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ABSTRACT (240 words) 

Biochemical markers of bone turnover have been proposed to monitor the response to bisphosphonate 

therapy for osteoporosis, but this requires true between-person differences in the response to therapy.. 

Using mixed models we analysed 3 annual measurements of two markers (bone alkaline phosphatise 

(BAP) and cross linked N-telopeptide of type I collagen (NTX)) from the Fracture Intervention Trial.  We 

compared marker variation among women allocated to alendronate with that among women allocated to 

placebo to estimate how much variation was due to true between-person differences in response to 

treatment, and how much was due to random within-person fluctuations unrelated to treatment. For both 

markers we found that the mean effect of treatment differed by the  baseline level of marker. After 

allowing for this and other effects, we found large true between-person differences in response to 

treatment for both markers, with a coefficient of variation for NTX of 25.1% and for BAP of 21.2%. 

However random within-person fluctuation was even larger, with a coefficient of variation for change in 

NTX of 42.5% and for change in BAP of 25.8%.  Although repeated measurements have the potential to 

reduce within person variability, even triplicate baseline marker measurements resulted in an averaged 

value that was only within 30% of the true value with 95% certainty.   In summary, although bone turn-

over markers appear promising for monitoring between person differences in response to treatment, their 

use in clinical practice is currently limited by large random within-person variation.  
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INTRODUCTION 

Alendronate and other N-containing bisphosphonates are effective therapies(1-2) that are widely used for 

prevention of fragility fractures in postmenopausal women with osteoporosis. After starting a patient on 

alendronate, clinicians often monitor the response to make sure treatment is working as expected. 

Although monitoring bone mineral density is widely used to check treatment response, and routine 

monitoring in the first two years of treatment is recommended by the US National Osteoporosis 

Foundation and the American Association of Clinical Endocrinologists, recent evidence questions the 

value of this practice(3-6). Bone turnover markers (BTMs) have been proposed as an alternative way of 

monitoring treatment response(7), but the value of this is currently unknown. 

 

Bone turnover may be estimated by markers of bone formation (e.g. bone-specific alkaline phosphatise 

(BAP) and N-terminal propeptide of type I collagen (PINP)) and bone resorption (e.g. cross-linked N-

telopeptide of type I collagen (NTX) and cross-linked C-telopeptide of type I collagen (CTX)). Meta-

analytic data(8) and individual trial data(7, 9) demonstrate associations between treatment effects on bone 

turnover markers and treatment effects on fracture risk. Bone turnover markers have the advantages of 

relative ease and low cost for a single measurement, as well as a rapid response to treatment, especially 

when compared to bone mineral density measurement. Their main disadvantage is the large within person 

random variation which results from both pre-analytic and analytic sources(10).  

 

Guidelines for treatment of post-menopausal osteoporosis differ in their recommendations for the routine 

monitoring bone turnover markers after starting bisphosphonates. The American Association of Clinical 

Endocrinologists (U.S.)(11) and the National Osteoporosis Foundation (U.S.)(12) recommend that 
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markers of bone turnover may be useful for assessing therapeutic responses to antiresorptive agents 

including bisphosphonates. A Consensus Development Panel sponored by the National Institute of Health 

(U.S.)(13) recommends against changing therapy because of an adverse trend in bone turnover.  The 

National Osteoporosis Guidelines Group (U.K.)(14) do not make recommendations regarding the 

monitoring of bone turnover markers and the Osteoporosis Society of Canada (Canada)(15) recommends 

that although biomarkers may be of value in predicting and monitoring response to potent antiresorptive 

therapy in clinical trials, they should not yet be used for routine clinical management.  

 

The objective of the present analysis was to assess the potential value of monitoring bone turnover 

markers for determining an individual’s response to alendronate therapy. We achieved this by comparing 

the variation in two biochemical markers, serum BAP (a marker of bone formation) and urine NTX (a 

marker of bone resorption) among subjects randomized to alendronate or placebo in the Fracture 

Intervention Trial (FIT). This allowed the overall variation in response to be separated into that due to 

true between-person variation in response and that due to random background within-person variation. 

Response monitoring may be clinically useful when true between-person variation in response is large 

and random background within-person variation in the marker is small. 

 

METHODS 

Study Design and Population 

We analysed data from the Fracture Intervention Trial (FIT), a randomized trial that evaluated the effects 

of alendronate compared to placebo in post-menopausal women with low bone mineral density (≤ 0.68 

g/cm2 at baseline)(16). The trial had two arms: the vertebral fracture arm, which included 2027 women 

who had vertebral fractures identified on radiographs at baseline(1), and the clinical fracture arm, which 

included 4432 women without baseline vertebral fractures(2). Patients for both arms were recruited 

between May 1992 and May 1993. A random sample of women in FIT (n= 1304 of 6459, 20.2%) had 
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serial measurements of biochemical markers of bone turnover, comprising 392 women from the Vertebral 

Fracture Arm (1) and  912 women from the Clinical Fracture Arm (2). 

 

Subjects were randomly allocated to daily alendronate or placebo. The dose of alendronate was initially 5 

mg/day for two years but was increased to 10mg/day at the second annual visit because other trials 

suggested that 10mg/day had greater effects on bone mineral density. Women in each treatment group 

who had dietary calcium intakes <1000 mg/day at baseline (82% of participants) were asked to take a 

daily supplement (OsCal0 containing 500mg of elemental calcium and 250 IU of vitamin D). 

 

Monitoring Measurements 

Biochemical markers of bone turnover 

Fasting serum and a spot early morning urine samples were collected at baseline and yearly intervals 

following randomisation and stored at -70C for later analysis.  Serum was analysed for bone specific 

alkaline phosphatase (BAP, assay from Tandem, Hybritech, Inc., San Diego, CA). This immuno 

radiometric assay (IRMA) uses two monoclonal antibodies directed against the human bone isoenzyme 

and BAP purified from human SAOS-2 osteosarcoma cells as a standard and has a 16% cross-reactivity 

with the circulating liver isoenzyme(17). Urine was analysed for N-teleopeptide of type I collagen (NTX, 

assay from Osteomark®, Ostex International, Inc., Seattle, WA), with a correction applied for the 

woman’s level of urinary creatinine. This enzyme-linked immunoassay (ELISA) uses a monoclonal 

antibody directed against the N-telopeptide-to-helix intermolecular cross-linking domain of type I 

collagen isolated from human urine(18). The reported intra- and inter-assay coefficients of variation are 

both <10% for BAP(17) and urinary NTX(19). All measurements were performed by a commercial 

laboratory (Nichols Institute) contemporaneously for alendronate and placebo groups in annual batches 

without knowledge of treatment assignment. Yearly measurements were available from baseline to three 

years of follow up for women in both the Vertebral Fracture Arm and the Clinical Fracture Arm. 
 

Statistical Analysis 
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For the preliminary analysis we applied a simple comparison method(20) to summary data for each 

marker on the log-scale with both arms of FIT combined whereby we compared marker variation in 

women allocated to alendronate with that in women allocated to the placebo. We subtracted the mean and 

variance of change in the placebo group from the mean and variance of change in the alendronate group 

and back transformed the results to the natural scale. 

 

For the main analysis, we used a type of statistical model known as the ‘mixed model’(21-22). In these 

models we again included data from both arms of FIT, but adjusted for the trial arm of a particular 

participant by including terms to represent trial arm and a trial arm × treatment interaction. Mixed models 

allowed explicit modelling of the within and between person variation in the bone turnover markers, 

while also taking into account the correlation between measurements taken on the same individual. These 

models also allowed for some individuals to have missing follow up measurements by using whatever 

data is available for each individual. We fitted a series of mixed models using bone turnover 

measurements over three years, with measurements from years 1-3 as the outcome and baseline 

measurement as a predictor. A natural log transformation was applied to both outcomes in order to 

normalise the distributions of residuals. After transformation, the assumptions of normality, linearity and 

homoscedascity were found to hold at both the individual level and the residual level.  

 

Likelihood ratio tests were used to compare models where treatment effect on bone turn-over was the 

same for everyone (treatment had a fixed effect) with models where treatment effect on bone turn-over 

differed between individuals (treatment had random effects) in order to assess statistical evidence for 

variation in treatment response. For fixed effects we estimated the mean effect applicable to all patients, 

whereas for random effects we estimated the mean and standard deviation of effects across patients. For 

random effects we also estimated a 95% distribution of treatment effects, an interval in which the 

treatment effect for 95% of the study population should lie (this was expressed as a % increase or 

decrease on the natural scale after back-transforming the mean +/-1.96 x standard deviation, and 
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subtracting 1). We used the residuals to calculate the coefficient of variation for within person variation of 

one measurement (estimated by back-transforming the standard deviation of within person variation and 

subtracting 1(23), CV W) and of change between two measurements (estimated as (2xCVW
2)). We 

compared this to the coefficient of variation for between person variation in treatment effects (estimated 

by back-transforming the standard deviation of treatment effects and subtracting 1).  In this way we 

estimated the mean treatment effect, the true between person variation in treatment effects and the 

background random within person variation for change in each bone turnover marker. We also compared 

the ratio of variances for between person variation in treatment effects: within person variation in change 

on the log scale as an indication of signal: noise ratio (For more detailed explanations of this type of 

statistical analysis, see (3, 24)). 

 

As the primary analysis we fitted BAP and NTX as separate outcomes (univariate response models).   We 

also fitted models that considered both markers simultaneously while allowing for their correlation 

(bivariate response models). Analysis was done using MLwiN with models fitted using iterative 

generalised least squares (Centre for Multilvel Modelling, University of Bristol, U.K.) 

 

The main analysis described above was by intention to treat, and all subjects were included regardless of 

compliance with study medication or fracture outcomes. We also performed sensitivity analyses where 

we limited data to either women who had been at least 75% adherent throughout the trial (as estimated by 

pill-count) or to women who had complete baseline and follow up data available for the relevant marker. 

 

Clinicians often like to establish baseline levels of a marker against which to judge change after 

treatment. We used the mixed model estimates of within person variation to estimate the number of 

measurements needed to be 95% certain that an observed baseline level of marker was within 10% or 

20% of the woman’s true baseline level, as well as the level of uncertainty that would result with single, 

duplicate or triplicate measurement. We then used the estimates of treatment effects and within person 
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variation to calculate the number of measurements needed to be 95% certain that an apparent reduction in 

bone turn over greater than 20%, 30% and 40% reflects the true reduction due to treatment.  

 

A more detailed explanation of how mixed models were used and the calculations used for estimating the 

number of measurements needed are given in the Appendix. 

 

 

Role of the funding source  

This analysis was funded by the Australian National Health and Medical Research Council (Program 

Grant No 402764). The Fracture Intervention Trial was sponsored by Merck Research Laboratories. The 

sponsors did not influence the design and conduct of the study; collection, management, analysis and 

interpretation of data; preparation and approval of manuscript.  

 

RESULTS  

Summary statistics for levels and change from baseline and 1 year are presented in Table 1. There was a 

mean % decrease in the placebo group, likely to reflect in part the provision of calcium and vitamin D 

supplementation provided to women with calcium intake <1000 mg. Baseline NTX levels were similar 

for  the Vertebral Fracture Arm (63.6 nmol/ mmol Cr) and the Clinical Fracture arm (63.3 nmol/ mmol 

Cr, p=0.91); baseline BAP levels were slightly higher for the Vertebral Fracture Arm (13.4 ng/ml) than 

for the Clinical Fracture Arm (11.6 ng/ml, p<0.001). The wide spread of % change in markers in the 

placebo group (represented by the 2.5 and 97.5 percentiles), reflects the substantial background random 

within person variation that exists for these bone turn over markers. The larger mean % decreases in the 

alendronate group compared with the placebo group reflects the average effects of treatment. The larger 

spread of % change in markers in the alendronate group compared with the placebo group (2.5 to 97.5 

percentiles) reflects the between-person variation in treatment effects. Applying the simple comparison 

method(20), we estimated the true mean treatment effect on NTX was 50%↓ and the 95% distribution of 
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true treatment effects was 75%↓ to 1%↑.The estimated true mean treatment effect on BAP was 32%↓ and 

the 95% distribution of true treatment effects was 58%↓ to 10%↑.

 

The mixed models used measurements from both treatment groups from baseline to year 3 of follow up. 

The number of measurements available for each marker, stratified by treatment group is summarised in 

the Appendix Table. A summary of the results of the mixed model analysis follows.  

 

Treatment effects and variability of NTX  

Treatment effects on NTX are summarised in Table 2, upper rows. The mean treatment effect on NTX 

was substantial for all subgroups and slightly greater for women in the Vertebral Fracture Arm (mean 

decrease in NTX levels at 1 year = 56.1%) compared with women in the Clinical Fracture Arm (mean 

decrease in NTX levels at 1 year = 52.1%), (p=0.010) There was a small increase in the mean treatment 

effect with time for both trial arms, likely to be due at least in part to the increase in dose after the first 2 

years (p<0.001). The mean treatment effect was also modified by baseline NTX levels, with greater 

reduction for women with higher baseline levels (p<0.001,). 

 

After allowing for the modification of mean treatment effects outlined above, and for other significant 

predictors, there was very strong evidence of large between person variation in treatment effects 

(p<0.001, coefficient of variation 25.1%). The variation was more noticeable for women with lower 

baseline levels of NTX. However none of the 95% distributions of treatment effects crossed zero, even 

for women with the lowest baseline level of NTX (8 nmol/L, 2.5th percentile of treatment effects=9.9% 

decrease for women in the Clinical Fracture Arm). The coefficient of variation for background within 

person variation was very large at 30.0% for one measurement and 42.5% for change between two 

measurements.  The variance ratio for between person variation in treatment effects: within person 

variation in change was 0.31 (variation in treatment effects was just under one third as large as within 

person variation). 
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Treatment effects and variability of BAP  

Treatment effects on BAP are summarised in Table 2, lower rows. The mean treatment effect on BAP 

was much smaller than for NTX and differed by a larger amount between trial arms. The mean treatment 

effect on BAP was smaller for women in the Vertebral Fracture Arm (mean decrease in BAP levels at 1 

year = 13.8%) compared with women in the Clinical Fracture Arm (mean decrease in BAP levels at 1 

year = 24.9%, p value for difference <0.001). There was again a small increase in the mean treatment 

effect with time for both trial arms, likely to be due at least in part to the increase in dose after the first 2 

years (p<0.001). The mean treatment effect was also modified by baseline BAP levels, with greater 

reduction for women with higher baseline levels (p<0.001). 

 

After allowing for the modification of mean treatment effects outlined above, and for other significant 

predictors, there was very strong evidence of large between person variation in treatment effects 

(p<0.001, coefficient of variation 21.2%). This variation was especially marked for women with lower 

baseline BAP levels, but treatment effects crossed 0% change for all sub-groups of women except those 

with higher than average baseline levels who did not have a baseline vertebral fracture (this subgroup had 

the largest mean effect of treatment – see Table 2, bottom row). Some of these women had a substantial 

net increase in BAP level after starting treatment (we estimate a true increase in BAP of up to 41.9% for 

2.5% of women with a vertebral fracture and baseline levels of BAP around 2 ng/ml). 

The coefficient of variation for background within person variation was 18.2% for one measurement and 

25.8% for change between two measurements. The variance ratio for between person variation in 

treatment effects: within person variation in change was 0.58 (variation in treatment effects was just over 

half as large as within person variation).  

 

Additional analyses 
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The bivariate model (where BAP and NTX were considered simultaneously) yielded similar results, with 

a very high correlation between the effects of treatment on BAP and NTX at 1 year (0.99).  

 

Limiting analysis to women who were adherent over the course of the trial (n=1032) revealed similar 

mean treatment effects (slightly greater overall, though slightly smaller for women with lowest baseline 

levels), somewhat smaller between-person variation in treatment effects and similar levels of within-

person variation. There was still an increase in BAP as a result of treatment for some women, although 

the number affected was less than in the intention to treat analysis. Limiting analysis to women for whom 

we had complete marker data (n=775 for NTX and n=1032 for BAP), yielded results more similar to the 

intention to treat analysis (data not shown). 

 

Effect of repeated measurements 

To provide an estimate of the effects of large within person variability on clinical utility we estimated the 

effect of repeated measurements on marker accuracy.  We limited calculations of the number of 

measurements needed to be certain of a given response to the urinary NTX marker because the 

distribution of treatment effects on BAP crossed 0% change for a large number of individuals.  

 

We estimated that the average of 27 measurements are needed to be 95% certain that an observed baseline 

level of marker was within 10% of the woman’s true baseline level and 7 measurements are needed to be 

95% certain that an observed level was within 20% of the woman’s true baseline level. If only a single 

measurement was available, the observed baseline level of marker would be within 55% of the woman’s 

true baseline level with 95% certainty. If duplicate or triplicate measurements were available, the average 

of these measurements would be within 38% and 31% of the woman’s true baseline level respectively, 

with 95% certainty. With 80% certainty, the corresponding values would be within 34%, 24% and 20% 

for single, duplicate and triplicate measurements.   
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For a woman without an existing vertebral fracture and a true baseline level of urinary NTX of 8 

nmol/mmol Cr , we estimate that one measurement after starting treatment is needed to be 95% certain 

that an apparent decrease of more than 20%  indicates a true decrease of more than 20%. Ten 

measurements after starting treatment are needed to be 95% certain that an apparent decrease of more 

than 40%  indicates a true decrease of more than 40% and 56 measurements are needed to be 95% certain 

that an apparent decrease of more than 60%  indicates a true decrease of more than 60%.  

Conversely, for a woman with an existing vertebral fracture and a true baseline level of urinary NTX of 

158 nmol/mmol Cr, we estimate that only one measurement after starting treatment is needed to be 95% 

certain that apparent decreases of more than 20%, 40% and 60% indicate true decreases of more than 

20%, 40% and 60% respectively.  

 

DISCUSSION 

In agreement with others’ findings, we found that the mean effect of treatment was a decrease in markers 

of both bone resorption and bone formation(25). The mean effect of treatment appeared to differ 

depending upon whether or not a woman had a vertebral fracture at baseline (differences were more 

marked for BAP, with less treatment effect for women with a baseline fracture)and the baseline level of 

the marker (increasing treatment effect with increasing baseline marker level for both NTX and BAP). 

After allowing for background variation both between and within individuals that is unrelated to 

treatment, we found very strong evidence of large variation between individuals in the true effects of 

alendronate on two markers of bone resorption and formation, particularly for women with low baseline 

marker levels. This is in contrast to our previous report on bone mineral density(3) from the same study 

where we found small variation in treatment effects between individuals which was probably not 

clinically relevant.  Thus, as opposed to serial measurements of bone density, serial measurements of 

biochemical markers of bone turnover have the potential to provide useful information about individual 

response to bisphosphonate therapy.   
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Despite substantial between-person variation in treatment effects, this was muted by the large background 

random within-person variation in both markers, with CVs for change in BAP and NTX of 25.8%  and 

42.5 %. These figures are based on within-person SDs for a single measurement occasion of BAP and 

NTX of 18.2% and 30%, respectively, similar to estimates reported previously for these two markers (30-

33). This large within person variation means that the number of measurements of NTX needed to be 

certain of a woman’s baseline level of the marker is prohibitively large (7 measurements are needed for 

the observed values to be within 20% of the true level with 95% certainty; if 3 measurements are used 

then observed levels are only within 31% of the true level with 95% certainty). This means that 

monitoring change in the marker is challenging, even though under certain circumstances, relatively few 

(sometimes only one) repeated measurements are needed after treatment to estimate the true treatment 

effect once we are certain of the baseline level. We are unable to directly compare within person variation 

in the bone turn over markers (CV) with that in bone mineral density (SD) published in a previous 

report(3) as variation was not proportional to the mean level with the latter (and consequently CV will not 

stay constant as the mean level changes). However a comparison of the signal (between-person variance 

in treatment effects) to noise (within person variance) ratios for bone turn over markers (0.58 for BAP 

and 0.31 for NTX) and BMD (0.08, calculated from variances reported in Appendix 2 of (3)) suggests 

that markers show more potential for monitoring response to treatment. 

The between person variation in treatment effects on BAP crossed 0% change in most of the subgroups 

examined. Overall treatment resulted in an increase in this marker of bone formation in approximately 

16.7% of women. This finding was unexpected: despite reports that bisphosphonates may stimulate 

osteoblast formation(26-27), there is no histomorphometric evidence of an increase in bone formation 

with treatment(28) and in general bisphosphonates are thought to be anti-resorptive and not anabolic(29). 

Other studies, similar to the present one, are needed to support or refute this finding. Although there was 

variation in the % decrease in NTX there were no increase in levels in any sub-group of women, which is 

consistent with the primary anti-resorptive effect of alendronate and other bisphosphonates. 
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Strengths of our study include the randomised, placebo controlled nature of the data used and the 

relatively large number of women and measurement occasions that form the dataset. The very high rate of 

adherence in FIT means that the variation in treatment effects is likely to reflect differences between 

women in the actual effects of treatment. Lower adherence rates in clinical populations may increase this 

variation further. However the reservations regarding the clinical use of bone turn over markers to 

monitor response because of large within-person variation also apply to their use to monitor adherence, 

and direct questioning of the patient is probably a better method of determining this(34-35).  Our study is 

limited by markers obtained during the study which did not included newer assays such as PINP.  Further, 

only annual measurements were available.  

The measurement of bone turn over markers was done in annual batches which may have allowed for 

mean drift over time and increased within-person variation compared to if all assays were done in the 

same batch. This issue applies equally to alendronate and placebo groups, so the estimates of treatment 

effects should be un-biased. It also reflects what happens in actual clinical practice, and if anything 

within-person variation is likely to be under-estimated in the trial setting because of minimisation of pre-

analytic sources of variation (through standardisation of timing of specimen collection for example). Our 

estimates are therefore likely to be best case scenario estimates of the value of response monitoring using 

bone turn over markers in clinical populations.  

For the first two years of the study, a lower dose of alendronate (5 mg) was used than is usually taken in 

clinical practice. The mean increase in treatment effect with time is likely to be due in large part to the 

increase in dose at 3 years (to 10 mg). There was no change in the variation due to treatment with time, 

suggesting the increase in dose did not affect variation in treatment response. Our estimates of between 

person variation and within person variation are likely to be similar to those if the higher dose was used 

for all 3 years. 
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In conclusion, we found very strong evidence of substantial between-person variation in the effects of 

alendronate on both a marker of bone resorption and a marker of bone formation. Thus, bone turnover 

over could represent a potentially useful method to monitor bisphosphonate treatment.   However given 

the large within person variation that currently exists for these markers, they are likely to be of limited 

value for monitoring in clinical practice.  
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Table 1: Observed changes in Alendronate and Placebo groups at one year 

Therapy Baseline Level One year 
Level 

% Change from 
baseline* 

 
NTX(nmol/ 
mmol Cr) 

    

 Alendronate Number  
465 

 
427 

 

  Mean 64.6 25.0 63%↓ 
  Median 57.0 20.1  
  2.5 to 97.5 

Percentile 
 
21.7 to 145.4 

 
8.0 to 73.5 

88%↓ to 23%↑ 

 Placebo  
Number 

 
466 

 
432 

 

  Mean 62.3 47.4 26%↓ 
  Median 57.7 42.7  
  2.5 to 97.5 

Percentile 
 
22.5 to 126.3 

 
16.3 to 114.0 

66%↓ to 83%↑ 

 
BAP (ng/ml) 

    

Alendronate Number 626 594  
 Mean 12.1 7.3 41%↓ 
 Median 11.4 6.8  
 2.5 to 97.5 

Percentile 
 
5.2 to 22.9 

 
2.8 to 15.3 

 
72%↓ to 14%↑ 

Placebo  
Number 

 
656 

 
630 

 

 Mean 12.1 10.5 14%↓ 
 Median 11.5 10.1  
 2.5 to 97.5 

Percentile 
 
5.4 to 22.2 

 
4.2 to 19.8 

 
53%↓ to 48%↑ 
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*% change is calculated by back transforming change on log-scale 
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Table 2: True treatment effects after one year of treatment estimated from mixed models* 

 Baseline level 
(ng/ml) † 

Treatment effects on marker 
(Vertebral Fracture Arm)  

Treatment effects on marker 
(Clinical Fracture Arm) 

Between person variation in treatment 
effects: within person variation 

 Mean 95% distribution of 
effects 

Mean 95% distribution of 
effects 

Between 
person CV 
for treatment 
effects 

Within 
person CV 
for change 

Ratio of 
treatment 
effects:within 
person 
variances (on 
logscale) 

 
NTX 

 
nmol/mmol Cr 

     
 
25.1% 

 
 
42.5% 

 
 
0.31  8 46.7%↓ 65.6%↓ to 17.4%↓ 41.8%↓ 62.5%↓ to 9.9%↓ 

 58 55.3%↓ 71.2%↓ to 30.7%↓ 51.2%↓ 68.5%↓ to 24.4%↓ 
 108  62.5%↓ 75.8%↓ to 41.9%↓ 59.1%↓ 73.6%↓ to 36.6%↓ 
 158 68.6%↓ 79.7%↓ to 51.3%↓ 65.7%↓ 77.9%↓ to 46.8%↓ 
 
BAP 

 
ng/ml 

     
 
21.2% 

 
 
25.8% 

 
 
0.58  2  2.7%↓ 33.2%↓ to 41.9%↑  15.1%↓ 41.8%↓ to 23.7%↑  

 12  13.8%↓ 40.9%↓ to 25.6%↑  24.9%↓ 48.5%↓ to 9.5%↑ 
 22  23.7%↓ 47.7%↓ to 11.2%↑ 33.5%↓ 54.4%↓ to 3.1%↓ 
 

* Mixed model has interactions between treatment and baseline level of marker and between treatment and trial arm. 

†Example baseline levels chosen to represent range of data
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APPENDIX 

Explanation of Model fitting strategy 
We fitted a series of mixed models to the FIT bone turn over data where level one was 

within patient (time) and level two was patient level (all other predictors). A brief 

summary of model fitting is provided here with an outline of the alternative models in 

order of increasing complexity. For all models the intercept refers to one year after 

starting treatment which is the first measurement on treatment. The alternative models 

were compared using likelihood ratio tests to see which model provided the best fit for 

the data. Appendix Figure provides a schematic overview of the model fitting process 

which we used for both NTX and BAP.  For both types of models we applied a natural 

log transformation to marker levels (the outcomes for the models) so that residuals were 

normally distributed. We started with the least complex model (Model 0) and used 

forward selection to add the parameters that met the criteria for inclusion until the final 

model (Model 4) was reached.   

The simplest model, Model 0 (random intercept, no treatment effect) included all 

significant predictors except treatment. For NTX these were: baseline NTX level (nmol/ 

mmol Cr), baseline hip bone mineral density (g/cm2), age (years), trial arm (vertebral or 

clinical fracture arm) and time. For BAP these were: baseline BAP level (ng/ml) and trial 

arm. The predictors were fitted to have the same effect for everyone (i.e. they were fixed 

effects). This model also included a term for between-person variation in measurement at 

one year (random intercept) and a term for within-person variation (residual). 

In Model 1 treatment was fitted to have the same effect for everyone (Model 1: random 

intercept, fixed treatment effect). Model 1 was also used to investigate effect modifiers of 

treatment. For the NTX models, the following interaction terms were assessed for 
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significance: treatment×baseline NTX, treatment×baseline hip bone mineral density, 

treatment×age, treatment×trial arm and treatment×time. For the BAP models, we 

assessed: treatment×baseline BAP, treatment×trial arm and treatment×time. In this way 

we identified factors that modify the effect of treatment. 

Model 2 was an extension of Model 1 that included a term for between-person variation 

in change over time to account for the fact that individuals may differ in how their 

measurements change over time (Model 2: random intercept and random time effects, 

fixed treatment effect).   

Model 3 was an extension of Model 2 that included a term for between-person variation 

in treatment effect at one year (Model 3: random intercept, random time effects and 

random treatment effects).  
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Appendix Figure: Schematic overview of Model fitting (All models have intercepts 
at 1 year after starting treatment)* 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 
  

Model 0:  Random Intercept,  
No Time or Treatment effects 

Model 2:  Random Intercept, 
Random Time Effects and Fixed 
Treatment Effect 
(Same treatment effect for 
everyone at one year) 
 

*Adapted from Ref (3). Models were built sequentially from the simplest model 
(Model 0) to the most complex (Model 3). Likelihood ratio tests were used to 
decide on the final model (Model 3). 

Model 1:  Random Intercept,  
Fixed Time Effect, Fixed 
Treatment Effect 
(Same treatment effect for 
everyone at one year) 

Model 3:  Random Intercept, 
Random Time Effects and 
Random Treatment Effects 
(Treatment effects differ between 
individuals at one year) 
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Estimation of number of measurements needed at baseline 

We estimated the number of measurements n needed so that, for a fixed percentage y, the 

observed average  was within y% of the true baseline with probability 0.95.  In other 

words, if the true baseline measurement is 𝑇𝑇𝐵𝐵and the observed mean of n measurements 

is 𝑂𝑂𝑛𝑛, then for a fixed percentage y we want n such that 

 𝑃𝑃 ��1 − 𝑦𝑦
100
� 𝑇𝑇𝐵𝐵 < 𝑂𝑂𝑛𝑛 < �1 + 𝑦𝑦

100
� 𝑇𝑇𝐵𝐵� ≥ 0.95  

We assumed that that 𝑇𝑇𝐵𝐵is normally distributed and that 𝑂𝑂𝑛𝑛 = 𝑇𝑇𝐵𝐵 + (𝜖𝜖1 + ⋯+ 𝜖𝜖𝑛𝑛)/𝑛𝑛, 

where 𝜖𝜖, the measurement error of a single measurement, is assumed to be normally 

distributed. We also change the roles of n and y so that for a fixed number of 

measurements, we determined y so that with 95% probability the average of the n 

baseline measurements would lie within y% of the true baseline. We also repeated all 

calculations replacing 95% probabilities with 80% probabilities. 

 

For 1 measurement, an observed baseline level of marker would be within 55% of the 

woman’s true baseline level with 95% certainty, or within 34% of the true baseline level 

with 80% certainty.  
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Appendix Table 1: Level of uncertainty of observed baseline level of NTX when 

mean of increasing number of measurements used 

 

Number of measurements 

used 

Percentage of true baseline 

level that observed level is 

within, with 95% certainty 

Percentage of true 

baseline level that 

observed level is within, 

with 80% certainty 

1 55 34 

2 38 24 

3 31 20 

4 27 17 

5 24 16 

10 17 11 

20 12 7 
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Estimation of number of Measurements needed for estimating apparent change 

We use the following method to estimate the number of measurement occasions needed 

to be certain that if the apparent change in bone turn over marker (A) is < m, the true 

change due to treatment (T) is also < m. (We assume here that A and T are the logarithm 

of the apparent and true change respectively.)  The  number of measurement occasions 

needed (n) is calculated separately for the time periods before treatment and after 

treatment has been started.  T is assumed to be normally distributed with mean μ and 

variance ζ2. The within person variances of the mean of n measurement occasions taken 

before treatment ε1 and after treatment ε2  are also assumed to be normally distributed, 

both with mean 0 and variance σ2 (mean of n measurements).  The apparent change may 

be written as 

𝐴𝐴 = 𝑇𝑇 + 𝜀𝜀1 + 𝜀𝜀2, which has a normal distribution with mean μ and variance ζ 2+ 2σ 2 . 

The covariance between T and A is ζ 2. To be 95% certain that an apparent change < m 

reflects a true change < m mmHg, we seek to find a value of σ 2 (mean of n -of σ 2 (mean 

of n measurements) such that P(T < m, A < m) / P(A < m) = 0.95. 

Once we have the value σ 2 (mean of n measurements), the number of measurement 

occasions (n) needed before and after treatment may be calculated from the following 

equation: 

n=σ 2(1 measurement) /σ 2(mean of n measurements).  

 

 

 


	AUTHORS:
	Katy J.L. Bell, Andrew Hayen, Les Irwig, Marc C. Hochberg, Kristine E. Ensrud, Steve Cummings, Douglas C. Bauer

