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Abstract
Normal mineral metabolism is critical for skeletal integrity and recently serum fibroblast Growth
factor 23 (FGF23) levels were found to be directly related to overall fracture risk in elderly
Swedish Men. To confirm this association, we performed a prospective case-cohort study to
understand the relation of FGF23 and fracture risk in older Caucasian men enrolled in the
Osteoporotic Fractures in Men (MrOS) Study.

Methods—In the cohort of 5994 men attending the baseline MrOS examination, we evaluated a
subgroup of 387 men with incident nonvertebral fracture including 73 hip fractures and a sample
of 1385 men randomly selected from the cohort with baseline mineral and calcium hormone
measurements. FGF23 was measured in baseline serum samples by ELISA (Millipore, Billerica,
MA). Modified Cox proportional hazards models that account for case cohort study design were
used to estimate the relative hazards (RH) of fracture in men across quartiles of FGF23. Subjects
were also stratified by renal function and RH per strata was estimated in men with the highest
quartile of FGF23 compared to quartile 3, 2 and 1.

Results—Overall, there was no difference in risk of nonspine or hip fracture by baseline FGF23.
However, associations differed by strata of eGFRCrCy. Among men with eGFRCrCys < 60ml/min/
1.73m2 (n=73/313 non-spine fractures), the RH in the highest quartile of FGF23 compared to the
rest was 2.02 (95% CI: 1.07-3.79), but in men with eGFRCrCy, > 60ml/min/1.73m2 (304/1370
fractures) the RH was 0.91 (95% CI: 0.66-1.25) after adjustment for age, clinic site, BMI, race,
total hip BMD, vitamin D, PTH, alcohol use, physical activity, fracture history and serum
phosphorus.

Summary—Serum FGF23 levels are not associated with incident fractures in elderly men
overall. However, higher levels of serum FGF23 are associated with fracture risk in those with
poor renal function.
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Introduction
Fibroblast growth factor 23 (FGF23) is a known regulator of phosphate homeostasis, and the
majority of this protein is produced by osteocytes that reside within the bone. The main
target of FGF23 is the kidney where FGF23 reduces the expression or insertion of sodium
phosphate transporters within renal proximal tubular membranes so that phosphate can be
excreted (1). In addition, FGF23 is reported to inhibit renal 1 hydroxylase expression which
reduces the production of 1,25 dihydroxyvitamin D which then reduces the gastrointestinal
absorption of calcium and phosphate (2).

Recently, elevated serum levels of FGF23 have been reported to be associated with an
increased risk of osteoporotic fractures in elderly Swedish men (3). The release of FGF23 by
both young and old osteocytes may be a mechanism whereby the osteocytes can control
mineralization and phosphate homeostasis. Osteocytes regulate FGF23 signaling and
biomineralization through molecules produced by the osteocyte and include phosphate
regulating gene with homologies to endopeptidase on X chromosome (PHEX), dentin matrix
protein-1 (DMP1) and matrix extracellular phosphor-glycopoteins (MEPE) (4,5). Loss of
either functional DMP1 or PHEX, results in elevated FGF23 levels both in osteocytes and in
the circulation, phosphate excretion is elevated in the kidney, and the osteomalacia is present
in the bones as is rickets (4, 5, 6). A number of clinical skeletal disorders that results in
mineralization abnormalities and elevated FGF23 serum levels have been reported and
include autosomal dominant hypophosphotemic rickets (ADHR), tumor induced
osteomalacia (TIO), x-linked hypophosphotemic rickets (ARHR) (3,6). Moreover, mice
overexpressing FGF23 have low cortical and trabecular bone mineral density.(7)

Recently, Mirza et al reported that elevated serum levels of FGF23 was associated with an
elevated fracture risk in older Swedish men (3). We performed a prospective case-cohort
study to better understand the relation of FGF23 and fracture risk in older Caucasian men
enrolled in the Osteoporotic Fractures in Men (MrOS) study in the United States.

Methods
Study Population

5994 community-dwelling men at six clinical centers in the United States (Birmingham,
Alabama; Minneapolis, Minnesota; Palo Alto, California; Monongahela Valley near
Pittsburgh, Pennsylvania; Portland, Oregon; and San Diego, California) enrolled in MrOS
(From March 2000 through April 2002), a study of osteoporosis and fractures in elderly
men. Eligible men were 65 years of age or older, without bilateral hip replacements, and
able to walk without the assistance of another person. Details of the MrOS design and cohort
have been published elsewhere (8,9,10). The Institutional Review Board (IRB) at each
center approved the study protocol, and written informed consent was obtained from all
participants.

Follow-up and Outcome Ascertainment
Tri-annual questionnaires were sent to the men to report any fractures. All non-spine
fractures were verified by medical records and confirmed by blinded central
adjudicators[11]. Pathologic fractures were excluded.

Major osteoporotic fractures were defined as incident fractures that occurred in the hip,
spine, forearm (radius or ulna) or humerus. Incident nonspine fractures and spine, forearm
and humerus fractures were ascertained by the methods mentioned above.
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Incident vertebral fractures were identified from semi-quantitative (SQ) readings of lateral
spine x-rays. A change of SQ grade > 1 at the second clinic visit for at least one vertebral
level for a participant, regardless of SQ grade at baseline was considered a incident vertebral
fracture (12). Given that we only selected nonspine fractures that occurred outside of the
subcohort for FGF23 assays as part of the case-cohort study design, we were restricted to
analyze major osteoporotic fractures that occurred in the random cohort only. Similarly
incident vertebral fractures that occurred in the random cohort were considered for this
study.

jCase-Cohort Study Design
The current study is a prospective case-cohort study of men nested within the MrOS. Men
with 5 or more vials of archived serum were eligible for inclusion in the study. Hence of the
5649 eligible participants, we randomly selected 1385 men to serve as the sub-cohort. Over
the 5.3 years of follow-up, 90 nonspine cases (including 16 hip fractures) arose from the
randomly selected subcohort, and an additional 297 nonspine cases (including 57 hip
fractures) were selected from the remaining MrOS cohort [9] resulting in a total of 1682
participants with FGF23 measures.. Two participants were excluded who had FGF23 levels
>2 SD above the mean (18.9 pg/ml), one from the subcohort and one nonspine fracture case,
resulting in 1384 men in the subcohort and 296 fracture cases outside of the cohort for this
study. The total study sample for the nonspine fracture analyses was 1680 (figure 1) men.
Similarly there were 73 hip fractures with 16 occurring in the subcohort and 57 hip fracture
cases outside the cohort resulting in 1441 men for the hip fracture analysis.

Vitamin D, PTH and Cystatin C assays
Fasting morning blood was collected, sera protected from sunlight, prepared immediately
after phlebotomy, and was stored at −70¡C until first thawed for vitamin D, PTH and
cystatin C and creatinine assays. Measures for 25(OH)vitamin D2 (derived from
ergocalciferol) and 25(OH) vitamin D3 (derived from cholecalciferol) were performed at the
Mayo Clinic using mass spectrometry as previously described (13). Total 25(OH)Vitamin D
was calculated by summing the values of 25(OH)vitamin D2 and 25(OH)vitamin D3. Total
intact PTH was assessed at Columbia University using the 115 immunoradiometric assay
from Scantibodies (3KG600). Serum cystatin C levels were determined using a BN100
nephelometer (Dade Behring Inc., Deerfield, IL) using a particle-enhanced
immunonepholometric assay(14). Serum creatinine and phosphate concentrations were
measured using a Roche COBAS Integra 800 analyzer (Roche Diagnostic Corporation,
Indianapolis, IN) at the Portland VA Medical Center using an enzymatic method calibrated
with materials assayed by isotope-dilution mass spectrometry (IDMS). A combined formula
using standardized Cystatin C and creatinine -based estimated glomerular filtration rate
(eGFRcysC) was computed using a CKD-EPI given that this was shown to be the most
accuarate estimate of renal function in a recent publication (15,16,17).

FGF23 assays
Intact FGF23 was measured using an ELISA according to the manufacturer's protocol. This
second generation polyclonal goat antibody ELISA has been found to recognize the
biologically active intact FGF23 (18,19). The Millpore lowest limit of detection was 3.3pg/
ml in our laboratory with an intrassay and interassay coefficient of variation of less than
11%. This was similar to the manufacturer's reported variation.

Other Measures
All covariates were assessed at baseline. Participants were mailed questionnaires to ascertain
information on date of birth, race/ethnicity, self-rated health, alcohol consumption, fracture
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history, and history of falls. Physical activity was assessed using walk speed (time in
seconds to walk 6 m at usual pace expressed as m/s). Bone mineral density (BMD) (g/cm2)
of the total hip and its subregions (femoral neck; trochanter) was measured using fan-beam
dual-energy x-ray absorptiometry (DXA) (QDR 4500W, Hologic Inc., Bedford, Mass).
Details of this measure are published elsewhere (12,20,21).

Height (cm) was measured on Harpenden stadiometers, and weight (kg) was measured on
standard balance beam or digital scales using standard protocols, with participants wearing
light clothing without shoes. Body mass index (BMI) was calculated as kg/m2. At baseline,
participants were asked to bring in all medications used within the last 30 days. All
prescription medications recorded by the clinics were stored in an electronic medications
inventory database (San Francisco Coordinating Center, San Francisco, CA). Each
medication was matched to its ingredient(s) based on the Iowa Drug Information Service
(IDIS) Drug Vocabulary (College of Pharmacy, University of Iowa, Iowa City, IA) (8,11).

Statistical Methods
Baseline characteristics were compared in the subcohort across quartiles of FGF23 using
chi-square tests for categorical variables and ANOVA for continuous variables. Wilcoxon
nonparametric tests were used for skewed covariates. Baseline characteristics were also
compared between non-spine fracture cases and men without fractures. Baseline
characteristics that were associated with non-spine fracture and FGF23 at p-value < 0.05
were considered confounders. Other covariates including hip and spine BMD, 25(OH)
vitamin D PTH, fracture history after 50 years, and phosphorus known to be confounders
from the literature were also selected. Associations between FGF23 and incident non-spine
fractures and hip fractures were assessed in proportional hazards regression models modified
for the case-cohort design. Associations for major osteoporotic fractures and incident
vertebral fractures with FGF23 were assessed using traditional Cox proportional hazard
models and logistic regression models respectively for fractures that occurred in the random
cohort. All associations were first examined in our base model which included adjustment
for age, clinic, race and BMI. Models were further adjusted for hip BMD for nonspine, hip
and major osteoporotic fractures and total spine BMD for veterbral fractures in addition to
vitamin D, PTH, alcohol use, walking speed fracture history and serum phosphorus.

Hazard ratios (HR) and 95% confidence intervals were calculated from the Cox proportional
hazards models modified for case cohort analysis to test the association of non-spine and hip
fractures across quartiles. FGF23 levels were divided into quartile categories defined on the
basis of the distribution in the random cohort. The lowest quartile formed the referent group.
Similarly, odds ratios (OR) and 95% CI were calculated for major osteoporotic fractures and
incident vertebral fractures occurring in the random cohort across quartiles of FGF23.

FGF23 levels have been reported to be increased with chronic renal disease, therefore we
tested the association between nonspine fractures and FGF23 in two strata of eGFR ; < 60
and > 60. Stratified analyses were not conducted for other fracture types due to small
number of fractures in the eGFR < 60 strata. Hazard ratios (HR) and 95% confidence
intervals for nonspine fractures were calculated for men in two strata; men with eGFRCrCysC
<60 and men with eGFRCrCysC > 60. Analyses were performed comparing the highest
quartile of FGF23 to the lower quartiles. Analysis was performed using SAS9.2 software.

Results
We evaluated the baseline characteristics of the study subjects based on quartiles of serum
FGF23 (table 1). The mean age was 73 years, nearly 90% of the subjects were Caucasian:
BMI and femoral neck BMD were similar across the quartiles of FGF23. Alcohol use and

Lane et al. Page 4

J Bone Miner Res. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



walking speed were significantly associated with FGF23, although the directions of
associations appeared non-linear across quartiles. There were no significant differences in
general health, falls over the past 12 months or 25 vitamin D or phosphorus levels across the
quartiles of FGF23. However, serum creatinine and phosphorus were higher and eGFR was
lower in the subjects in the higher FGF23 quartile compared to the other quartiles of FGF23
(p<0.01). There were 101 (8%) major osteoporotic fractures and 52 (4%) incident vertebral
fractures in the random cohort and there were no differences in the proportion of men with
these fractures across the quartiles of FGF23.

Men with nonspine fracture were older, mostly white, were more likely to have a history of
falls and fracture after age of 50, had slower walking speed and consumed less alcohol
compared to non cases. In addition, men with nonspine fractures had lower hip BMD and
higher serum phosphorus levels.

Association of fracture and FGF23
The mean FGF23 in the study population was 18.82 pg/ml (range:4.2-111.1 pg/ml). There
was no difference in the risk of incident nonspine, hip, major osteoporotic or incident
vertebral fractures by quartile of FGF23 (Table 2) in base models adjusted for age, BMI,
race and clinic site. Further adjustment for BMD, vitamin D, PTH, walking speed, alcohol
use, fracture history and serum phosphorus did not change the results significantly. In
addition, there were no association among those with the highest FGF23 level compared to
the lower FGF23 levels with nonspine fractures (Base Model, Q4 vs. Q1,2,3 HR: 1.1
95%CI: 0.85,1.43). Similarly no associations were found among the other fracture types
with FGF23.

FGF23 with Risk of Fracture by Level of Kidney Function
To determine if men with poor renal function and high FGF23 have an increased risk of
fracture we stratified men into two strata; eGFRCrCysC <60 mL/min/1.73 m2 and
eGFRCrCysC > 60 mL/min/1.73 m2. There were 73 nonspine fractures (33 in the Q4 of
FGF23) among 313 men with eGFRCrCysC<60, and 304 nonspine fractures (68 in Q4 of
FGF23) among 1345 men with eGFRCrCysC > 60. There were 22 men (9 nonspine fractures)
who had missing creatinine measures and hence were not included in these analyses. We
observed a 2 fold increased risk of nonspine fractures in the highest quartile of FGF23
compared to the rest among men with low eGFR (HR: 2.25, 95%CI: 1.26-4) in base models
(Table 3). Further adjustment for hip BMD, vitamin D, PTH, alcohol use, walking speed,
fracture history and serum phosphorus did not change the results significantly (HR: 2.02,
95%CI: 1.07-3.79). In contrast, among men with eGFRCrCysC > 60, there was no association
between FGF23 and non-spine fracture (Base Model: HR 0.94, 95%CI 0.69-1.27) (Table 3).
Adjusting for eGFR in the stratified analysis did not change the results significantly.
Stratified analysis by eGFR strata was limited and not conducted due to small numbers of
fractures within the <60 strata.

Discussion
We determined that FGF23 levels were not associated with incident nonspine fractures.
However, in individuals with eGFR < 60cc/min there was a two fold increased risk of
nonspine fractures in the highest quartile of FGF23 compared to the lower quartiles. In
clinical practice, the combination of bone mass and clinical risk factors has improved a
clinician's ability to identify individuals at a high risk of fracture. However, the other
variables such as bone turnover markers or calciotrophic hormones may further improve our
ability to identify and treat high risk patients with bone active agents. In an attempt to
identify novel biomarkers of bone strength and confirm another report of an associated of
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FGF23 with incident fractures (3), we measured serum FGF23 in elderly men and found that
only among men with compromised renal function was there an association with nonspine
fractures.

Our study results are in contrast to Mirza et al that reported higher serum FGF23 level was a
novel independent predictor of overall fracture risk and vertebral fracture risk in older
Swedish men. Mirza et al found the relationship was stronger in individuals with serum
FGF23 levels greater than 55.7 pg/ml, and subjects in the highest quartile of FGF23 ( >
57.4pg/ml) were at a 63% increased risk for nonvertebral osteoporotic fractures compared to
those in the lowest three quartiles, and the association remained significant after adjustment
for BMD (Mirza). Based on the knowledge that FGF23 serum levels increase with renal
insufficiency to control for the potential influence on renal function on fracture risk Mirza et
al performed stratified analysis was performed in subjects above and below the median
eGFR ( 71.5ml/min/1.73 m2) and the association was only significant for FGF23 and
subjects with eGFR above the median with and OR of 1.3 (95% CI: 1.1-1.6). In contrast, a
study of Japanese subjects with early CKD that were on average 73 years with an eGFR of
45 ml/min/1.73m2, and without treatment with either osteoporosis medications or phosphate
binders, the odds ratio for vertebral fractures within five years of the FGF23 measurement
was 4.4, and the optimal cutoff level of FGF23 for vertebral fracture was 56.8pg/ml
(sensitivity, 0.82; specificity, 0.63) (22). Interestingly, when adjusted for age and eGFR the
odds were nearly 8. Significantly positive associations were found for FGF23 and body
mass index and serum phosphate levels and negative associations with eGFR. Interestingly,
the serum levels of FGF23 reported by both studies were similar for the increased odds of
both vertebral and nonvertebral fractures however Mirza only studied males (3).

Our finding of an association of serum FGF23 levels with nonvertebral fractures in men
with compromised renal function provides support that that serum FGF23 levels may be a
biomarker for metabolic abnormalities that can result in both fractures and other adverse
patient outcomes. FGF23 is reported to increase in early renal insufficiency and prior to
changes in serum PTH or 1,25 vitamin D. In the context of reduced renal function, elevated
FGF23 levels predicted nonspine fractures in our study. However, whether or not FGF23 is
a marker for reduced bone strength is not known. FGF23 serves as a phosphaturic factor
synthesized by osteocytes and inhibits 1,25 (OH)2VitaminD3, production by the kidney to
maintain the balance between phosphate homeostasis and skeletal mineralization (6). A
recent in vitro study demonstrated that over-expression of FGF23 suppressed osteoblast
differentiation and matrix mineralization (23). Another study evaluated the proteins
associated with osteocytes and bone mineralization and found that FGF23 co-localized to
the secondary spongiosa of the trabecular bone and areas of the cortical bone in areas where
the osteocyte lacunar system was very mature, fully functional syncytium suggesting that the
FGF23 produced by the osteocytes would then be part of the bone-renal axis that is central
to proper mineral metabolism (24,25). Elevated levels of serum FGF23 have been found in
individuals with autosomal hypophosphatemic rickets which carry mutations in the Dentin
Matrix Protein-1, DMP-1, gene and other forms of rickets and osteomalacia have elevated
levels of FGF23 despite normal calciuria (26). In contrast, mice with a Klotho gene deletion
developed elevated DMP-1, hyperphosphatemia and low FGF23 levels (27). Also,
overexpression of FGF23 in primary rat calvaria cell cultures suppressed matrix
mineralization (23) and increased FGF23 expression in ovine callus was associated with
delayed fracture healing in one pilot study (28). One other potential mechanism may be that
subjects with chronic kidney disease have decreased renal acid excretion that leads to
metabolic acidosis which can directly affect bone cell activity. Kreiger et al reported an
increase in mRNA and protein levels of FGF23 in osteoblasts from mice with renal
insufficiency and metabolic acidosis (29).
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In kidney proximal tubular cells FGF23 inhibits phosphate reabsorption and leads to
decreased synthesis and enhanced catabolism of 1,25(OH)(2) D(3). Elevated levels of
FGF23 cause renal phosphate wasting and suppress circulating 1,25(OH)(2) D(3) levels and
this phenomenon has been reported in a in a number of several hereditary hypophosphatemic
disorders with skeletal abnormalities, including X-linked hypophosphatemic rickets (XLH)
and autosomal recessive hypophosphatemic rickets (ARHR). Currently, therapeutic
approaches to these diseases are limited to treatment with activated vitamin D analogues and
phosphate supplementation, often merely resulting in partial correction of the skeletal
aberrations. However, a recent study by Wšhrle S (30), reported that the use of and FGFR
inhibitor in two different hypophosphatemic mouse models, Hyp and Dmp1-null mice,
resembling the human diseases XLH and ARHR, found that that pharmacological inhibition
of FGFRs efficiently reduced FGF23 signaling and normalized the hypophosphatemic and
hypocalcemic conditions of these mice. Also the continued FGFR inhibition in Hyp mice
leads to enhanced bone growth, increased mineralization and reorganization of the disturbed
growth plate structure suggesting that elevated levels of FGF23 reduced the ability of the
bone to normally mineralize and inhibited bone formation (30). Taken together, these data
suggest that elevated FGF23 may alter the normal mineralization of bone and reduce bone
formation and bone strength. Additional studies will need to be performed to elucidate these
findings.

This study has a number of strengths including a well characterized longitudinal cohort of
elderly men with information on both risk factors and radiographic confirmation of fractures
and over 97% of the enrolled subjects have complete follow-up. However, there are a few
shortcomings that include the availability of serum FGF23 levels at the baseline visit and
effects of change on FGF23 levels on fracture risk are unknown. In addition, we performed
our analysis on baseline serum that had thawed and refrozen at least one other time and this
may have influenced our results. However, we utilized the intact FGF23 ELISA assay, and
the mean values of serum FGF23 were similar to other reports (32,33). Also, we only report
results on older men, therefore these results are not generalizable to older women or younger
individuals. Our cohort of men were recruited from the community and not clinical practices
such that the sample was not selected for comorbid diseases that might influence serum
FGF23 levels. The lack of association with major osteoporotic, hip and vertebral fractures
could be a result of small number of fractures available for analysis. In addition, we were
unable to determine the specific non-spine fracture type that was responsible for the strong
association of FGF23 and CKD. In the stratified analysis, however, fractures are continually
ascertained on a tri annual basis in the MrOS cohort and further research can determine this
association in the future.

In summary, we found no association with serum FGF23 levels and nonspine fractures in
elderly men, however in men with eGFR <60, there was a significant increase risk of
nonspine fracture with high levels of FGF23 compared to lower levels. In contrast in men
with eGFR≥60, there was no association of nonspne fracture risk and FGF23. Studies that
further elucidate the relation between, serum FGF23 levels, renal insufficiency and fractures
are warranted.
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Figure 1. Case-cohort design for the MrOS FGF-23 and fracture study
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Table 1
Baseline Characteristics of Men across quartiles of FGF23

Quartiles of FGF23 (pg/ml)

Baseline Characteristics Q1: 4.2-12.0 (N=
346)

Q2: 12.1-16.6 (N=
346)

Q3: 16.6-22.4 (N=
345)

Q4: 22.4-111.1 (N=
347)

Demographic

Age mean +/- SD y 73.4 +/- 5.8 73.63 +/- 5.91 74.4 +/- 6.0 73.7 +/- 5.8

Caucasian % 309 (89.3) 307 (88.73) 317 (91.9) 326 (94.0)

Anthropometry, mean and SD

Height cm 174.1 +/- 6.9 174.2 +/- 6.7 173.8 +/- 6.6 174.9 +/- 7.0

Weight kg 82.7 +/- 12.9 83.1 +/- 13 82.7 +/- 13.4 84.3 +/- 12.6

BMI kg/cmˆ2 27.3+/- 3.8 27.4 +/- 3.8 27.4 +/- 3.8 27.5 +/- 3.5

DXA BMD, mean g/cmˆ2

Total Hip BMD 0.96 +/- 0.14 0.95 +/- 0.14 0.95 +/- 0.14 0.95 +/- 0.14

Health Status n(%)

Self Reported Health Status 300 (86.7) 304 (87.9) 291 (84.4) 280 (81.0)

History of fracture after age 50 80 (23.2) 81 (23.5) 91 (26.5) 68 (19.7)

History of Falls within the past 12 months 65 (18.8) 68 (19.7) 71 (20.6) 75 (21.6)

Avg number of drinks/wk mean +/- SD* 4.72 +/- 8.14 5.45 +/- 7.82 3.77 +/- 5.62 4.44 +/- 8.17

Physical activity

6 meter Usual Pace m/sec mean +/- SD* 1.26 +/- 0.25 1.24 +/- 0.25 1.21 +/- 0.23 1.25 +/- 0.24

Serum measures, mean and SD

25(OH) total vitamin D 25.9 +/- 8.5 24.5 +/- 7.2 24.8 +/- 8.1 25.6 +/- 8.1

Total intact PTH 31.4 +/- 13.1 32.9 +/- 12.4 34.9 +/- 43.4 35.1 +/- 24.1

eGFRCrCysC using CDK-EPI definition** 78 +/- 15.5 76.4 +/- 14.9 72.3 +/- 16.1 69.9 +/- 18.0

Serum Phosphate mg/dl * 3.19 +/- 0.41 3.13 +/- 0.44 3.18 +/- 0.42 3.2 +/- 0.5

Creatinine mg/dl * 0.98 +/- 0.21 1 +/- 0.2 1.04 +/- 0.24 1.1 +/- 0.4

FGF23 pg/ml 9.46 +/- 1.76 14.32 +/- 1.4 19.24 +/- 1.6 32.2 +/- 14.3

Fractures

Incident Vertebral Fractures 18 (5.2) 9 (2.6) 9 (2.6) 16 (4.6)

Major osteoporotic Fractures 34 (31.2) 23 (21.1) 29 (26.6) 23 (21.1)

*
p<0.05

**
P<0.001
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Table 2
Association between Fracture type and Quartiles of FGF23

HR (95%CI) OR(95% CI)

FGF23 Quartiles Nonspine fractures (N=386) Hip Fractures (N=73)
† Major Osteoporotic
fractures (N=109)

† Incident Vertebral
Fractures (N=52)

N=386 N=73 N=109 N=52

Q1 (ref) 1.0 1.0 1.0 1.0

Q2  1.2 0.09-1.6) 1.6 (0.8-3.4) 0.6 (0.4-1.1)  0.47 (0.2-1.08)

Q3  1.1 (0.8-1.5) 1.6 (0.7-3.4) 0.8 (0.5-1.3)  0.49 (0.21-1.14)

Q4  1.2 (0.9-1.7) 1.6 (0.7-3.5) 0.7 (0.4-1.2)  0.81 (0.39-1.66)

P trend 0.43  0.3 0.3 0.61

Q4 vs rest 1.1 (0.85-1.43) 1.15 (0.66-2.02)  0.91 (0.76-1.09)  1.25 (0.67-2.33)

Quartile cut-points 12.2, 16.6, 22.4 pg/ml

Models adjusted for age, race, clinic site and BMI

†
= fractures occurring in the random cohort only
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Table 3
Association of Highest quartile of FGF23 with nonspine fractures stratified beGFRCrCysC

HR (95%CI) HR (95%CI)

FGF23 Quartile 4 vs. Q3,2,1 eGFR <60 eGFR≥60

Number of fractures/total N 73/313 304/1345

Unadjusted 1.88 (1.12-3.14) 0.93 (0.69-1.26)

Age adjusted 2.06 (1.21-3.51) 0.96 (0.71-1.3)

Base Model 2.25 (1.26-4) 0.94 (0.69-1.27)

MV 2.02 (1.07-3.79) 0.91 (0.66-1.25)

Quartile cut-points 12.2, 16.6, 22.4 pg/ml

Base Model adjusted for age, race, BMI and clinic site

MV model adjusted for base model and vitamin D, PTH, walking speed, alcohol use, hip BMD, fracture history and serum phosphorus
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