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Abstract

Purpose: We sought to examine the association between shorter-term changes in markers of
bone turnover and longer-term changes in bone mineral density (BMD) and microstructure in a
cohort of frail elderly women with multiple comorbid conditions including osteoporosis.

Methods: We performed a secondary analysis of a 2-year zoledronic acid trial for osteoporosis in
155 women residents of long-term care communities (mean age 86.9 years). We examined the
association of the 6-month change in serum C-terminal crosslinking telopeptide of type I collagen
(CTX) and serum intact procollagen type I N propeptide (PINP) with the 12- and 24-month
changes in BMD at the spine and hip and the trabecular bone score (TBS), an indirect measure of
bone microstructure.

Results: For every 0.2 ng/ml 6-month CTX decrease, the corresponding increase in spine BMD
at 12 and 24 months were 0.2% (p=0.7210) and 1.1% (p=0.0396), respectively; total hip BMD
1.1% (p=0.0279) and 0.9% (p=0.0716); and femoral neck BMD 1.7% (p=0.0079) and 0.9%
(p=0.1698). Similarly, for every 20 ng/ml 6-month PINP decrease, the corresponding increase in
spine BMD at 12 and 24 months were 0.9% (p=0.0286) and 1.4% (p=0.0012), respectively; total
hip BMD 1.4% (p=0.0005) and 1.4% (p=0.0006); and femoral neck BMD 2.3% (p<0.0001) and
2.0% (p<0.0001). Bone marker changes were not consistently associated with TBS changes.

Conclusion: Shorter-term 6-month changes in bone turnover markers are associated with the
long-term changes in BMD over 1-2 years in the spine and hip but not with TBS.

Mini Abstract:
Clinicians and patients want to know if therapy is working early in their course of treatment. We

found that early changes in bone turnover markers at 6 months were associated with long-term
changes in bone mineral density but not trabecular bone score at 12 and 24 months.
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Introduction

Methods

Osteoporosis impacts 50% of women and 20% of men over age 50 years, and multiple
antiresorptive and osteoanabolic therapies are available for treatment of patients at risk for
fracture [1]. Once patients are on therapy, health care providers and patients would benefit
by knowing early on if therapy is likely to be beneficial. Efficacy of therapy can be followed
by surrogate assessments such as bone mineral density (BMD), but their changes, especially
due to antiresportive therapy, are slow and may occur over 2-3 years. Alternatively, markers
of bone turnover are more dynamic measures that respond in 3—-6 months to osteoporosis
therapy. These acute and short-term responses have the potential to help predict the longer
changes in BMD and fracture reduction [2].

Bone turnover markers of resorption and formation have previously demonstrated significant
changes with therapy for osteoporosis. Previous studies have demonstrated that bone
turnover markers significantly decrease with antiresorptive therapy and increase with
osteoanabolic therapy [3-6]. Furthermore, investigators have suggested that early changes in
bone turnover markers may predict bone density response to therapy in middle-aged healthy
women in the pivotal trials [7]. Early changes in bone turnover markers with antiresorptive
therapy have also been associated with a reduction in fracture risk [8-11]. However, little
data are available in fail older patients with multiple comorbid conditions who are at the
highest risk of future fracture. Whether findings from previous studies conducted in younger,
healthier cohorts translate to an older, sicker population remains to be seen. Moreover, there
are little data that have examined the relationship between bone microarchitecture measured
by trabecular bone score (TBS) and bone turnover [12], particularly in older women.

To examine the ability of early changes in bone turnover markers to predict longer term
changes in BMD and TBS, we performed a secondary analysis of a zoledronic acid trial for
osteoporosis in elderly women residents in long term care communities [13]. Our goal was
to see if changes in markers of bone turnover after 6 months of therapy with a potent
antiresorptive intravenous medication would be associated with the changes in bone density
and TBS over the 2 years following infusion.

Study subjects

As previously described [13], the parent trial enrolled women age 65 and older, residing in a
nursing home or assisted-living facility, who were not receiving a bisphosphonate but had a
history of a vertebral or hip fracture or BMD in the osteoporosis range based on the 2003
guidelines of the National Osteoporosis Foundation [1]. The parent study had 181 women,
of which only 158 completed the one-year DXA and 132 completed the 2-year DXA due to
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dropout, morbidity, and mortality [13]. The present secondary sub-analysis involved only
155 participants with both baseline and 6-month data for bone turnover markers.

Study Protocol

The double-blind, placebo-controlled parent trial included women who were randomized to

receive one dose of intravenous zoledronic acid (5 mg) or matching placebo at baseline [13].
Participants were followed for 2 years. All participants received 800 IU vitamin D and 1200
mg of calcium (supplement plus diet) daily.

Measurement

We measured BMD at the hip (total hip, femoral neck) and spine (posterior-anterior) at
baseline, 12 and 24 months by dual x-ray absorptiometry (DXA) (Discovery densitometer,
Hologic Inc., Marlborough, MA) as previously described [13]. Precision error of DXA scans
in this population ranged from 1.2% — 1.9% [14]. Trabecular bone score (TBS) is derived
from texture analysis of two-dimensional DXA images and is an indirect measure of bone
microarchitecture [15-18]. TBS was extracted from the PA spine DXA measurements at
baseline, 12 and 24 months using TBS iNsight software (Medimaps Group, Geneva,
Switzerland). The 10-year fracture risk (FRAX) was calculated using baseline femoral neck
BMD [19]. Non-fasting blood samples were collected at baseline and 6 months for
assessment of serum C-terminal crosslinking telopeptide of type I collagen (CTX; Crosslaps,
Osteometer Biotech, Herlev, Denmark) as a marker of bone resorption and serum intact
procollagen type I N propeptide (PINP; Orion Diagnostica, Espoo, Finland) as a marker of
bone formation. Inter- and intra-assay variability was 3.66% and 8.15% for CTX and 4.79%
and 4.14% for PINP, respectively.

Functional assessments at baseline included the Katz Activities of Daily Living scale [20],
Instrumental Activities of Daily Living scale [21], gait speed [22,23], Short Portable Mental
Status Questionnaire [24], Comorbidity Index [25], modified Fried Frailty Index
(categorized as frail, prefrail or robust) [26] and the Nursing Home Physical Performance
Test [27].

Statistical Analysis

We used appropriate descriptive statistics to summarize participant characteristics at
baseline. We used Pearson correlation coefficients to assess baseline associations among
markers of bone turnover, measures of bone density/structure, fracture risk (by FRAX
score), and function. We fitted a series of linear mixed models with each of the raw and
percent change in skeletal measures as the dependent variable; baseline to 6-month change
in each of the markers, follow-up time (12/24 months) and their interaction as fixed effects
of interest; baseline values of markers and dependent variable, and the treatment group
(zoledronic acid/placebo) as fixed effect covariates; and a participant random effect to
account for repeated measurements. Model coefficients and standard errors for CTX and
PINP change were re-scaled to 0.2 and 20 ng/ml, respectively, for a more intuitive
interpretation without altering their statistical significance. Following methodology in
similar prior work [5], bone marker changes were categorized into tertiles based on 6-month
change in CTX (<-0.14, -0.14 to 0.03, >0.03 ng/ml) and PINP (<-17.2, -17.2 to -0.1, >
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-0.1 ng/ml). We also used the said categorical operational definitions instead of the
continuous ones in the mixed models, and obtained between-tertile differences. All
statistical analyses were performed using SAS® version 9.3 software (SAS Institute, Inc.,
Cary, North Carolina).

Results

Patients

The mean age + standard deviation of the participants was 86.9 £ 5.1 years. The average
functional assessments including gait speed, physical performance tests, IADL, ADL,
Frailty Index and co-morbidity score are shown in Table 1. Forty-six percent of the women
had at least one mild and 28% had at least one moderate vertebral fracture at baseline. The
average FRAX score for a hip fracture was 8.8 + 9.2% and for a major osteoporotic fracture
was 21.6 £ 9.9%. The total hip BMD T-score was —2.1 + 1.1 and lumbar spine —0.8 £ 1.7.
Mean marker levels were CTX, 0.41 + 0.22 ng/ml and PINP, 48.3 + 26.2 ng/ml. Mean 6-
month changes in bone turnover markers were —5.46 + 49.26 ng/ml for CTX and -14.52 +
45.72 ng/ml for PINP. After 12 months, mean changes in BMD were 1.9 + 4.1% at the spine,
1.2 £ 4.2% at the total hip, and 0.6 £ 5.7% at the femoral neck. BMD changes after 24
months were 2.3 + 5.3% at the spine, 0.5 + 5.1% at the total hip, and —-1.5 + 5.3% at the
femoral neck.

Biochemical markers of bone turnover

At baseline there was a statistically significant but modest magnitude association between
the markers of bone turnover and BMD at total hip and femoral neck (Table 2) but not with
spine BMD or functional status. Baseline FRAX scores were not associated with baseline
functional status scores (not shown in table).

For every 0.2 ng/ml 6-month CTX decrease, the corresponding increase in spine BMD at 12
and 24 months were 0.2% (p=0.7210) and 1.1% (p=0.0396), respectively; total hip BMD
1.1% (p=0.0279) and 0.9% (p=0.0716); and femoral neck BMD 1.7% (p=0.0079) and 0.9%
(p=0.1698) (see Table 3). Those in the tertile that had the greatest 6-month CTX decrease (<
—0.14 ng/ml) had 2.3% (p=0.0488) greater gains in total hip BMD over 24 months and 3.3%
(p=0.0218) greater gains in femoral neck BMD over 12 months compared to those in the
tertile with the least 6-month CTX decrease (>0.04 ng/ml). The same information is
graphically depicted in Figure 1. Additional data are provided in Online Resource 1.
Similarly, for every 20 ng/ml 6-month PINP decrease, the corresponding increase in spine
BMD at 12 and 24 months were 0.9% (p=0.0286) and 1.4% (p=0.0012), respectively; total
hip BMD 1.4% (p=0.0005) and 1.4% (p=0.0006); and femoral neck BMD 2.3% (p<0.0001)
and 2.0% (p<0.0001). Those in the tertile that had the greatest 6-month PINP decrease (<
-17.2 ng/ml) had 2.6% (p=0.0391) greater gains in spine BMD over 24 months compared to
those in the tertile with the least 6-month PINP decrease (>-0.1 ng/ml). Bone markers
changes did not show a consistent association with changes in TBS.
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Discussion

In our secondary analysis, we found that shorter term 6-month changes in markers of bone
resorption and formation are associated with longer-term changes over 1-2 years in lumbar
spine and total hip BMD but not TBS. Previous studies have examined the relationship of
bone turnover markers with bone density following oral bisphosphonates. Burnette-Bowie
and colleagues performed a post-hoc secondary analysis of women treated with oral
alendronate [7]. Patients in the tertile with the greatest decrease in bone turnover markers
had the greatest increase in BMD. Similar to our study, they observed that the bone turnover
and BMD response over time were greater for sites rich in trabecular bone (spine) than sites
with more cortical bone (hip and femoral neck). They also noted that characteristics of those
that did not respond to therapy included younger age of menopause, family history of
osteoporosis, and a higher baseline trochanteric hip BMD [7]. The TRIO study examined
women on 3 different types of oral bisphosphonates (alendronate, risedronate and
ibandronate) and found that the change in markers at 4, 12, and 48 weeks was inversely
related to change in hip and spine BMD at 48 and 96 weeks [28]. We have also previously
shown that early 6-month changes in bone turnover markers were associated with changes in
BMD at three years in women receiving alendronate, hormone replacement therapy, or the
combination of the both therapies [29,5] or alendronate alone over 2.5 years [29,5]. Others
have also demonstrated that bone turnover markers predict hip fracture in women not on
therapy [30] and can predict fractures in women on bisphosphonate therapy [31].

Other investigators have looked at a similar association of bone turnover markers and
changes in BMD following anabolic therapy with teriparatide and antiresorptive therapy
with denosumab. Tsai and colleagues reported that when women were treated with
teriparatide or denosumab, the early changes in bone turnover markers (increases with
teriparatide and decreases with denosumab) predicted the 2-year gains in BMD at the spine
and hip [32]. Bauer and colleagues also examined bone turnover markers and the BMD
response to therapy in patients treated with parathyroid hormone (PTH), an osteoanabolic
agent [4]. They reported that higher levels of baseline PINP were associated with greater
increases in BMD, and the short-term increases in turnover markers were associated with
greater one-year increases in spine and hip BMD. Other investigators have also reported
similar findings with abaloparatide [33] and PTH in women on glucocorticoids [34].
Because the parent trial used an antiresorptive therapy, we would not expect to observe such
increases in bone turnover markers.

We did not find a consistent significant association with bone turnover markers and TBS.
TBS is an indirect measure of trabecular connectivity that has demonstrated significant
correlations with 3-D bone microarchitecture assessments [16-18]. However, changes in
TBS with treatment are small in comparison to gains in BMD [35]. In our study, changes in
TBS after one dose of zoledronic acid may not have been of sufficient magnitude to detect
differences between tertiles of participants based on early bone marker changes.
Additionally, the impact of zoledronic acid on bone microarchitecture may be difficult to
discern using TBS measurements derived from DXA images. Previous investigations using
higher resolution imaging techniques such as micro computed tomography have
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demonstrated mixed effects of zoledronic acid treatment on trabecular density and
connectivity [36,37].

Our study had several limitations. It was short-term and neither intended nor was sufficiently
large to examine fractures. Our cohort of older women had multiple comorbid conditions
and lower gait speed; the results may not translate to men or younger and healthier women.
Furthermore, although our samples were obtained in the morning, they were not fasting and
the assays and markers may be altered with food [38]. Finally, clinically significant
dichotomous indicators such as a BMD improvement above a certain threshold are most
meaningful. However, they also require larger sample sizes to have adequate statistical
power which we could not ensure within the confines of the present unplanned secondary
analysis.

Our study does have several strengths despite these limitations. Other larger studies with
healthier women have examined short-term changes in bone turnover markers with
zoledronic acid and looked at long-term changes in BMD [11]. However, we enrolled a more
frail cohort of women who would have likely not been included in these pivotal trials and
who may have varying responses to zoledronic acid therapy. All participants were enrolled
by a single team from an academic university hospital mobile unit using a Hologic bone
densitometer that reduces the inter-site and inter-instrument variability in bone mass
measurements that often requires statistical adjustment. Because we performed all
assessments on site at the long-term care facility, our cohort is more generalizable to the
target population of frail older adults that have the highest risk of fracture.

In summary, early changes in bone turnover markers in frail older women with osteoporosis
were associated with longer-term changes in lumbar spine, total hip and femoral neck BMD.
There was no evidence that changes in these markers predict changes in TBS in this
population. Future studies are needed to determine if markers are helpful in predicting the
long-term outcome following therapy on an individualized basis in the senior community
population, and validating any such predictive rules.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Percent change in bone mineral density by bone marker tertiles
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CTX Tertiles
EE <-0.14 ng/ml
-0.14 - 0.03 ng/ml
== > 0.03 ng/ml

P1INP Tertiles
EE <-17.2 ng/ml
-17.2 -- 0.1 ng/ml
s >-0.1 ng/ml

A-C.Percent change in BMD at the lumbar spine (A), total hip (B), and femoral neck (C) at
12 and 24 months among tertiles grouped by 6-month change in CTX. D-F. Percent change
in BMD at the lumbar spine (D), total hip (E), and femoral neck (F) at 12 and 24 months
among tertiles grouped by 6-month change in PINP. *p<0.05 compared to lowest tertile (<

-0.14 ng/ml for CTX and <-17.2 ng/ml for PINP). CTX: C-terminal crosslinking

telopeptide of type I collagen; PINP: procollagen type | N propeptide; BMD: bone mineral

density
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Participant Characteristics (n=155)

Age (years) 86.9+5.1
BMI (kg/m?) 27653
IADL (0-14) 6.4+42
ADL (0_14)'3 10.4+£3.3
Gait speed (m/s) 0.53+0.45
CTX (ng/ml) 0.41+0.22
PINP (ng/ml) 48.3+26.2
Total hip
BMD (g/cm?) 0.688 + 0.132
T-score -21+1.1
Lumbar spine
BMD (g/cm?) 0.962 + 0.185
T-score -08+1.7
TBS 1.305 + 0.294
FRAX major fracture risk (%) 21.6+9.9
FRAX hip fracture risk (%) 8.8+9.2
Comorbidity index (0-8 domains)? | 3713
Cardiac problems 53 (34.2)
Neurological problems 5(3.2)
Musculoskeletal problems 152 (98.1)
Sleep/pain/depression 106 (68.4)
Visual/hearing problems 114 (73.5)
Diabetes 28 (18.1)
Cancer 42 (27.1)
Lung problems 58 (37.4)
Frailty, n(%)
Frail 100 (64.5)
Prefrail 44 (28.4)
Robust 11(7.1)

Mean * standard deviation or n(%)
a .
Lower score is worse,

b . .
Higher score is worse

Table 1:

Page 11

BMI: body mass index; IADL: instrumental activities of daily living; ADL: activity of daily living; CTX: C-terminal crosslinking telopeptide of

type | collagen; PINP: procollagen type | N propeptide; BMD: bone mineral density; TBS: trabecular bone score
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Pearson Correlation Coefficients between Baseline Measures and Bone Turnover Markers

Measures CTX PINP
Spine BMD -0.031 -0.066
Total Hip BMD —0.298% -0178%
Femoral Neck BMD  _g 1g5* —0.153
TBS -0.033  0.007
IADL -0.049 -0.081
ADL -0.112 -0.102
Gait speed -0.157 -0.098
"p<0.05;

Table 2:

Page 12

CTX: C-terminal crosslinking telopeptide of type I collagen; PINP: procollagen type I N propeptide; BMD: bone mineral density; TBS: trabecular

bone score; IADL: instrumental activities of daily living; ADL: activity of daily livin
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Table 3:

Page 13

Associations between 6-month change in bone turnover markers and 12- to 24-month percent change in

a
skeletal measures

Shorter-Term 6-
Month Changein

L onger-Term Percent Changein Skeletal Measures

Marker of Bone Spine BMD Total Hip BMD Femoral Neck BMD TBS
Turnover

12 Months | 24 Months | 12Months | 24 Months | 12Months | 24 Months | 12 Months | 24 Months
CTX Change:
Continuous (per 0.2 0.2+0.5 1.1+0.5 1.1+0.5 0.9+0.5 1.7£0.6 0.9+0.6 -1.3+0.7 -1.5+0.7
ng/ml decrease) (0.7210) (0.0396) (0.0279) (0.0716) (0.0079) (0.1698) (0.0718) (0.0386)
Tertile 1 (<—0.14 ng/ml) 0.6+1.2 2.5%1.2 1711 2.3%1.2 3.3+x14 1.6x15 -1.9£1.6 -2.0£1.7

(0.6376) (0.1040) (0.1392) (0.0488) (0.0218) (0.2947) (0.2430) (0.2495)

Tertile 2 (-0.14 to 0.03 0.1+1.0 0.6+1.0 0.8+0.9 1.7+¢1.0 1.5+1.2 0.6+1.3 -2.7£1.3 -1.9+1.5
ng/ml) (0.9195) (0.5565) (0.3623) (0.0946) (0.2039) (0.6414) (0.0433) (0.2029)
Tertile 3 (>0.03 ng/ml) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

(reference) | (reference) | (reference) | (reference) | (reference) | (reference) | (reference) | (reference)
PINP Change:
Continuous (per 20 0.9+0.4 1.4+0.4 1.4+0.4 1.4+0.4 2.3+0.5 2.0£0.5 -0.0+0.6 -0.7+0.6
ng/ml decrease) (0.0286) (0.0012) (0.0005) (0.0006) (<0.0001) (<0.0001) (0.9882) (0.2489)
Tertile 1 (<-17.2 ng/ml) 0.7+£1.2 2.6+1.2 -0.7+1.2 -0.1+1.2 0.7+1.5 1.4+1.6 2.0+1.7 -0.7+1.8

(0.5549) (0.0391) (0.5335) (0.9608) (0.6167) (0.3709) (0.2270) (0.6931)

Tertile 2 (-17.2t0 -0.1 0.1+1.0 1.1+1.1 -0.1+1.0 15+1.1 -0.6+1.2 1.9+1.3 1.1+1.4 -0.8+1.5
ng/ml) (0.8838) (0.2861) (0.9065) (0.1441) (0.6148) (0.1570) (0.4312) (0.6002)
Tertile 3 (>-0.1 ng/ml) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

(reference) | (reference) | (reference) | (reference) | (reference) | (reference) | (reference) | (reference)

a - - .
Rescaled model coefficient + standard error (p-value) adjusting for baseline values of marker and skeletal measure and treatment arm.

CTX: C-terminal crosslinking telopeptide of type I collagen; PINP: procollagen type I N propeptide; BMD: bone mineral density; TBS: trabecular
bone score P-value for continuous change in markers indicate the statistical significance, model coefficient for continuous change in markers
indicate rate of association, and model coefficients for tertiles indicate a more intuitive means difference between tertiles.
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