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Abstract

We have previously reported that premenopausal women with idiopathic osteoporosis (I0OP) have
profound microarchitectural deficiencies and heterogeneous bone remodeling. Those with the
lowest bone formation rate have higher baseline serum IGF-1 levels and less robust response to
teriparatide. Because IGF-1 stimulates bone formation and is critical for teriparatide action on
osteoblasts, these findings suggest a state of IGF-1 resistance in some I0P women. To further
investigate the hypothesis that osteoblast and IGF-1 related mechanisms mediate differential
responsiveness to teriparatide in 10P, we studied circulating osteoblast progenitor (COP) cells and
their IGF-1 receptor (IGF-1R) expression.

In premenopausal women with 10P, peripheral blood mononuclear cells (PBMCs) were obtained
at baseline (n=25) and over 24 months of teriparatide treatment (n=11). Flow cytometry was used
to identify and quantify COPs (non-hematopoetic lineage cells expressing osteocalcin and Runx2)
and to quantify IGF-1R expression levels.

At baseline, both the percent of PBMCs that were COPs (%COP) and COP cell-surface IGF-1R
expression correlated directly with several histomorphometric indices of bone formation in
tetracycline-labeled transiliac biopsies. In treated subjects, both %COP and IGF-1R expression
increased promptly after teriparatide, returning toward baseline by 18 months. While neither
baseline %COP nor increase in %COP after three months predicted the BMD response to
teriparatide, the percent increase in IGF-1R expression on COPs at 3 months correlated directly
with the BMD response to teriparatide. Additionally, lower IGF-1R expression after teriparatide
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was associated with higher body fat, suggesting links between teriparatide resistance, body
composition and the GH/IGF-1 axis.

In conclusion, these assays may be useful to characterize bone remodeling noninvasively, and may
serve to predict early response to teriparatide, and possibly other bone formation stimulating
medications. These new tools may also have utility in the mechanistic investigation of teriparatide
resistance in premenopausal 10P, and perhaps in other populations.
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INTRODUCTION

Idiopathic osteoporosis (IOP) is an uncommon disorder that affects young, otherwise healthy
individuals with intact gonadal function and no secondary cause of bone loss!. Using high
resolution peripheral quantitative CT (HR-pQCT) of the distal radius and tibia?, central
quantitative CT of the lumbar spine and proximal femur3 and microCT of iliac bone biopsies
(obtained in 64 subjects and 40 controls)*, we reported that, compared to healthy
premenopausal controls, premenopausal women with IOP have substantial microstructural
deficits at both central and peripheral skeletal sites: thinner cortices; fewer, thinner, more
widely separated and heterogeneously distributed trabeculae; and reduced bone stiffness by
finite element analysis?—. Bone remodeling, whether based upon serum bone turnover
markers or tetracycline-based dynamic histomorphometry, was quite heterogeneous.
However, compared to subjects in the highest tertile of bone remodeling as assessed by bone
formation rate (BFR/BS), those in the lowest tertile had significantly higher serum insulin-
like growth factor-1 (IGF-1) concentrations, lower mean wall thickness and trabecular bone
volume fraction (BV/TV) and more disrupted trabecular microarchitecture. These
observations suggest that women with IOP and low bone remodeling synthesize less bone
matrix per remodeling site, and that osteoblast dysfunction, possibly due to resistance to
IGF-1, may be involved in the pathogenesis®.

In 2008, we initiated an open-label, pilot study of teriparatide 20 ug daily in 21
premenopausal women with IOP. On average, we observed impressive 6-11% mean gains in
areal BMD (aBMD) by dual energy X-ray absorptiometry (DXA)®. Paired transiliac bone
biopsies performed before and after 18 months of treatment in 19 participants revealed
marked improvements in trabecular structure and stiffness®. However, we also observed
variability in response to teriparatide, with four of the 21 participants (19%) having no
significant increase in aBMD at any site. BMD Non-Responders had 5-fold lower bone
formation rate on pre-treatment biopsies and significantly (30%) higher baseline serum
IGF-15. In addition, baseline serum IGF-1 was inversely associated with 12-month increase
in spine aBMD in the entire group (/=-0.50; p = 0.03)°. Since IGF-1 stimulates bone
formation and is critical for teriparatide action on osteoblasts, these data led us to
hypothesize that in some women with 1OP, osteoblasts are resistant to IGF-1 and hence
teriparatide.
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To investigate this hypothesis, we used a recently characterized population of circulating
cells with osteogenic potential®. These circulating osteoblast progenitor (COP) cells express
osteoblast specific markers (osteocalcin and Runx2) and can be identified, quantified, and
isolated from peripheral blood mononuclear cells via flow cytometry’—2. Several groups
have shown that these cells exhibit osteoblast-like behavior: COPs form mineralized nodules
in vitro, correlate with other indices of bone remodeling assessed in serum and by
quantitative histomorphometry in several populations, increase with puberty and increase in
response to parathyroid hormone’~12, We measured COPs and the expression of the IGF-1
receptor (IGF-1R) on the COP cell surface within both the cross sectional (baseline) and
teriparatide-treated IOP groups.

METHODS

Participants: Premenopausal women with idiopathic osteoporosis (IOP)

Premenopausal women, aged 18-48, were recruited at Columbia University Medical Center
(CUMC), New York, NY and Creighton University, Omaha, NE by advertisement, self- or
physician referral as previously described in detail2. Included were women with a
documented low-trauma fracture after age 18 (regardless of whether aBBMD was low) as well
as women with low aBMD by dual energy x-ray absorptiometry (DXA; T score<—2.5 or Z
score<—2.0) at the spine or hip without history of adult low trauma fracture. Inclusion and
exclusion criteria were previously reported!3. We defined premenopausal status as regular
menses off hormonal contraception and early follicular phase follicle stimulating hormone
(FSH) levels <20 mIU/mL. Secondary causes of osteoporosis were excluded by detailed
history, physical and biochemical evaluation!3. All subjects provided written informed
consent. The Institutional Review Boards of both institutions approved these studies.

We have previously conducted a cross sectional study to characterize bone microstructure
and metabolism in premenopausal women with IOP (n=64)24. From that cross-sectional
study, PBMC samples for COP studies were available in 25 of the original 64 participants;
these 25 comprise the “cross-sectional” cohort for this study.

In 2008, we initiated an open-label, pilot study of teriparatide 20 pg daily in 21
premenopausal women with IOP®, who had previously participated in the cross-sectional
study. From this longitudinal study of 21 women, PBMC samples for COP studies were
available at baseline and follow up timepoints in 11 subjects. These 11 comprise the
“longitudinal” teriparatide treated cohort for this study. Because all women in the
longitudinal study had also participated in the cross sectional study, these 11 are also a
subset of the 25 cross-sectional subjects.

Biochemical Assays

Fasting morning blood samples were collected during the early follicular phase of the
menstrual cycle on the participant’s usual diet and supplements. Samples were stored at
—80°C for batch analyses in a research laboratory. The following assays were used: 25-
OHD, RIA (Diasorin, Stillwater, MN); intact PTH, RIA (Scantibodies, Santee, CA); N-
terminal propeptides of procollagen type 1 (PANP), (IDS, Scottsdale, AZ); C-telopeptide
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(CTx), ELISA (IDS, Scottsdale, AZ); Insulin-like growth factor 1 (IGF-1) was analyzed by
radioimmunoassay (Alpco Diagnostics, Salem, NH) in the MECORE Laboratory, St.
Josephs Hospital, Bangor, ME.

Areal BMD and body composition by DXA

Areal BMD at the lumbar spine, total hip, femoral neck and distal radius, and whole body
(excluding head) and trunk fat were measured by DXA (Discovery, Hologic Inc., Walton,
MA\) at Columbia and Creighton University Medical Centers as previously described?3,

Transiliac Bone Biopsy

After double-labeling with tetracycline, transiliac biopsy was performed using a Bordier-
type trephine with an inner diameter of 7.5 mm24. The intact biopsy specimens were fixed
and dehydrated in ethanol. Biopsy specimens were embedded in polymethylmethacrylate for
quantitative histomorphometry, sectioned (7 um and 20 um) and stained (Goldner trichrome)
according to established procedures!®. Histomorphometry was performed with a digitizing
image-analysis system (OsteoMeasure, Version 4.00C, OsteoMetrics, Inc, Atlanta, GA). All
structural and remodeling variables were calculated according to American Society for Bone
and Mineral Research recommendations?6.

Quantification of peripheral blood osteogenic precursor (COP) cells

COP cells were analyzed by flow cytometry assay adapted from Khosla et al”:17. Briefly,
frozen peripheral blood mononuclear cells (PBMCs) were thawed and immunostained for
flow cytometry analysis.5= Cell number was assessed by Trypan blue exclusion method.
PBMC (1x10”76 cells) were incubated with the FITC conjugated polyclonal anti-human
osteocalcin (OCN) antibody (clone V19) (Santa Cruz Biotechnology, Santa Cruz, CA) and
eFluor V450-conjugated anti-human lineage cocktail (LIN; from eBioscience, San Diego,
CA) antibodies. For intracellular RUNX2 staining, cells were fixed and permeabilized using
a kit (eBioscience, San Diego, CA). Next, cells were incubated with Alexa Fluor 647
conjugated anti-human Runx2 (Santa Cruz Biotechnology, Santa Cruz, CA). All antibody
incubations were performed at 4°C for 1h. Acquisition and analysis were performed on the
LSRII flow cytometer (Becton Dickinson, San Diego, CA) using FlowJo software (FloJo,
LLC, Ashland, OR). Cells were gated for size, shape and granularity using forward and side
scatter parameters. Hematopoietic lineage positive (LIN+) PBMCs were excluded prior to
gating for specific osteogenic precursor populations: LIN-/OCN+/Runx2+. Isotype IgGs for
each specific antibody were used as negative controls.

Surface IGF1R expression in COPs was measured by flow cytometry analysis using the PE-
conjugated anti-IGF-1R antibody (CD221, BD Pharmingen, San Jose, CA) and calculating
the Median Fluorescence Intensity (MFI) in COPs. An isotype 1gG was used as a negative
control to normalize the MFI and to ensure the specificity of antibody binding.

Our studies were performed on frozen and thawed PBMCs. In a separate small control
cohort, we have shown that there is no significant difference in the measured parameters
between fresh and frozen samples from the same subjects (see Supplemental Figure).
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COP cell sample collection was initiated after the beginning of study enrollment for the
longitudinal study of teriparatide. Only those subjects with available samples at baseline are
included in these analyses.

Statistical Methods

Statistical analyses were performed using SAS software (SAS Institute, Cary NC, USA).
Correlation analyses (Spearman) were used to describe relationships between variables in
these populations. Multivariate linear regression analyses were used to control for covariates.
All data are expressed as mean + standard deviation (SD). Results were considered
significant with p < 0.05.

RESULTS

COP cell samples and bone biopsies were available from 25 women from the cross-sectional
study of 10P, of whom 11 participated in the longitudinal study of teriparatide for IOP.
Characteristics of the study subjects are shown in Table 1.

Peripheral COP Cell Measures Correlate with Biopsy Measures in the Cross-Sectional
Cohort

The percentage of PBMCs identified as COP cells (%COPs) correlated well with biopsy-
based dynamic indices of bone remodeling (Table 2). %COP correlated most strongly with
mineral apposition rate. IGF-1R expression on COPs correlated most strongly with
mineralized perimeter and bone formation rate (Table 2). Trends were seen for correlations
between serum CTX and biopsy parameters, but results were not significant (Table 2). No
significant correlations were seen between %COP/IGF-1R expression and serum CTX,
PINP or IGF-1 (p =0.2-0.9). Both %COP and IGF-1R expression were directly related to
trabecular bone volume fraction, though the relationships were not significant (p=0.06-0.1).

We have previously categorized bone turnover status (low, middle, high) in IOP women
based on bone formation rate (BFR) on bone biopsy at baseline?. Among the 25 subjects
included here, 6 had been categorized as low turnover (BFR: 0.002 + 0.001 mmZ/mm/yr), 10
as middle turnover (BFR: 0.008 + 0.001 mm2/mm/yr), and 9 as high turnover (BFR: 0.015
+0.006 mm2/mm/yr). As we have previously reported®, serum IGF-1 levels were highest in
the low turnover subjects (Figure 1). Conversely, both %COP and IGF-1R expression were
significantly lower among those categorized as low turnover compared to the high turnover
group (Figure 1).

Correlation with body fat

At baseline, %COP did not correlate with BMI or body fat. In contrast, higher body fat and
trunk fat were significantly associated with lower IGF-1R expression (Table 2).

Correlation with aBMD response to teriparatide

Of the 25 subjects included in the cross-sectional cohort, 11 also participated in a
longitudinal study of teriparatide. In this group, BMD increased substantially in response to
teriparatide - by 12.9 + 5.7% at the spine and 6.9 + 4.6% at the femoral neck. As we had
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observed in the entire treatment group of 21 subjects, response was quite variable and one of
the 11 was previously categorized as a non-responder (lumbar spine % change < 3%)°.

COP cell samples were obtained at baseline, 1 month, 3 months and 18 months after
treatment. %COP increased with teriparatide (Figure 2), and was 221% above baseline by 3
months (p=0.02). Similarly, IGF-1R expression (MFI) also increased at 3 months by 128%
(p<0.009). Changes in bone turnover markers occurred as expected and have been
previously described®: serum PINP doubled by 1 month, peaked at 6 months (150% above
baseline), and returned to baseline by 18-24 months. Serum IGF-1 did not change in
response to teriparatide.

Higher baseline BMI, body fat and trunk fat strongly and significantly predicted a lower
increase in IGF-1R expression in response to teriparatide (Table 3).

Baseline %COP and the increase in %COP at 3 months did not predict spine or hip DXA
BMD response to teriparatide (Table 3). In contrast, the percent increase in the IGF-1R
expression (MFI) on COP cells at 3 months correlated directly with early aBMD response to
teriparatide (Table 3). Changes in IGF-1R expression (MFI) in response to teriparatide in 2
subjects, a responder and a non-responder, are shown in Figure 3. This Non-Responder also
had higher body fat, lower baseline BFR, and higher baseline serum IGF-1 than the
Responder.

DISCUSSION

In this study, we used flow cytometry to identify and quantify circulating osteoblast
progenitor (COP) cells among peripheral blood mononuclear cells (PBMCs) and to quantify
expression of the IGF-1 receptor (IGF-1R) on the COP cell surface in premenopausal
women with 10OP. We report that both %COP cells and expression of IGF-1R on the COP
cell-surface correlated with tissue-level bone formation assessed on transiliac bone biopsies.
Moreover, both %COP and IGF-1R expression increased promptly after teriparatide,
returning toward baseline by 18 months. While neither baseline %CQOP nor increase in
%COP at three months predicted the BMD response to teriparatide, the percent increase in
IGF-1R expression on COPs at 3 months correlated directly with the BMD response to
teriparatide at both the lumbar spine and the femoral neck.

Our results in premenopausal women with IOP are consistent with our earlier findings that
suggest that COP cells reflect bone formation at the tissue level. Specifically, we have shown
that COP cells correlate directly with histomorphometric parameters of bone formation in
two other diseases, both characterized by low bone remodeling activity:
hypoparathyroidism® and Type 2 diabetes!8. Moreover, we have also shown that COP cells
change in response to PTH therapy. Specifically, COP cells increased markedly in patients
with hypoparathyroidism who were treated with PTH(1-84) and correlated with increases in
bone formation on biopsies in response to this osteo-anabolic drug®. We have also shown
that COP cells sorted from PBMCs form mineralized nodules in culture and express
osteoblast gene markers such as Runx2, a key transcriptional factor that initiates
osteogenesis and promotes bone mineralization8°. Our results in premenopausal women
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with 10P provide further confirmation that COP cells reflect tissue-level bone formation
status in several populations.

Our data contrast somewhat with a prior study of osteoblast precursor cell response to
teriparatide in 15 post-menopausal women with osteoporosis!®. In these postmenopausal
subjects, osteoblast precursor cells did not increase in response to teriparatide, but did
increase their expression of both osteocalcin and alkaline phosphatase (AP), suggesting
increased maturation in response to the medication. The difference from our results may be
due to baseline differences in precursor quantity in a postmenopausal population, or due to
the different definition of precursor cells — defined as CD15-/OC+/AP+ in these
postmenopausal studies.

We examined the IGF-1R on the COP cells because several previous observations suggested
to us that IGF-1 may be involved in the pathogenesis of premenopausal 10P. Although
tissue-level bone remodeling activity varied substantially in our biopsy study of 64
premenopausal women with IOP24:13 a subset had profoundly low cancellous BFR and
significantly lower wall width of completed bone modeling units, suggesting decreased
osteoblast productivity®. In this and the prior analysis#, women with premenopausal 0P and
low BFR had significantly higher serum IGF-1 than women with normal or high BFR. A U-
shaped relationship was observed; both low and high turnover subjects had higher IGF-1.
We hypothesize that the high IGF-1 in the low turnover group represents a pathologic
deviation from the normal direct relationship between IGF-1 and bone turnover status. This
is in contrast to men with 10P, who typically have low bone turnover and lower IGF-120.21,
In addition, the four women who had no increase in BMD in response to teriparatide in our
pilot study (n=21) had markedly lower bone formation rate on pre-treatment biopsies
compared to the teriparatide responders (0.002 + 0.001 vs 0.011 + 0.006 mm2/mm/y; p <
0.001) and significantly higher serum IGF-1 (208 + 54 vs 157 + 44 ng/mL; p=0.03)°. Higher
serum IGF-1 (and BMI) also predicted lower BMD response to teriparatide®. Interestingly,
we found that expression of IGF-1R on COP cells exhibited relationships opposite to serum
IGF-1. Lower expression of IGF-1R on COP cells and higher serum IGF-1 were associated
with higher body fat and lower biopsy-based bone formation. Additionally, lower IGF-1R
expression in response to teriparatide was associated with higher body fat and also predicted
lower BMD response. The relationship between teriparatide response and IGF-1 action may
also be supported by studies showing effects of teriparatide treatment on body composition
and glucose homeostasis?2-24, Our findings suggest that the amount of IGF-1R on COP cells
and, presumably, osteoblasts (and potentially in other tissues) may reflect IGF-1 resistance
downstream from the IGF-1R. To investigate further the possibility that IGF-1 resistance
contributes to the pathogenesis of low turnover IOP, we are conducting studies to determine
whether there may be evidence of IGF-1 resistance in tissues other than bone in the context
of a randomized clinical trial of teriparatide in premenopausal IOP (NCT 01440803).

In the majority of patients, teriparatide is associated with a rapid rise in bone formation
markers2° followed by a later rise in bone resorption markers2® and marked increases in
BMD. Teriparatide is also very effective in reducing fractures, particularly vertebral
fractures. However, the response to teriparatide is quite variable: from 5% to 20% of patients
have minimal increases in BMD®27-29, To date, few clinical factors have been found to

J Bone Miner Res. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cohen et al.

Page 8

predict response to teriparatide. Since teriparatide is an expensive, injectable medication,
there is a need for validated predictors of response and deeper understanding of the
mechanisms of nonresponse. PTH/teriparatide treatment is known to be less effective in
states of low bone turnover39:31, In postmenopausal women, baseline serum resorption and
formation markers28.27:32 and early changes in formation markers correlate directly with
BMD response to teriparatide26:27.29.32.33 Using data from the Fracture Prevention Trial that
included over 1500 postmenopausal women, Chen et al. reported that increases in bone
formation markers (PICP [C-terminal propeptides of procollagen type I] at 1 month and
PINP at 3 months) correlated best with increases in lumbar spine BMD at 18 months (r=0.65
and 0.61, respectively; p < 0.05) and that the relationships with spine BMD were stronger
than the relationship with femoral neck BMD response28. Similarly, in our prior study of 21
women with IOP, 1 month change in both osteocalcin and PINP predicted both 12 and 24
month increases in spine (r=0.50-0.58; p< 0.05), but not hip, BMD?. In the longitudinal
component of this study (n=11), the relationships between 1 month change in osteocalcin or
PINP and 12 month change in spine BMD were comparable (r=0.48-0.66; p=0.05-0.2; data
not shown). Based on these new data, it appears that the early change in IGF-1R expression
on COP cells is predictive of BMD response, similar to early changes in markers of bone
formation, and could be studied further as a novel noninvasive and mechanistic predictor of
response with potential clinical utility both in other osteoporotic populations and in studies
of new medications that stimulate bone formation.

This study has several limitations. The data, while obtained prospectively, were from a small
cohort of premenopausal Caucasian women with a rare form of unexplained osteoporosis
that presented before menopause and the teriparatide data were from an open-label, non-
randomized clinical trial, limiting the generalizability of the results. PMBCs were obtained
at few time-points and their trajectory over the entire course of teriparatide treatment is
unknown. There remains debate concerning the true identity of COP cells, and whether the
LIN-/OCN+/Runx2+ subset truly represents cells that can travel to bone and contribute to
bone remodeling®8:12, This study does not prove that these cells themselves travel to the
bone and form osteoblasts on bone tissue, but it does suggest that these cells reflect tissue-
level osteoblast activity and osteoblast response to a potent osteo-anabolic drug.

In conclusion, we found that %COP cells and IGF-1R expression on COP cells reflect tissue
level bone formation in premenopausal women with idiopathic osteoporosis, as they do in
other conditions such as hypoparathyroidism and Type 2 diabetes. We also found that the
early increase in IGF-1R expression on COPs may predict the BMD response to teriparatide.
These assays may be useful to characterize bone remodeling noninvasively. Future studies
are needed to assess whether measurement of IGF-1R expression on COPs could serve as an
early predictor of response to teriparatide and a new tool in the investigation of teriparatide
resistance in premenopausal idiopathic osteoporosis, and perhaps other populations such as
patients with postmenopausal or glucocorticoid-induced osteoporosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
%COP, IGF-1R expression, and serum IGF-1 differ among IOP bone turnover groups

defined by BFR on bone biopsy
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Months of Treatrment

Figure 2.
%COP cells (grey line) increased with teriparatide, peaking at 3 months by 221% (p=0.02).

IGF-1R expression (black line, lower line) also increased, peaking at 3 months by 128%
(p=0.009)
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Figure 3.

Figure shows reference standard and IGF-1R expression: 3 month increase in IGF-1R
expression in a teriparatide responder (183% increase) and a nonresponder (30% increase).
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SUBJECT CHARACTERISTICS

TABLE 1

Mean + SD Cross-sectional | Longitudinal Subset (at Baseline)
N=25 N=11/25

Age (yrs) 38+7 3817

BMI (kg/m?) 218432 209+3.0

DXA whole body fat (%) 32+6 32+6

DXA trunk fat (%) 28+8 29+8

BMD Z score Lumbar Spine -18+11 -2.0+£0.6
Total Hip -1.3+09 -1.7+05
Femoral Neck -17+10 -20+05

# of adult fractures 15+16 19+19

Bone Biopsy: Histomorphometry

BV/TV(%) 20374 21579

Wall Width (um) 342+38 34.6+4.8

Mineralized Perimeter (%) 40+2.0 38+22

Mineral Apposition Rate (MAR: pm/day) 0.62+0.12 0.65+0.14

Bone Formation Rate (BFR: mm2/mm/yr) 0.009 + 0.006 0.009 + 0.006

Osteoblast Number (#/mm) 1.1+05 1.1+05

Biochemistries

Serum Calcium (albumin corrected; mg/dL) 9.0+0.3 9.0+0.3

PTH (pg/mL) 30+14 37+13

25(0OH) Vitamin D (ng/mL) 41+13 44 +14

IGF-1 (ng/mL) 175 + 43 169 + 47

Serum CTX (ng/mL) 0.346 +0.114 0.366 +0.128

Serum PINP (ug/L) 48 £ 16 48 £12

Peripheral Cell Studies/Flow Cytometry

Percentage COP cells (% LIN-/OCN+/Runx2+ of PBMCs) | 20.8 +11.3 22.1+12.2

IGF-1 Receptor Expression on COPs (MFI) 1129 + 594 1173+ 730
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TABLE 3

Spearman Correlations; r,p

%COP: 3M %change from baseline

IGF-1R MFI: 3M %change from baseline

Age 0.04,0.9 -0.04,0.9
BMI -0.15,0.7 -0.80, 0.003
Whole body fat by DXA | —0.44,0.2 -0.90, 0.0002
Trunk fat by DXA -0.55, 0.08 -0.87, 0.0005
DXA aBMD %change vs baseline in IOP women on TPTD:

LS BMD: 6M 0.52,0.1 0.70, 0.02

LS BMD: 12M 0.40,0.2 0.55, 0.08
LS BMD: 24M 0.21,0.6 0.48,0.2

FN BMD: 6M 0.21,0.5 0.67,0.02
FN BMD: 12M 0.10,0.8 049,01

FN BMD: 24M -0.29,0.5 -0.50, 0.2

All % change variables are corrected for baseline values.
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