.183 0.66 -5.666 0.27 3.483 0.05 

Spine        

Lumbar (mean L1–L4) 0.22 0.044 0.68 -0.101 0.36 0.057 0.10 

Femoral Regions        

Proximal femur 

(mean) 
0.47 -0.236 0.62 0.033 0.95 0.203 0.26 

Femoral neck 0.16 0.040 0.48 -0.076 0.20 0.036 0.08 

Trochanter 0.95 -0.019 0.76 0.018 0.79 0.002 0.94 

Ward’s triangle 0.45 0.010 0.23 -0.009 0.31 -0.001 0.70 

BMD VALUES 

Whole Scan        

Whole body 0.21 0.003 0.82 -0.011 0.42 0.008 0.08 

Pelvic 0.43 0.011 0.49 -0.018 0.31 0.006 0.29 

Arms (mean) 0.31 0.003 0.13 -0.004 0.14 0.000 0.92 

Legs (mean) 0.06 0.009 0.48 -0.018 0.15 0.010 0.03 

Spine        

Lumbar (mean L1–L4) 0.10 0.003 0.45 -0.006 0.17 0.003 0.05 

Femoral Regions        

Proximal femur 

(mean) 
0.60 0.001 0.87 -0.003 0.61 0.002 0.32 

Femoral neck 0.25 0.004 0.30 -0.006 0.15 0.002 0.20 

Trochanter 0.80 0.001 0.72 -0.002 0.59 0.001 0.57 

Ward’s triangle 0.39 0.007 0.25 -0.002 0.18 0.002 0.46 



c. Women only 

 

All models are adjusted for age, gender, education, marital status, income, BMI, fat mass, 

lean mass, alcohol intake, smoking, nutritional status, frailty, thyroid disease, arthritis and 

calcium, by backward elimination (with predictor retained if p<0.2). Statistically 

significant associations (p<0.05) are highlighted in bold and the trends are in italics.  

VARIABLE 

MODEL 

P-

VALUE 

γ SB 
P-

VALUE 
γ  LPA 

P-

VALUE 
γ  MVPA 

P-

VALUE 

BMC VALUES 

Whole Scan        

Whole body 0.95 2.865 0.77 -3.265 0.75 0.040 0.91 

Pelvic 0.80 0.572 0.70 -0.280 0.86 -0.292 0.59 

Arms (mean) 0.88 -0.370 0.63 0.350 0.67 0.020 0.93 

Legs (mean) 0.55 2.049 0.28 -2.179 0.28 0.130 0.82 

Spine        

Lumbar (mean L1–L4) 0.04 -0.198 0.03 0.163 0.09 0.035 0.23 

Femoral Regions        

Proximal femur 

(mean) 
0.70 0.221 0.49 -0.280 0.42 0.055 0.58 

Femoral neck 0.18 -0.071 0.07 0.076 0.07 -0.004 0.71 

Trochanter 0.80 -0.021 0.64 0.013 0.78 0.008 0.64 

Ward’s triangle 0.18 -0.011 0.07 0.012 0.07 -0.001 0.77 

BMD VALUES 

Whole Scan        

Whole body 0.80 0.003 0.56 -0.003 0.66 -0.001 0.74 

Pelvic 0.67 0.005 0.51 -0.003 0.67 -0.001 0.56 

Arms (mean) 0.90 0.001 0.77 -0.001 0.86 0.000 0.74 

Legs (mean) 0.43 0.008 0.20 -0.009 0.20 0.001 0.79 

Spine        

Lumbar (mean L1–L4) 0.14 -0.008 0.06 0.008 0.10 0.001 0.67 

Femoral Regions        

Proximal femur 

(mean) 
0.72 0.001 0.83 -0.002 0.67 0.001 0.43 

Femoral neck 0.15 -0.006 0.06 0.007 0.05 -0.001 0.47 

Trochanter 0.74 -0.002 0.44 0.002 0.45 0.000 0.89 

Ward’s triangle 0.09 -0.008 0.05 0.010 0.03 -0.002 0.21 



SB, sedentary behaviour; LPA, light physical activity; MVPA, moderate-vigorous 

physical activity; BMC, bone mineral content; BMD, bone mineral density 
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