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Abstract

Background: Recent studies have demonstrated that measurement of areal bone mineral density by dual-energy x-ray
absorptiometry (DXA) predicts fractures in patients with chronic kidney disease (CKD). However, whether fracture risk
prediction through bone mineral density (BMD) is enhanced due to the assessment of biochemical markers of chronic kidney
disease and mineral and bone disease (CKD-MBD) or clinical risk factors is not clear. We hypothesized that in a select
cohort of patients managed in a CKD clinic, that combining T-Scores with biochemical markers would optimize fracture
discrimination than using DXA alone.

Objective: To examine the relationships among BMD, biochemical markers of CKD-MBD, and fracture risk across Kidney
Disease Improving Global Outcomes (KDIGO) glomerular filtration rate (GFR) categories G3a to G5.

Design: Retrospective study.

Setting: Patients were recruited from the multidisciplinary CKD clinic, Regina General Hospital, Canada.

Patients: A total of 374 patients who received a DXA scan upon initial referral to Regina Multidisciplinary CKD Program
from January 31, 2001 to January 31, 2010, were included in this study. The patients were followed for a total of 5 years.
Methods: We conducted a retrospective review of 374 consecutive patients who underwent DXA imaging at the point of
entry into our multidisciplinary CKD program. Areal BMD, T- and Z-Scores were obtained at the lumbar spine, total hip,
mean of left and right femoral neck, and the one-third radius. We collected data on demographic, cross-sectional biochemical
markers of mineral metabolism and fractures (identified through self-reported questionnaires, hospital electronic medical
records, and physician billing records). We were able to gather data on 8/1 1 variables of Fracture Risk Assessment (FRAX)
tool.

Results: In our cohort, 14.3% of GFR categories G3a and G3b, 15.7% of GFR category G4, and 19.7% of GFR category G5
experienced a clinical fracture during the study period. On multivariate analysis, each decline of 1.0 SD in total hip BMD
T-Score was associated with a significant increase in the risk of fracture (OR = [.46, 95% confidence interval [CI], I.12-
1.89). Adding CKD-MBD markers and clinical risk factors did not further contribute to the model. Low BMD was the only
independent risk factor for fracture in patients with CKD.

Limitations: Self-reporting by patients and administrative records were used to identify fractures. We did not perform
spine imaging to ascertain morphometric vertebral fractures. We were unable to gather all || variables of FRAX score and
information on ethnicity. We were unable to capture site of fracture (hips, spine, etc) from billing records. Albumin excretion
rates were not collected at baseline. Treatment of the underlying bone disease with pharmacotherapeutic agents may have
attenuated patients’ fracture risk and thus underestimated the association between BMD and future fracture.
Conclusions: Our findings confirm that BMD predicts fracture. The addition of cross-sectional CKD-MBD parameters and
clinical risk factors to BMD did not add to fracture prediction. Prospective studies should investigate the utility of longitudinal
biochemical markers on improving fracture risk assessment.

Abrégé

Contexte: Des études récentes ont démontré qu’il était possible de prédire les fractures chez les patients atteints
d’insuffisance rénale chronique (IRC) avec une mesure de la densité minérale osseuse (DMO) surfacique par absorptiométrie
biénergétique a rayons X (DXA). On ignore cependant si la valeur prédictive de la DMO est améliorée par I'analyze des
biomarqueurs des troubles minéraux et osseux associés a I'lRC (TMO-IRC) ou des facteurs de risque cliniques. Nous avons
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émis 'hypotheése que, dans une cohorte choisie de patients suivis en clinique d’IRC, la combinaison des scores T et des
marqueurs biochimiques optimiserait la discrimination des fractures par rapport a l'utilization de la DXA seule.

Objectif: L’étude visait a établir un lien entre la DMO, les biomarqueurs des TMO-IRC et le risque de fractures chez les
patients présentant un débit de filtration glomérulaire (DFG) de catégories G3a a G5 selon la classification du KDIGO (Kidney
Disease Improving Global Outcomes).

Type d’étude: Etude rétrospective

Cadpre: Les patients ont été recrutés a la clinique multidisciplinaire d’IRC de I'hopital général de Régina (Canada).

Sujets: Ont été inclus les 374 patients ayant passé un test d'imagerie DXA entre le 3| janvier 2001 et le 31 janvier 2010 lors
de leur aiguillage vers le program multidisciplinaire d’IRC de Régina. Les patients ont été suivis sur une période de cinq ans.
Méthodologie: Nous avons mené une étude rétrospective portant sur 374 patients consécutifs examinés par DXA a leur
admission au program. La DMO surfacique et les scores T et Z ont été mesurés au rachis lombaire, a la hanche totale, a la
moyenne des cols fémoraux droit et gauche, et au tiers du radius. On a recueilli les caractéristiques démographiques des
patients, les données sur les marqueurs biochimiques transversaux du métabolisme minéral et les fractures subies (recensées
a laide d’un questionnaire d’auto-déclaration et par consultation des dossiers médicaux électroniques et des registres de
facturation des médecins). Nous sommes parvenus a rassembler des données sur huit variables des onze de I'outil FRAX
(Fracture Risk Assessment tool).

Résultats: Dans notre cohorte, 14,3 % des patients avec un DFG de catégorie G3a-G3b, 15,7 % des patients avec un DFG
de catégorie G4 et 19,7 % des patients avec un DFG de catégorie G5 ont subi une fracture clinique au cours de la période
d’étude. Dans I'analyze multivariée, chaque déclin d’un point d’écart-type au score T de la DMO a la hanche a été associé a
une augmentation significative du risque de fracture (RR = 1,46; 1C 95 %: 1,12-1,89). L’ajout des marqueurs des TMO-IRC et
des facteurs de risque cliniques n’a pas contribué davantage au modéle. Une faible DMO s’est avérée le seul facteur de risque
indépendant de subir une fracture chez les patients atteints d’IRC.

Limites: Les fractures ont été identifiées a partir des dossiers administratifs et par auto-déclaration des patients. Nous
n’avons pas procédé a I'imagerie de la colonne vertébrale pour confirmer les fractures vertébrales morphométriques. Nous
n‘avons pas été en mesure de rassembler les onze variables du score FRAX ni les informations sur I'origine ethnique des
patients. Les registres de facturation ne nous ont pas permis d’établir le site de la fracture (hanche, rachis ou autre). Les
taux initiaux d’excrétion de I'albumine n’ont pas été mesurés. Le traitement de I'ostéopathie sous-jacente a l'aide d’agents
pharmacothérapeutiques pourrait avoir atténué le risque de fracture des patients et ainsi, sous-évalué I'association entre la
DMO et de futures fractures.

Conclusion: Nos résultats confirment que la DMO est prédictive du risque de fractures. L’ajout des paramétres transversaux
des TMO-IRC et des facteurs de risque cliniques a la mesure de DMO n’en a pas amélioré la valeur prédictive. Des études
prospectives devraient examiner I'intérét des marqueurs biochimiques longitudinaux pour améliorer I'évaluation du risque
de fracture.
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What was known before What this adds

There is emerging evidence that bone mineral density = Measurement of bone mineral density at the spine, hip, and
predicts fractures in patients with chronic kidney femoral neck predicted future fractures. However, fracture
disease. prediction by total hip 7-Score was not improved by adding
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clinical risk factors and markers of chronic kidney disease
and mineral and bone disease to the risk-prediction model.

Introduction

Patients with chronic kidney disease (CKD) are at an
increased risk for bone fractures.'™ Fracture prevalence rates
are more than 2-fold higher when glomerular filtration rate
(GFR) is less than compared to when is greater than 60 mL/
min/1.73m?’ and fracture risk increases further as kidney
function declines. In 2010, after hip fracture, health-care-
associated costs among patients with non-dialysis-requiring
CKD were estimated to exceed $600 million, and the risk of
mortality was more than double of that for the general popu-
lation.” Therefore, the substantial medical and economic bur-
den of fractures makes it crucial to identify CKD patients at
high fracture risk.'”

Optimal methods to assess fracture risk in CKD patients
are not well defined. Recently, two prospective studies in
patients with moderate- to end-stage kidney disease sup-
ported the use of measuring areal bone mineral density
(BMD) through dual-energy x-ray absorptiometry (DXA)
to identify patients at risk for fracture.*” These studies
reported that fracture risk increased with low BMD, that
BMD predicted fracture similarly in patients with and with-
out CKD, and that the World Health Organization (WHO)
T-Score thresholds for predicting risk could be applied to
CKD patients. However, similar to the general population,
there are limitations to the use of DXA as a fracture risk
classification tool. In severe CKD, the sensitivity of BMD
for fracture discrimination varies widely (between 20% and
80%), with many patients sustaining fractures despite nor-
mal or high BMD.'"" Thus, to improve the sensitivity of
BMD testing for fracture risk classification, there is interest
in using clinical risk factors to predict risk, and several
studies suggest that the Fracture Risk Assessment (FRAX)
tool classifies risk in CKD patients.'*'*> Owing to the lack
of large prospective cohorts of CKD patients which mea-
sure skeletal outcomes, no study has assessed whether or
not combining areal BMD and clinical risk factors for frac-
ture with biochemical markers of CKD-mineral and bone
disease (CKD-MBD) improves the sensitivity of fracture
risk screening.

Between 2001 and 2010, the institutional policy in our
multidisciplinary CKD clinic was to refer all patients for
BMD testing by DXA. In the following investigation, we
hypothesized that BMD testing at entry in our CKD clinic
would predict future fractures and that the addition of bio-
chemical markers of CKD-MBD (parathyroid hormone
[PTH], alkaline phosphatase [ALP], calcium, and phos-
phorus) would improve the sensitivity of BMD for fracture
prediction. To test our hypothesis, we evaluated 374 con-
secutive CKD patients who underwent a DXA scan
between 2001 and 2010 and who were followed longitudi-
nally to examine relationships between BMD, biochemical

markers of CKD-MBD, and fracture risk across Kidney
Disease Improving Global Outcomes (KDIGO) GFR cate-
gories G3a to G5.

Methods

Eligibility Criteria

Between January 31, 2001, and January 31, 2010, a total of
473 patients were referred to the Regina Multidisciplinary
CKD program. Of these, 431 patients were G2 to GSND
(not on dialysis). Guidelines at the time suggested perform-
ing routine BMD tests in patients with GFR categories G3a
through G5ND regardless of fracture-associated risk fac-
tors. This was performed in 407 (G3-5ND) patients, but we
were able to collect data in 374 patients and are the subject
of this study. Patients with a previous history of fracture at
the time of the referral to the program also received a DXA
scan and were included in the analysis. Any patient found to
be meeting criteria for low bone mass or osteoporosis
through DXA and/or a previous history of fracture was
referred to a metabolic bone disease specialist for further
management. Ethical approval to conduct this research was

granted by our Institutional Research Ethics Board (approval
iD: REB-11-21).

Measures

Bone mineral density measurements were made on a single
device (GE Lunar Corp, Madison, WI, USA) at the lumbar
spine, total hip, mean of left and right femoral neck, and the
one-third radius. We assessed the areal BMD (g/cm?®) and
T-Scores using the National Health and Nutrition Examination
Survey reference population. We also used the WHO defini-
tions of BMD categories: normal bone density (7-Score =
—1.0), low bone mass (7-Score between —1.0 and —2.5), and
osteoporosis (7-Score = -2.5).

We included both atraumatic and traumatic fractures in
this analysis, as previous investigations have reported that
their exclusion may result in under-reporting of fragility
fractures.'® Fractures were identified using a combination of
self-reported interviews at the time of undergoing DXA
scans, hospital records from the emergency room or in-
patient stay, office visits with specialists dealing with frac-
tures collected from the Medical Information Quality
database (MIQS), which is a repository for all nephrology-
related information in our institution. For patients outside of
our geographic area of our Institution, billing records of
family physicians and specialists were obtained from the
provincial Ministry of Health. Linkage was made through
Health Insurance Card number, a unique number assigned
by our provincial ministry of health used for billing all
insured services. As fractures result in pain and associated
with high recall, we felt that they were less likely to be
underreported. Baseline fractures included patients with a
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history of fractures at the time of DXA scan. We did not
include multiple fractures per patient in this report. Fracture
was coded as a binary variable.

Laboratory measures were extracted from the MIQS data-
base. The closest values within 12 months of the DXA scan
were obtained for baseline creatinine, which we used to cal-
culate eGFR in mL/min/1.73m’ by the 4-variable Modification
of Diet in Renal Disease formula, and markers of CKD-MBD
(total serum calcium, phosphorus, PTH, and total ALP). From
January 2001 to May 2012, PTH levels were analyzed using
the Immulite 2000 Intact PTH assay, a solid-phase, 2-site che-
miluminescent enzyme labeled immunometric assay (CMIA).
From May 2012, we used ARCHITECT Intact PTH assay
(Abbott Diagnostics, Abbott Park, IL, USA), a two-step sand-
wich immunoassay using CMIA.

Patient demographics and clinical risk factors for fracture
were collected from MIQS and included age, sex, body mass
index (BMI), comorbid conditions (diabetes), glucocorticoid
use, current smoking status, cause of renal disease, family
history of fractures, and personal history of a bone fracture.
Data on ethnicity was not collected. For women, we also
recorded menopausal status and use of hormone replacement
therapy.

Statistical Analyses

Variables related to kidney function and risks of fracture
were selected a priori as potential covariates. Heavily skewed
continuous data were transformed using the natural log. We
chose to evaluate fracture as our primary outcome a priori.
The relationship between clinical risk factors and total hip
T-Score was examined using a linear trend analysis in analy-
sis of variance and cross-tabulation. Multiple regression was
used to examine the adjusted association between all the
covariates and total hip 7-Score.

We tested for the presence of multicollinearity using vari-
ance inflation factors (VIFs). A VIF above 4 would require
further investigation. The final model including all covariates
did not show any signs of serious multicollinearity. A series of
logistic regression models were developed to examine the
relationship between BMD and risk factors associated with
fracture risk. The initial model examined total hip 7-Score as
a univariate predictor of fracture. A sequential multivariable
model adjusted for eGFR (per mL/min/1.73 m?), clinical risk
factors (age, sex, BMI, smoking, family history of fracture,
history of fracture, and prednisone use), biochemical markers
of CKD-MBD (calcium [per mmol/L lower], phosphate [per
mmol/L higher], ALP [per U/L higher], and intact PTH [per
pmol/L higher]). To examine whether total hip BMD was
similarly associated with fractures by CKD severity, we tested
a total hip 7-Score by eGFR interaction within the final mul-
tivariable-adjusted model. In companion analyses, we also
tested the final model using the 7-Scores from femoral neck,
spine, and one-third radius to compare across sites. Missing
data were imputed with multiple imputations using PROC MI

in SAS, Version 9.3 (SAS Institute Inc, Cary, NC, USA).
Statistical analyses were conducted with SPSS, Version 17.0
(SPSS Inc, Chicago, IL, USA). All statistical tests were
2-sided, and a P value < .05 was considered statistically sig-
nificant for all analyses including interaction terms.

Results

Clinical Characteristics of the Study Population

A total of 374 patients were included in this analysis. Fifty-
nine (16%) of the patients had a fracture during the 10-year
follow-up period. Patients with fractures had lower GFR mL/
min/1.73m* (SD: 26.4 [1.7] vs 28.3 [0.7]), more females
(50.9% vs 36.8%) and lower mean femoral neck and total hip
T-Scores (—1.92 [0.15] vs —1.56 [0.06] and —1.45[0.16] vs
—0.97 [0.07]), respectively (Table 1).

Clinical characteristics of study participants across total
hip 7-Score categories (=-1.0, between —1.0 and —2.5,
=-2.5) are shown in Table 2. Compared to those with a
T-Score = —1.0, participants with 7-Score = —2.5 were older
(64.3 years vs 73.2 years, P = .0001), had lower BMI (32.3
vs 25.3, P <.0001), lower eGFR (30.5 vs 25.8, P = .0015),
higher PTH (8.6 vs 11.2 pmol/L, P = .0015), and more inci-
dent fractures (13.3% vs 31.7%, P = .0119).

Clinical characteristics of study participants based on
KDIGO GFR categories are shown in Table 3. Compared to
those with GFR categories G3a to G3b, participants with
GFR category G5ND had lower 7-Scores (—0.82 vs —1.49, P
= .0008), lower levels of serum calcium (2.35 vs 2.23, P =
.0001), and higher levels of serum phosphorus (1.16 vs 1.54,
P = .0001) and PTH (6.7 vs 11.7, P = .0001; Table 3).

Total Hip BMD as a Predictor of Incident
Fracture

Relationships between each lower SD in total hip 7-Score
and incident fracture were determined (Table 4). In an unad-
justed model, each lower SD in total hip 7-Score was associ-
ated with a 46% higher odds of incident fracture (OR = 1.46;
95% confidence interval [CI], 1.12-1.89). In the second
model, with the additional adjustment for eGFR, the odds of
fracture remained significant at 1.44 (95% CI, 1.1-1.87). In
the third model, after adjustment for clinical risk factors
(age, sex, BMI, family history of fracture, previous history of
fracture, smoking, and prednisone use), the odds of fracture
remained similar (OR = 1.48; 95% CI, 1.09-2.02). In the
fourth model, we included biochemical markers of CKD
(calcium, phosphorus, ALP, and iPTH), and the odds of frac-
ture remained the same (OR = 1.46; 95% CI, 1.12-1.9). In
the final model, despite combining eGFR, clinical risk fac-
tors and biochemical markers of CKD-MBD, the relation-
ship between total hip 7-Score and incident fracture remained
unchanged (OR = 1.47; 95% CI, 1.07-2.03). In Table 5, the
association of 7-Scores with incident fractures was
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Table I. Clinical Characteristics of Study Participants by Incident Fracture Status.
Incident fracture

No (n = 315) Yes (n = 59) All patients (n = 374) P value
Age, y 67 (0.76) 67 (1.78) 67 (0.70) 9319
Body mass index, kg/m” 30 (0.34) 29 (0.80) 29 (0.32) 2735
Male, No. (%) 199 (63.0) 29 (49.1) 228 (61.0) .0445
Diabetes, No. (%) 171 (54.2) 28 (47.4) 199 (53.2) .3356
Hypertension, No. (%) 278 (88.2) 52 (88.1) 330 (88.2) 9793
Use of thiazide diuretics, No. (%) 61 (19.3) 17 (28.8) 78 (20.9) .1038
Use of loop diuretics, No. (%) 136 (43.1) 25 (42.3) 161 (43.1) .9093
eGFR, mL/min/1.73m? 28.3 (0.72) 26.3 (1.72) 27.99 (0.67) .2880
Calcium, mmol/L 2.31 (0.01) 2.32 (0.02) 2.31 (0.01) .7055
Phosphate, mmol/L 1.27 (0.02) 1.32 (0.04) 1.27 (0.02) .2390
Alkaline phosphatase, U/L 89 (72-111) 86 (69-109) 87.5 (72-111) 4494
Intact PTH, pmol/L 9.89 (5.69-16.8) 10.65 (6.64-15.30) 9.99 (5.74-16.5) 8139
Family history of fracture, No. (%) 58 (18.4) 17 (28.8) 75 (20.1) .0698
Current smoking, No. (%) 66 (20.9) 8 (13.5) 74 (19.8) .1949
Prednisone use, No. (%) 25 (7.9) 5(8.4) 30 (8.0) .8890
Calcium/vitamin D use, No. (%) 170 (53.9) 34 (57.6) 204 (54.6) .6047
Total femoral neck T-Score —1.56 (0.06) -1.92 (0.15) -1.62 (0.06) .0204
Total hip T-Score -0.97 (0.07) —1.45 (0.16) -1.05 (0.06) .0038

Note. Continuous variables given as mean (standard deviation) for normally distributed variables and median (interquartile range) for nonnormally
distributed variables. Categorical variables presented as No. (%). GFR = glomerular filtration rate; PTH = parathyroid hormone.

compared between the total hip, femoral neck, lumbar spine,
and distal radius in adjusted models. The odds of fracture per
1 SD lower in 7-Score were similar for hip and femoral neck.

Discussion

This investigation tested the utility of adding clinical risk
factors and cross-sectional biochemical markers of CKD-
MBD to measurement of BMD for fracture prediction in
patients managed in a real-world CKD program. Consistent
with our hypothesis, we found that measurement of BMD at
the spine, hip, and femoral neck predicted future fractures.
Contrary to our hypothesis, we did not find that fracture pre-
diction by total hip 7-Score was improved by adding clinical
risk factors and markers of CKD-MBD to the risk-prediction
model. We also confirmed findings from other studies that
lower 7-Scores are associated with lower GFR independent
of age,’ and that fracture incidence and prevalence is higher
in patients with more severe kidney disease.*®

Naylor et al' reported 3-year cumulative fracture inci-
dence rates based on sex and eGFR, ranging from 1.6% for
men with eGFR > 60 mL/min/1.73 m* and 9.6% for women
with eGFR < 15 mL/min/1.73 m* In contrast, 16% of our
patients had a cumulative fracture incidence over 10 years.
In contrast to Naylor et al, 56% of our patients were in G4
and GS5. Sixteen percent of patients with G4 and 20% of
patients in G5ND had a fracture over a 10-year follow-up
period. Based on the distribution of sex and category of CKD
in our cohort, our fracture incidence rates are consistent with

those reported in the Ontario data sets. Only recently has
measurement of BMD by DXA been proven to predict frac-
tures in patients with CKD. In patients with predialysis CKD
and on hemodialysis, prospective studies have demonstrated
that lower BMD at the hip and forearm predict future frac-
tures and that the WHO T7-Score thresholds are acceptable to
fracture risk classification.”'”"® Our study obtained mea-
sures of BMD at entry into our CKD program irrespective of
clinical risk of fracture and followed patients prospectively
based on the severity of their underlying kidney disease.
Fracture events were ascertained and confirmed through
review of patient-reported outcomes and fracture-associated
doctor visits recorded in our electronic health record. Thus,
our study is unique and advances the field of fracture risk
screening in CKD in that it is the first report from a CKD
program and demonstrates the real-world benefit of measur-
ing BMD at the point of entry to the general nephrology
clinic irrespective of fracture risk. We believe that this type
of study design provides accurate validation of the utility of
measuring BMD for fracture risk screening in CKD patients.

We found that lower BMD was associated with both
baseline and incident fractures. Similarly, cross-sectional
studies in CKD patients have reported that fractures occurred
despite normal or high BMD.""'"**" Furthermore, in the gen-
eral population, half of all fragility fractures occur in patients
with BMD above the osteoporotic threshold. For this rea-
son, the FRAX tool was developed. The FRAX incorporates
11 clinical risk factors for fracture, with or without BMD, to
predict 10-year absolute risk of hip and major osteoporotic
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Table 2. Clinical Characteristics of Study Participants by Total Hip T-Score Category.

Total hip T-Score

=-1.0 Between —1.0 and —-2.5 =-25

N =173 N = 162 N =39 P value
Age (Mean, SD), y 64 (0.33) 69 (0.32) 73 (0.60) .0001
Body mass index (Mean, SD), kg/m* 32 (0.15) 28 (0.13) 25 (0.24) <.0001
Male, No. (%) 115 (66.5) 93 (58.1) 20 (48.8) .0704
Diabetes, No. (%) 101 (58.4) 80 (50.0) 18 (43.9) .1390
History of fracture, No. (%) 40 (23.1) 45 (28.1) 19 (46.3) 0ll1é
Hypertension, No. (%) 153 (88.4) 142 (88.8) 35 (85.4) .8299
Use of thiazide diuretics, No. (%) 36 (20.8) 31 (19.4) I'1(26.8) 5772
Use of loop diuretics, No. (%) 70 (40.5) 72 (45.0) 19 (46.3) .6371
eGFR (Mean, SD), mL/min/|.73m? 30.5 (0.32) 25.8 (0.30) 25.8 (0.58) .0015
Calcium (Mean, SD), mmol/L 2.32 (0.0036) 2.29 (0.0037) 2.29 (0.0085) .1082
Phosphate (Mean, SD), mmol/L 1.23 (0.0063) 1.31 (0.0088) 1.30 (0.0182) 1537
Alkaline phosphatase (Median, IQR), U/L (68-105) 90 (74-114) 92 (67-111) 0811
Intact PTH (Median, IQR), pmol/L 8.61 (4.88-13) 11.2 (6.6-19.7) 11.7 (7.4-19.5) .0015
Incident fractures, No. (%) 23 (13.3) 23 (14.4) 13 (31.7) 0119
Family history of fracture, No. (%) 32 (18.5) 39 (244) 4(9.8) .0891
Current smoking, No. (%) 38 (22.0) 28 (17.5) 8 (19.5) .5926
Prednisone use, No. (%) Il (6.4) 14 (8.8) 5(12.2) 4207
Calcium/vitamin D use, No. (%) 84 (48.6) 97 (60.6) 23 (56.1) .0850

Note. Continuous variables given as mean (standard deviation) for normally distributed variables and median (interquartile range) for nonnormally
distributed variables. Categorical variables presented as No. (%). GFR = glomerular filtration rate; IQR: interquartile range; PTH = parathyroid hormone.

Table 3. Clinical Characteristics of Study Participants by KDIGO GFR Categories.

G3a-G3b (N = 147) G4 (N = 66) G5 (N = 6l) P value
Hip BMD (Mean, SD) 0.95 (0.18) 0.92 (0.16) 0.86 (0.14) .0008
Hip BMD T-Score -0.82 (1.24) -1.08 (1.09) -1.49 (0.93) .0011
Hip BMD Z-Score 0.09 (1.22) —0.04 (1.06) -0.59 (0.97) .0006
Baseline fractures, No. (%) 57 (38.8) 57 (34.3) 29 (47.5) .1899
Incident fractures, No. (%) 21 (14.3) 26 (15.7) 12 (19.7) .6237
Calcium (Mean, SD), mmol/L 2.35(0.14) 2.30 (0.15) 223 (0.17) <.0001
Phosphorus (Mean, SD), mmol/L 1.16 (0.24) 1.27 (0.26) 1.54 (0.45) <.0001
ALP (Median, IQR), U/L 86 (70-108) 88 (73-113.5) 90 (72-109) .8444
PTH (Median, IQR), pmol/L 6.7 (4.3-10.3) 1.7 (7.8-16.5) 20.1 (11.6-29.8) <.0001
eGFR (Mean, SD) 41.0 (8.5) 22.8 (4.2) 10.8 (4.0) <.0001

Note. Continuous variables given as mean (standard deviation) for normally distributed variables and median (interquartile range) for non-normally
distributed variables. Categorical variables presented as No. (%). KDIGO = Kidney Disease Improving Global Outcomes; GFR = Glomerular Filtration
Rate; BMD = bone mineral density; ALP: alkaline phosphatase; IQR: interquartile range; PTH = parathyroid hormone.

fracture. The FRAX tool was demonstrated to improve the
sensitivity of fracture risk prediction through DXA." In
patients with CKD, a recent study had reported that FRAX
discriminated and predicted fractures.”’ However, whether
the combination of clinical risk factors with BMD improves
predictive discrimination is not clear.”* Therefore, we
tested whether combining a subset of the clinical risk factors
in FRAX (age, sex, race, weight, height, family history of
fracture, glucocorticoid use, and smoking history) with
BMD at the total hip would improve fracture prediction. We
found that none of the clinical risk factors predicted

fracture. Although reasons for the lack of association
between fracture and clinical risk factors cannot be mecha-
nistically explored in this epidemiologic investigation, one
can hypothesize that in renal osteodystrophy, the underlying
defects in bone quality due to uremia override those due to
classical clinical risk factors. This hypothesis needs to be
tested in prospective studies.

Renal osteodystrophy is a complex heterogencous dis-
order of the bone which is due to abnormal calcium and
phosphate metabolism, decreased calcitriol synthesis,
increased PTH levels, metabolic acidosis, and defective
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Table 5. Adjusted Association of T-Scores at Different Sites
With Incident Fracture in CKD Patients.

OR (95 % Cl)

Total hip T-Score (per | point lower) 1.47 (1.08-2.01)
Femoral neck T-Score (per | point lower) 1.44 (1.01-2.04)
Lumbar spine T-Score (per | point lower) 1.22 (1.00-1.47)
Radius T-Score (per | point lower) 1.04 (0.82-1.31)

Note. Models are adjusted for age, sex, diabetes, BMI, calcium, phosphate,
alkaline phosphatase, intact PTH, and eGFR. CKD = chronic kidney
disease; Cl = confidence interval; BMI = body mass index; PTH =
parathyroid hormone; GFR = glomerular filtration rate.

bone mineralization.'® Studies have found that elevated
levels of PTH predict bone loss in patients with CKD** and
that cross-sectional measure of ALP predicts fractures in
patients on dialysis.”*> Our CKD program measured cross-
sectional levels of CKD-MBD biochemical markers,
including PTH, ALP, calcium, and phosphorus as parts of a
CKD management protocol. In this investigation, we
included in our prediction models those CKD-MBD mea-
sures that were obtained within 12 months of BMD, and
we did not find that they were associated with either base-
line or incident fractures. The lack of association between
markers of CKD-MBD and fracture may be due to their
dynamic nature. Markers of CKD-MBD change in response
to disease severity and to treatment with vitamin D, calci-
mimetics, antiresorptives, and osteoanabolic agents.
Therefore, it is likely that the cross-sectional biochemical
measures of CKD-MBD included in our prediction models
did not reflect their overall skeletal effect during the course
of treatment for hyperparathyroidism or CKD-MBD. In
light of our findings, future work should test whether serial
measures of CKD-MBD markers are predictive of fracture
events. Indeed, a previous study had used time-averaged
levels of CKD-MBD markers to reflect the dynamic prop-
erties of PTH on the skeleton.”

Limitations

We retrospectively collected data from paper charts and
MIQS which limited us to imaging within the Regina
Qu’Appelle Health Region (RQHR). For events that occurred
outside of the geographic areca of RQHR, billing records
from the Ministry of Health were obtained. Self-reporting by
patients and administrative records were used to identify
fractures, and we did not perform spine imaging to ascertain
morphometric vertebral fractures. Although it may have
underestimated risk, fracture is an event that results in pain
and high recall, and it is unlikely that we would have under-
ascertained clinical fracture events. Short of radiological
confirmation, we used all available resources at hand to cap-
ture most of the fractures. Despite our best attempts, there is
a likelihood of recall bias. We did not have data on serial

measurements of BMD. Although we were unable to deter-
mine if changes in measurements of CKD-MBD over the
course of care in the CKD program affected fracture risk, our
study does inform our community on the clinical signifi-
cance of a single BMD measurement over the medium- to
long-term period.

We were also unable to determine the exact site and date of
fracture, as we were dependent on self-reported questionnaires
before the DXA scan, hospital electronic medical records, and
billing information from the Ministry of Health. As we col-
lected the data, most of the paper charts have been archived by
the Health Region, a new electronic health record for the
region was introduced in 2014, and not all of the electronic
data were transferred. It will be unfortunately be very hard to
retrieve additional data. We did not collect data on markers of
bone resorption; however, ALP is a useful marker of bone for-
mation in patients with CKD,” and as the prevalence of gluco-
corticoid use was low, it is unlikely that uncoupling of
remodeling activity was common for our patients. Data on
patient’s albumin excretion rates was not collected at baseline.
Albuminuria has been identified as an independent risk factor
for fracture,”*® but data on albumin excretion rates was not
collected at baseline. Although we used laboratory data
obtained within 12 months of DXA, most laboratory data were
obtained within 6 months of imaging. Although we were
unable to collect the entire set of FRAX variables to include in
our models, we did include a subset (8/11) of the FRAX vari-
ables in logistic models and tested their association with frac-
ture. We did not capture data on ethnicity in our cohort. Our
findings may have been biased by referral of all patients with
previous fractures or osteoporosis to a metabolic bone disease
specialist for management. Treatment of the underlying bone
disease may have attenuated patients’ fracture risk and thus
underestimated the association between BMD and future frac-
ture. Furthermore, referral and treatment may have negated
the utility of cross-sectional measures of PTH, ALP, calcium,
and phosphorus to predict incident fractures.

Conclusions

In conclusion, this is the largest Canadian cohort of CKD
patients with DXA scans to our knowledge. We found that
BMD predicts fractures across the spectrum of CKD and that
in the context of a CKD program, combining BMD with
clinical risk factors and cross-sectional markers of CKD-
MBD does not improve fracture risk prediction. As fractures
lead to significant morbidity and mortality, we believe that
there is a role for BMD testing in CKD programs. Future
research is needed on the utility of serial measures of CKD-
MBD biomarkers and BMD to predict fractures in CKD
patients. The major strength of our study is that the popula-
tion is a large unbiased cohort of patients with CKD who
underwent measurement of BMD by DXA per CKD-MBD
treatment protocol, regardless of history of fracture.
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