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Abstract

Purpose: Kidney transplant recipients are prone to metabolic bone diseases and consequent fractures. This study aimed to
evaluate the incidence of incipient vertebral fractures, osteopenia, osteoporosis, and the clinical factors associated with incipient
vertebral fractures in a group of kidney transplant patients. Methods: Two hundred sixty-four patients (F/M:124/140, 45.3+13
years) who had undergone kidney transplantation between 2008 and 2018 and who were followed up at least one year in third care
centers were included in this multicenter retrospective study. Bone mineral densitometry was performed using dual-energy X-ray
absorptiometry. Vertebral fractures were assessed semi-quantitatively using conventional thoracolumbar lateral radiography in
202 of the patients. Results: Vertebral fractures were observed in 56.4% (n=114) of the study group. Severe vertebral fractures
were observed in 30.7% (n=62) of the patients in vertebral X-ray evaluation. The frequency of osteoporosis was 20.0% (53 of
264 patients), and osteopenia was 35.6% (94 of 264 patients). BMD levels were in the normal range in 40.3% (n=46) of the
subjects with vertebral fractures. It was in the osteoporotic range in 20.1% (n=23) and the osteopenic range in 40.3% (n=46).
Serum calcium, parathormone vitamin, and creatinine levels were similar between the patients with and without vertebral
fractures. Femoral neck BMD was negatively correlated with age (r: -0.21, p<0.001) and positively correlated with body mass
index (r:0.29, p<0.001). Vertebral fractures were associated with age, duration of hemodialysis, BMI, femoral neck Z score (R2:
37.8%, p=0.027). Conclusion: BMD was in the normal or osteopenic range in 79.8% in our cohort of renal transplant patients
with incipient vertebral fractures. As incipient vertebral fractures can be observed in patients with normal BMD levels in kidney
transplant recipients, conventional X-ray screening for vertebral fractures may be beneficial for a proper therapy decision of

metabolic bone disease in kidney transplant recipients.
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Abstract:

Purpose: Kidney transplant recipients are prone to metabolic bone diseases and consequent fractures. This
study aimed to evaluate the incidence of incipient vertebral fractures, osteopenia, osteoporosis, and the
clinical factors associated with incipient vertebral fractures in a group of kidney transplant patients.

Methods: Two hundred sixty-four patients (F/M:124/140, 45.3413 years) who had undergone kidney trans-
plantation between 2008 and 2018 and who were followed up at least one year in third care centers were
included in this multicenter retrospective study. Bone mineral densitometry was performed using dual-energy
X-ray absorptiometry. Vertebral fractures were assessed semi-quantitatively using conventional thoracolum-
bar lateral radiography in 202 of the patients.



Results:

Vertebral fractures were observed in 56.4% (n=114) of the study group. Severe vertebral fractures were
observed in 30.7% (n=62) of the patients in vertebral X-ray evaluation. The frequency of osteoporosis was
20.0% (53 of 264 patients), and osteopenia was 35.6% (94 of 264 patients).

BMD levels were in the normal range in 40.3% (n=46) of the subjects with vertebral fractures. It was in the
osteoporotic range in 20.1% (n=23) and the osteopenic range in 40.3% (n=46). Serum calcium, parathormone
vitamin, and creatinine levels were similar between the patients with and without vertebral fractures.

Femoral neck BMD was negatively correlated with age (r : -0.21, p<0.001) and positively correlated with
body mass index (r:0.29, p<0.001). Vertebral fractures were associated with age, duration of hemodialysis,
BMI, femoral neck Z score (R?: 37.8%, p=0.027).

Conclusion: BMD was in the normal or osteopenic range in 79.8% in our cohort of renal transplant patients
with incipient vertebral fractures. As incipient vertebral fractures can be observed in patients with normal
BMD levels in kidney transplant recipients, conventional X-ray screening for vertebral fractures may be
beneficial for a proper therapy decision of metabolic bone disease in kidney transplant recipients.

What is known?
Kidney transplant recipients are prone to metabolic bone diseases and consequent fractures.

A high prevalence of osteoporosis and osteopenia leading to fractures, has been reported after kidney trans-
plantation.

What is new?

40.3% of the patients who presented with vertebral fractures had bone densitometry measurements in the
normal range.

The presence of vertebral fractures was associated with age, duration of hemodialysis, BMI, femoral neck T
score, femoral neck Z score.

As vertebral fractures are prevalent in kidney transplant recipients, radiographic screening for vertebral
fractures may be beneficial.

Introduction:

Kidney transplant recipients are prone to metabolic bone diseases and have a high risk of fractures. A high
prevalence of osteoporosis (ranged 13.9% to 53% [1-5]) and osteopenia (ranged 7 % to 52.5% [3, 5-9]), leading
to fractures, has been reported after kidney transplantation (KT). Although hip fractures often present with
clinical signs, most vertebral fractures occur atypically [10]. Patients may benefit from radiographic screening
for vertebral fractures. Vertebral fractures are often overlooked, but even undiagnosed vertebral fractures
negatively affect physical function [11], quality of life [12], and mortality [13].

It has been well demonstrated that rapid bone loss occurs primarily in the first six months after KT. Fol-
lowing this initial period, the decrease proceeds at a slower rate or stabilizes. Approximately 2.9% to 6.8%
bone loss at the spine over the first six months after kidney transplantation was detected [9, 14-16]. After
the 18th month, the annual bone loss rate decreases to 1.7% [17]. Bone loss after kidney transplantation is
mainly associated with glucocorticoids and other immunosuppressive drugs and previous renal osteodystro-
phy. Other risk factors for bone loss include hyperparathyroidism, decreased vitamin D, diabetes mellitus,
post-transplant metabolic acidosis, kidney/pancreas transplantation, and the predictors of osteoporosis in
the general population such as age, smoking, female gender, low body mass index (BMI). As a consequence
of these factors, renal transplant recipients have shown three times increased bone fracture risk compared to
age-matched controls [18, 19].

The incidence of fractures in the first five years after kidney transplantation has been reported between 8%
and 45% in previous studies [4, 5, 18, 20, 21]. Bone fractures mainly occur within two years after transplan-



tation [5]. Peripheral fractures (involving hands, ankles, feet, and femur) are detected more commonly than
spinal fractures [22].

In clinical studies, there is a wide range of distribution of vertebral fracture (VF) ratios, ranged between 1.8
to 38.5 % [4, 18, 23-25|, and there are conflicting results about predictors of fracture.

This descriptive clinical study aimed to determine vertebral fracture prevalence using lateral spinal radio-
graphs and the factors associated with vertebral fractures and to evaluate bone mineral density measurements
in kidney transplant recipients on a multicenter basis.

Methods:
Patients’ clinical and laboratory evaluation

We included 264 patients who underwent renal transplantation and followed in endocrinology and nephrology
clinics od Marmara University School of medicine, Kartal Lutfi Kirdar Research and Training Hospital,
Bakirkoy Dr. Sadi Konuk Research and Training Hospital, and Dicle University Medical School. All study
participants underwent their first transplantation over 12 months, and in this period, graft function was
stable. Immune-suppressive treatment was not changed in the last year.

Patients who underwent kidney-pancreas transplantation, patients already on bisphosphonate or denosumab
treatment, hyperparathyroidism, or unstable renal function were excluded from the study.

The study protocol was approved by the Marmara University Medical School Ethics Committee (09.2017.518)
and conducted following the International Conference on Harmonization Guidelines for Good Clinical Prac-
tice and the Declaration of Helsinki.

The induction treatment consisted of 1g of methylprednisolone along with anti-thymocyte globulin or basil-
iximab, and maintenance therapy included calcineurin inhibitors (tacrolimus or cyclosporine), mammalian
target of rapamycin (mTOR) inhibitors (sirolimus or everolimus), anti-proliferative agents (mycophenolate
mofetil/ mycophenolic acid or azathioprine) and steroids. After induction, the steroid dose is gradually
tapered to 5 mg/day for maintenance.

Clinical characteristics of patients, detailed medical history (duration of hemodialysis, peritoneal dialysis,
fracture history, medical history), demographic parameters (age and sex), body mass index, and laboratory
data [blood urea nitrogen (BUN), creatinine, calcium, phosphorus, albumin, 25-OH vitamin D, alkaline phos-
phatase (ALP)], routine lateral thoracal and lumbar Xray images and bone mineral density measurements
at the last visit were obtained retrospectively from medical records.

Calcium levels were measured using a photometric color test, phosphorous levels were analyzed using a
photometric ultraviolet (UV) test, and ALP and creatinine were analyzed using a kinetic color test (Jaffe
method) with an AU5800 Clinical Chemistry Analyzer (Beckman Coulter, USA). Serum PTH was determined
in all cases using an immunoassay method (Roche, modular system, E170, Germany). 25-OH vitamin D was
analyzed using an immunoassay method on a Unicel DXI 800 automated analyzer (Beckman Coulter, USA).

Bone mineral density measurements

Dual-energy X-ray absorptiometry (DXA) was used to determine bone mineral density (BMD). DXA mea-
sured the lumbar spine (L1-L4) in the anteroposterior (AP) projection and the three sites of the right and
left hip (femoral neck, Ward’s triangle, and trochanter) using Lunar, DPX-L. The coefficient of variation
(CV) for three sets of measurements was 1.0%.

Osteopenia was defined according to the classical WHO criteria, as a T score for the lumbar AP or femoral
neck between -1 SD and -2.5 SD accordingly.

Osteoporosis was defined as the BMD T score on DXA at the lumbar spine or femoral neck that is less than
or equal to -2.5 SD for postmenopausal women and aged over 50 years men. For premenopausal women and



those aged below 50 years men, it was defined as a BMD Z score on DXA at the lumbar spine or femoral
neck less than -2 SD or equal.

Vertebral fracture evaluation

Lateral chest and lumbar radiographs were used for the diagnosis of vertebral fractures. A semiquantitative
method defined by Genant et al.was used [26]. Vertebral fractures were graded as normal (grade 0), grade 1
(mild, approximately 20-25% reduction in anterior, middle, and/or posterior height and a reduction of area
10-20%), grade 2 (moderate, approximately 25-40% reduction in any height and a reduction of area 20-40%).
And grade 3 (severe, approximately 40% reduction in any height and area).

All radiographs were re-read in consensus readings and verified by an expert radiologist (OB). On average,
we evaluated 10.8 +- 1.4 vertebrae per patient.

Statistical analysis

Continuous variables were summarized using descriptive statistics presented as mean and standard deviation
(SD). Categorical variables were summarized using counts and percentages. Categorical data were analyzed
using the Chi-square (x2) test or Fisher exact test appropriately. Student’s t-test and analysis of variance
were used for parametric variables.

A multiple regression analysis was performed to define the relationship between vertebral fractures and the
following variables: age, gender, duration of chronic renal failure (CRF), duration of hemodialysis, time from
renal transplantation, BMI, creatinine, PTH, creatinine, lumbar spine BMD, lumbar spine Z score, femoral
neck BMD, and femoral neck Z score.

Two different multiple regression analyses were also performed to determine the relationship between lumbar
BMD and femoral neck BMD and parameters. Age, gender, duration of CRF, duration of hemodialysis, time
from renal transplantation, BMI, creatinine, PTH, creatinine, and 25-OH vitamin D were used as independent
variables.

Multiple regression analysis parameters with a possible influence on PTH were added as covariates; age,
gender, duration of CRF, BMI, calcium, phosphorous, and 25-OH vitamin D.

The results were evaluated at a 95% confidence interval, and p <0.05 was considered statistically significant.
All statistical analyses were performed using software (GraphPad InStat 3.0; GraphPad Software, Inc., San
Diego, CA, USA).

Results:

A total of 264 transplant recipients who underwent bone metabolism evaluation during the study period was
under steroid treatment as immune suppression.

Twelve percent of our cohort consisted of cadaver kidney recipients (n=32). The most common etiologies
for primary kidney diseases were as follows diabetes mellitus in 16.3% (n=43), glomerulonephritis in 23.5%
(n=62), hypertensive nephropathy in 19.3% (n=>51), polycystic kidney disease in 11.4% (n=30) and unknown
etiology in 29.5% (n=78) of the patients.

Patient characteristics and biochemical parameters

Male preponderance [F/M: 124 (47%)/140 (53%)] with mean age 45+13 years was observed. Clinical and
laboratory parameters are summarized in Table 1. The main renal replacement treatment was hemodialysis in
most cases, whereas 14% (n=37) of patients were treated with peritoneal dialysis before renal transplantation.
The median duration of follow-up post-transplantation was 6.7+4.8 years (range, 1-33 years).

Vertebral fracture

History of any fracture was reported in 42 cases, mostly located in ankles, feet, radius, and femur. Radiological
vertebral fracture evaluation was available for 202 patients. Patients’ clinical, laboratory parameters, and



DEXA results according to the presence of vertebral fractures are summarized in Table 2. Patients with
vertebral fractures were older than patients without vertebral fractures (46.84+11.4 yrs vs. 41.7+11.9 yrs,
p=0.012).

One hundred fourteen (56.4%) patients had grade 1 and more vertebral fragility fractures. While mild
fractures were detected in 26.2% (n=53/202) of the patients who were evaluated with X-ray, severe vertebral
fractures (grade two and more) were observed in 30.7% (n=62/202) of the patients. Thirteen patients (6.4%)
had grade 3 vertebral fractures. The mean number of lumbar and thoracic vertebral fractures was 3.1£1.7,
while the mean number of grade 2 fractures were 2.2+1.5 (min-max: 1-10).

The majority of vertebral fractures were observed more frequently in patients with normal BMD. Forty-six
patients (40.3%) with vertebral fractures had normal lumbar and femoral neck BMD, whereas 23 (20.1%)
and 45 (39.5%) patients with vertebral fractures were osteoporotic and osteopenic.

Bone mineral density

The mean Z score and BMD levels of the lumbar spine were -0.810+1.348 and 1.036+0.196 gr/cm?; and
those were -0.69341.196, and 0.855+0.158 gr/cm? in the femoral neck, respectively. While osteoporosis
was defined in 20% (n=53), osteopenia was present in 35.6% (94) of the whole study group. There was no
statistically significant difference between clinical, laboratory data of patient groups according to the presence
of osteopenia, osteoporosis, or normal BMD (p>0.05 for all), except age (Table 1). Diabetic patients had
lower BMD levels both in the femoral neck (p<0.001) and lumbar spine (p=0.035).

Correlation and multivariate regression analyses

Correlation analyses are shown in Table 3. A negative correlation between femoral neck BMD and age (r
: -0.21, p<0.001) was observed. Femoral neck BMD levels were positively correlated with BMI (r:0.29,
p<0.001) and lumbar BMD (r: 0.54, p<0.001) (Table 3). Lumbar BMD was positively correlated with BMI
(r:0.34, p<0.001) and the duration of CRF (r:0.22, p<0.001).

In multiple regression analyses, femoral neck BMD was associated with age and BMI (R?: 35.4%, p<0.001),
lumbar BMD was associated with BMI (R?: 18.6%, p=0.040). None of the variables (gender, duration of
CRF, time from renal transplantation, PTH, creatinine, femoral neck BMD, lumbar BMD, lumbar Z score)
were statistically associated with vertebral fractures in multiple regression analysis. However, those were
associated with age, duration of hemodialysis, BMI, femoral neck T score, femoral neck Z score (R?: 37.8%,
p=0.027). None of the clinical and laboratory parameters were associated with PTH levels (R?: 12.5%,
p=0.130).

Discussion:

In this retrospective study, vertebral fragility fractures were detected in 56.4% (n=114) of the patients.
Forty-six (40.3%) patients with VF had normal DEXA. Osteoporosis and osteopenia were observed in 20%
and 35.6% of the whole study group. Diabetic patients had lower BMD levels and Z scores both in the
femoral neck and lumbar spine.

Age and BMI, which have already known as predictive factors of osteoporosis in the general population,
were found as the factors associated with femoral neck BMD scores in renal transplant recipients in our
study. Techawathanawanna et al. also stated that the decreasing BMI and increasing age were correlated
with osteoporosis of the hip region [3].

The standardized incidence ratio of vertebral fractures was 23.1% in Vautour et al.’s study [24]. Vertebral
fractures were detected in 1.8% of patients in the O’Shaughnessy et al. study [25]. On the other hand,
in Nam et al., Durieux et al., Vautour et al., Schreiber et al., Patel et al., and Pichette et al. study the
prevalence of VF was 38.5%, 28.8%, 15.1%, 14.3%, 9.1%, and 5.7%, respectively [4, 17, 18, 23, 24, 27].
While Nam et al. [23] and Patel et al. [18] evaluated VF respectively with X-ray morphometric criteria and
semiautomated method, the rest of the studies used a semiquantitative method. This wide distribution rate



among studies on vertebral fracture frequency can be attributed to different definition criteria in the fracture
decision.

Increased fracture risk was associated with diabetes mellitus in previous reports [25, 28]. In Vautour et al.
study [24], increasing age and diabetes as the cause of end-stage renal disease were found as independent
predictors of overall fracture risk. While the standardized incidence ratio of vertebral fracture was 33.5% in
the diabetic patient, it was 21.2% in the non-diabetic group [24]. While the presence of diabetes was not
associated with vertebral fractures in our study, diabetic patients had lower BMD levels both in the femoral
neck and lumbar spine.

Low BMD in the femoral neck and lumbar spine was associated with an increased risk of vertebral fractures
[23]. In our study, femoral neck Z scores were found to be associated with vertebral fractures.

In a study with 238 kidney transplant recipients, patients with osteoporosis were found to have a 3.5-fold
increased risk of fracture than patients with normal BMD [5]. Contrary to Nam et al. study [23], BMD levels
showed no significant differences between patients with VF and without VF in our study. In the Marcel
et al. study, vertebral fractures were primarily observed in osteoporotic patients, but 43% of patients with
VF had normal lumbar BMD [6]. In our study, the VF ratio in patients with normal BMD was 40.3%.
Although our osteopenia and osteoporosis rate is lower than most previous reports, lower prevalences have
been reported [5, 17]. This difference between studies may be attributed to false signals from extra-osseous
calcifications or falsely high values obtained from unrecognized mechanical bone deformation or pre-existing
renal osteodystrophy.

Lumbar BMD losses have been reported as 3-10% in the first six months following kidney transplantation
[9]. Although there are no well-established therapeutic approaches to prevent early post-transplantation
bone loss, the most recommended manners to provide bone anabolic effects in renal transplant recipients
are; minimizing the dose of corticosteroids and using vitamin D supplements, active vitamin D (calcitriol
or alfacalcidol), or bisphosphonates [29-31]. In addition, determining the high-risk group for fractures with
routine vertebral radiological imaging can be helpful to decide giving treatment to renal transplant recipients
in the early period.

The major limitation of this study is that the evaluation of vertebral fractures was made using a semiquan-
titative method. Secondly, we evaluated retrospectively, limiting our ability to determine the exact timing
of the occurrence of VF, whether it had occurred before transplantation. To determine the occurrence time
of VF, prospective studies with long-term follow-up with a routine evaluation of spine X-rays at regular
intervals before and after transplantation are needed.

In this study, a high vertebral fracture prevalence was found regardless of osteoporosis and CRF duration.
Vertebral fractures were observed more frequently in patients with normal BMD. Besides the BMD evalua-
tion, vertebral fracture evaluation may help a proper therapy decision for metabolic bone disease in kidney
transplant recipients.
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Table 1 Clinical, laboratory parameters and vertebral fractures of the patients according to bone mineral
density

Osteoporosis Normal BMD

All n=264 n=>53 Osteopenia n=94 n=117 p
Age (yrs) 45.3+13 48.0+15.4 54.447.0 40.2£11.3 <0.001
Sex (F/M) 124/140 24/39 27/32 73/69 0.200
The duration 13.0+7.4 11.946.3 13.6+6.8 12.848.1 0.400
of CRF (yrs)
The duration 4.4+4.1 4.7+4.4 5.3+4.6 3.8+3.6 0.190
of
hemodialysis
(yrs)
Time from 6.7+4.8 5.8+4.6 6.913.8 7.04+5.3 0.170
renal trans-
plantation
(yrs)
BMI (kg/m?) 2745.8 25.1+£5.1 28.14+4.9 27.246.0 0.100
Creatinine, 1.3240.81 1.3040.52 1.37+1.13 1.3040.75 0.300
mg/dL
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Osteoporosis Normal BMD

All n=264 n=>53 Osteopenia n=94 n=117 p
Calcium, mg/ 9.84+0.6 9.70+0.52 9.80+0.82 9.80+0.68 0.300
dL
Phosphorous, 3.1+0.7 3.06+0.68 3.15+0.83 3.10£0.70 0.600
mg/dL
PTH, ng/L 126.5+184 104.9£71.7 127.0£118.4 115.8£164.0 0.290
25-OH vitamin 20.8+11.5 20.5+9.5 20.7+9.7 20.94+12.3 0.300
D, g /L
Femoral neck 0.855+0.158 0.751£0.145 0.8044-0.083 0.94140.132 <0.001
BMD, gr/cm?
Femoral neck -0.693+1.196 -1.47241.045 -0.874+0.636 -0.27941.262 <0.001
7 score
Femoral neck -1.1984+1.161 -2.2234+1.111 -1.645+0.527 -0.539+0.948 <0.001
T score
Lumbar spine 1.036+0.196 0.905+0.196 1.019£0.169 0.17140.015 <0.001
BMD, gr/cm?
Lumbar spine -0.810+1.348 -1.770+1.316 -0.793+1.272 -0.365+1.157 <0.001
7 score
Lumbar spine -1.021£1.502 -1.426+1.520 -1.355+1.527 -0.691£1.414 <0.001
T score

Values were reported as mean=+standard deviation

BMA, Bove pvepal devorrhp- BMI, Bodp paos woe&: Aoy, (8.8-10.6 uy/6A)- PP, snpovis peval pailvpe:
D, pepale: M, pade: IITH, mapatnopuove (15-65 vy/A)- IInoornopovs, (2.4-4.4 py/ 6A)- 25 (OH) rwapuv A,
30-100 py /A XA, otardapd dewatiov

Table 2 Clinical, laboratory parameters and bone mineral density results of the kidney transplant patients
according to the presence of vertebral fractures on lateral chest and lumbar radiographs

Vertebral fractures +

Vertebral fractures -

n=114 n=88 P
Age (years) 46.8+11.4 41.7£11.9 0.012
Sex (F/M) 51/63 43/45 0.542
The duration of CRF 14.0+8.4 12.847.3 0.442
(yrs)
The duration of 4.9+4.4 4.3+3.9 0.390
hemodialysis (yrs)
Time from renal 7.245.4 6.7t4.4 0.670
transplantation (yrs)
BMI (kg/m?) 26.6+5.0 26.9+6.1 0.918
FPG (mg/dl) 103.6434.3 99.729.8 0.437
HbAlc (%) 5.841.0 5.841.1 0.304
Creatinine, mg/dL 1.3£1.0 1.240.5 0.408
Calcium, mg/ dL 9.840.6 9.8+0.6 0.976
Phosphorous, mg/dL 3.3+0.8 3.0+0.6 0.027
PTH, ng/L 106.6+£83.4 104.4478.9 0.896
25-OH vitamin D, yg 21.1£12.8 20.7£11.7 0.966

/L
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Vertebral fractures +

Vertebral fractures -

n=114 n=88 P

Femoral neck BMD, 0.845+0.133 0.866+0.182 0.319
gr/cm?

Femoral neck Z score -0.784+£1.425 -0.699+£1.115 0.818
Femoral neck T score -1.349+0.975 -1.142+1.207 0.271
Lumbar spine BMD, 1.03940.179 1.033+0.205 0.985
gr/cm?

Lumbar spine Z score -0.750£1.316 -0.854+1.421 0.904
Lumbar spine T score -1.023£1.424 23 (20.1) -1.056+£1.535 14 (15.9) 0.944 0.540

BMD evaluation
Osteoporosis (n, %)
Osteopenia (n, %)
Normal (n, %)
Vertebral fracture
grade (n, %)

45 (39.5) 46 (40.3)

32 (36.4) 42 (47.7)

Grade 1 53 (46.4%)
Grade 2 48 (42.1%) -
Grade 3 13(11.4%) -

Values were reported as mean=+standard deviation

BMA, Bove pwvepal devorryp: BMI, Body paos woe: irquy, (8.8-10.6 py/6A)- PP, snpovig pevad pailype:
QIIT, paotvy maoua yAvsooe: D, pepare M, uade: IITH, napatnoppove (15-65 vy/A)- IInoonnopous, (2.4-4.4

py/ 6A)- 25-OH wajuv A, 30-100 py /A XA, otavdapd Seatiov

Table 3 Correlation analysis

r P
Femoral neck BMD Age -0.21 <0.001
BMI 0.29 <0.001
Lumbar spine BMD 0.54 <0.001
Femoral neck Z score  BMI 0.19 0.002
Duration of CRF 0.12 0.070
Duration of hemodialysis 0.13  0.090
Lumbar spine BMD BMI 0.34 <0.001
Duration of CRF 0.22 <0.001
Lumbar spine Z score Age 0.11 <0.001
BMI 0.14 0.020
Duration of CRF 0.26 <0.001
PTH Creatinine 0.14 0.030
25-OH Vitamin D 0.27 0.005
Lumbar spine Z score -0.11  0.080

BMD, bone mineral density; BMI, body mass index; CRF, chronic renal failure; PTH, parathormone
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