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Abstract Background: Osteoporosis is increasingly rec-
ognized as a major source of morbidity following renal
transplantation. The aim of this cross-sectional study
was to determine the prevalence of osteoporosis in a
cohort of male transplant recipients and examine factors
that may influence their bone loss. Methods: Bone
mineral density (BMD) and biochemical markers of
bone metabolism were measured in 134 out of 154 male
renal allograft recipients in our center. Results: The
mean age of the patients was 49.7 years (range 26–76)
with a median of 6 years post-transplant. Only 17% had
normal BMD, 30% were osteoporotic at either hip or
spine, and this proportion rose to 41% if the ultradistal
radius was included. Parathyroid hormone (PTH) was
negatively correlated with BMD at all skeletal sites. In a
multiple regression model, independent predictors of
femoral neck BMD included body mass index
(p=0.004), diabetes (p=0.025), and PTH (p=0.049).
The only independent predictor of BMD at the ultra-
distal radius was PTH (p<0.001). Nineteen men sus-
tained a total of 25 appendicular fractures after
transplantation (median time to fracture was 3 years).
Prevalent vertebral fractures were only identified in five
men. PTH was elevated in 72.4% of patients (mean PTH
142 ± 118 pg/ml). Bone resorption markers were
increased in 48% of patients. PTH was positively

correlated with serum carboxyterminal telopeptide of
type 1 collagen (r=0.473, p<0.001) and procollagen
type 1 amino terminal propeptide (r=0.419, p<0.001).
Conclusions: Osteopenia and osteoporosis are common
in male transplant recipients, and the hip and radius are
the most severely affected sites. Elevated rates of bone
resorption driven by hyperparathyroidism appear to be
the most important contributing factor.
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Introduction

Chronic renal failure exposes patients to the adverse
skeletal consequences of perturbations in divalent ion
metabolism and vitamin D metabolism, and parathyroid
hyperplasia. Although a successful renal transplant may
correct many of these abnormalities, many patients
continue to have persistent hyperparathyroidism and
renal dysfunction, while other factors deleterious to
bone such as glucocorticoids or immunosuppressants
are introduced [1].

Osteoporosis after renal transplantation is well rec-
ognized. Rapid bone loss has been reported in the early
post-transplant period and during the 1st year, bone
mineral density (BMD) typically falls by 3–7% [2]. This
initial bone loss is primarily confined to trabecular bone
and is mainly attributed to corticosteroid use. Subse-
quently rates of bone loss appear to slow to 0–2% per
year [3] and these differences may reflect variations in the
type and severity of pretransplant renal osteodystrophy
and early post-transplant treatment.

Bone loss may predispose to fractures and preva-
lence rates of 11–19% have been reported, with much
higher rates of up to 45%, in patients with insulin-
dependent diabetes [4, 5, 6]. In our own recently
conducted cross-sectional study the prevalence of low
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trauma fractures after renal transplantation was 12%
[7]. In contrast to other solid organ recipients, frac-
tures in renal transplant recipients tend to occur in the
appendicular skeleton, with a low frequency of verte-
bral deformities [6, 8, 9].

A previous study in female transplant recipients
within our center identified osteoporosis at one or
more sites in 57% of patients [10]. The present cross-
sectional study extends this assessment to male trans-
plant recipients in order to determine the prevalence
of reduced bone mineral density, incidence of fracture,
and to identify possible causative factors, including the
role of hyperparathyroidism and increased bone
turnover.

Materials and methods

Patients

All 154 male patients who were more than 1-year post
renal transplantation were invited to take part. The local
hospital research ethics committee approved the study,
and all patients gave written informed consent. Demo-
graphic data was obtained by case note review. Infor-
mation collected included age, ethnicity, cause of renal
failure, presence of diabetes, previous parathyroidec-
tomy, duration of renal replacement therapy (dialysis
and transplantation), time since transplant, rejection
episodes, cumulative doses of immunosuppressive drugs,
and risk factors for osteoporosis.

Immunosuppressive regimes

Prior to 1986 the basic immunosuppressive regime was
prednisolone and azathioprine. Between 1986 and 1999,
most patients were treated with a triple regime of
cyclosporine, prednisolone, and azathioprine. Since 1999
high-risk patients (those with a second transplant, highly
sensitized recipients, or those with poorly matched
grafts) have received a tacrolimus-based triple regime.
Patients with chronic allograft nephropathy are con-
verted to mycophenolate mofetil followed by withdrawal
of calcineurin inhibitors.

Bone mineral density

Bone mineral density of the lumbar spine (L2–L4,
n=132) and left proximal femur (n=131) were mea-
sured by dual-energy X-ray absorptiometry (DXA)
using a Lunar Expert-XL densitometer (Lunar). In 111
patients, nondominant forearm bone mineral density
was measured at the distal one-third radius and ultra-
distal radius.

Results are expressed in g/cm2, T- and Z-scores
with osteopenia defined as a T-score between –1.0 and
–2.5 SD, and osteoporosis as a T-score below –2.5 SD.

Fractures

Fractures were identified through a structured self-
administered questionnaire and subsequently verified by
reference to medical notes and available radiology.
Lateral dorsal and lumbar spine morphometry was
assessed with the patient supine, using X-ray absorpti-
ometry. Anterior, middle, and posterior heights were
measured, and wedge (anterior/posterior) and midwedge
(middle/posterior) ratios were calculated. Scans were
assessed quantitatively, and a fracture defined as a 3 SD
or greater reduction in either wedge or midwedge ratio.
Scans were also reviewed qualitatively by the research
team.

Biochemistry and measure of renal function

Routine biochemistry was determined using standard
autoanalyzer techniques. Intact parathyroid hormone
(PTH) was measured using a chemiluminescent immu-
nometric assay on an automated analyzer (Immulite
2000; Diagnostics Products, Los Angeles, CA, USA)
and 25-hydroxyvitamin D using a manual radioimmu-
noassay kit (Diasonin, Stillwater, MN, USA).

Glomerular filtration rate (GFR) was calculated
using a validated Modification of Diet in Renal Disease
Study (MDRD) formula that uses the serum creatinine,
urea, albumin, patient age, race, and gender [11].

Biochemical markers of bone formation and resorption

Bone turnover was measured in 113 patients. To stan-
dardize collection, serum samples were taken after an
overnight fast and either analyzed on the same day or
frozen at –70�C for later analysis. Bone formation was
assessed by measuring serum procollagen type 1 amino
terminal propeptide (P1NP), using a radioimmunoassay
method (Orion Diagnostica, Espoo, Finland). Bone
resorption was assessed by measuring serum carboxy-
terminal telopeptide of type 1 collagen (S-CTX), using
an automated chemiluminescent assay (Roche Diag-
nostics, Munnheum, Germany).

Analysis of outcome measures

Patient characteristics and treatment factors were those
present at the date of BMD measurement. Data analysis
was performed using Statistical Package for the Social
Sciences 11.0 for Windows (Chicago, IL, USA). Results
are expressed as means ± SD, and as median and
interquartile range (IR) where appropriate. Variables
that were not normally distributed were log-transformed
prior to further analysis. Group means were compared
using Student’s t-test or one-way analysis of variance
(ANOVA). ANOVA post hoc testing was carried out
using the least-significant difference. Chi-square test was
used to compare proportions. Variables were compared
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using Pearson product moment correlation analysis. To
correct for colinearity with other quantitative variables,
partial correlation analysis was used.

Multiple linear regression was used to examine the
relationship between BMD and all potential confound-
ing variables. Probability values of <0.05 were con-
sidered to be significant.

Results

Patient demographics

Of the 154 patients in our male transplant population,
134 (87%) agreed to participate (mean age 49.7 years,
range 26–76). Ninety-six percent were white Europeans.
Primary renal diseases included glomerulonephritis
(26.3%), polycystic kidney disease (9.7%), reflux
nephropathy (9.7%), renovascular disease (7.7%),
diabetic nephropathy (3.8%), vasculitis (2.2%), other
causes (18.8%), and unknown cause (21.8%). The med-
ian time after transplant was 72.4 months. Patients were
divided into three groups according to duration of trans-
plant, namely: group 1, less than 5 years (median time
post-transplant 33.7 months, IR=15.8–48.5 months),
group 2, 5–10 years (median time post-transplant
86.2 months, IR=72.6–99.9 months), and group 3, more
than 10 years (median time post-transplant
159.5 months, IR=142.5–199.3 months). Additional
demographic details are shown in Table 1.

Immunosuppression

Patients were on a variety of immunosuppressive ther-
apy regimes reflecting the changing patterns of immu-
nosuppressive use with time. The majority were taking a
cyclosporine-based triple regime. At the time of the

study, 125 (93%) remained on prednisolone, 117 (87%)
were taking cyclosporine, 109 (81%) azathioprine, and a
smaller number, mycophenolate mofetil (n=17, 13%)
and tacrolimus (n=14, 10%).

Bone mineral density data

Mean BMD at the femoral neck, lumbar spine, and
radius are shown in Table 2. The prevalence of osteo-
porosis was 24% at the femoral neck, 23% at the ul-
tradistal radius, 17% at the lumbar spine, and 13% at
the distal one-third radius. Only 17% of men had a
normal BMD, 30% were osteoporotic at either femoral
neck or lumbar spine, rising to 41% if the forearm sites
were included.

Bone mineral density data categorized according to
time following transplantation is illustrated in Table 2.
The prevalence of femoral neck osteoporosis within the
first 5 years following transplantation was 22%, rising
to 33% 5–10 years following transplantation, and falling
to 18% in those transplanted over 10 years previously
(v-square 1.16, p=0.56).

In a univariate analysis of the predictors of BMD
(data not shown) there was a negative correlation with
PTH at all sites. At the femoral neck there were addi-
tional correlations with BMI, time on dialysis, and the
presence of diabetes. Ultradistal radius BMD correlated
with S-CTX, serum P1NP, and BMI, and distal one-
third radius with serum P1NP, corrected calcium, BMI,
time on dialysis, and the presence of diabetes.

In an attempt to determine the predictive value of the
independent variables identified in the univariate anal-
ysis, a multiple linear regression model was constructed
(Table 3). Using femoral neck BMD as the dependent
variable and adjusting for age (the predominant con-
founder of BMD), BMI (p=0.004), diabetes (p=0.025),
and PTH (p=0.049) produced the best model, however
this only explained 16% of the variance (R2=0.16,

Table 1 Demographic data for 134 male renal transplant patients. Mean (SD), median (IR), or percentage

Patient characteristics Whole group Group 1 (transplant
time <5 years)

Group 2 (transplant
time 5–10 years)

Group 3 (transplant
time >10 years)

(n=60) (n=31) (n=43)

Age, years 49.7 (11.8) 50.5 (12.9) 49.7 (11.9) 48.5 (12.0)
Body mass index, kg/m2 26.1 (4.1) 26.5 (4.1) 24.6 (3.0) 26.6 (4.5)
Time on dialysis, months, n=116a 20.3 (10.3–38.3) 24.2 (12.8–43.3) 22.6 (8.7–44.4) 17.8 (8.4–26.5)
Current corticosteroid use (%) 93 92 94 95
Cumulative dose of prednisolone (g) 24.3 (10.4–43.1) 10.2 (6.4–18.2) 29.8 (24.8–34.4)b,d 56.5 (42.5–68.7)b,c

Average daily prednisolone dose (mg) 4.8 (2.1) 5.8 (2.6) 4.0 (0.7)b 3.9 (0.7)b

Average daily cyclosporine dose (mg) 428 (336) 501 (270) 372 (149) 339 (527)
MDRD GFR ml/min 41.2 (15.7) 40.9 (11.9) 41.5 (16.8) 41.4 (19.5)
Patients ‡ one rejection episode (%) 54 42e 55e 70e

Serum creatinine (lmol/l) 159 (132–207) 154 (139–198) 168 (123–212) 156 (132–229)
Diabetes mellitus (type 1 or 2) (%) 9 8.3 12.9 7
Corticosteroid use prior to transplant (%) 12.7 13.3 12.9 11.6
Parathyroidectomy (%) 6.7 8.3 3.2 7

a16 patients received transplants before dialysis
bp<0.05, compared to group 1
cp<0.05, compared to group 2

dp<0.05, compared to group 3
ep<0.05, (v-square test)
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p<0.001). At the distal one-third radius PTH (p=0.015)
and BMI (p=0.001) were significant independent pre-
dictors (R2=0.17). Analysis of the ultradistal radius
only identified PTH as a significant independent pre-
dictor (R2=0.13, p<0.001). We were unable to detect an
effect of either cumulative prednisolone or calcineurin
dose on BMD at any site.

Fracture data

There were no self-reported spinal fractures. Spinal
MXA identified prevalent vertebral fractures in five
(3.8%) men. Nineteen men had a total of 25 fractures
after transplantation; hip (n=2), pelvis (n=1) limbs
(n=9) others (n=7). The fracture incidence rate was 27
fractures per 1,000 post-transplant years. Median time
to fracture was 3 years, but there was a wide range (0.5
to 15 years).

Men with a post-transplant fracture had significantly
lower Z-scores at all skeletal sites (Fig. 1). There was no
influence by age, presence of diabetes, BMI, duration of
dialysis or transplantation, cumulative or average daily
steroid dose, PTH or bone turnover markers.

Calcium homeostasis

Serum calcium was above the upper limit of normal in
32% of men, and 24% were moderately hypercalcemic
(‡2.65 mmol/l). Of those with hypercalcemia, serum
calcium was elevated at the time of transplantation in
18%. Hypercalcemic men were significantly older
(54.4 ± 10.8 vs 47.4 ± 12.0 years; p=0.001) with a
higher PTH (160 ± 146 pg/ml vs 131 ± 116 pg/ml;
p=0.22) compared with normocalcemic men. Mean

serum calcium did not change with time since trans-
plant.

Twenty-two percent of men were vitamin D deficient
(serum 25-hydroxyvitamin D level <30 nmol/l) and had
a higher PTH (mean = 185 ± 134 pg/ml vs
124 ± 105 pg/ml; p=0.035) compared with those who
were vitamin D replete, but had similar levels of calcium,
phosphate, and alkaline phosphatase.

Only 27.6% of men had a normal PTH. In con-
trast, 29.1% had a PTH greater than twice the upper
limit of normal. Nine patients had undergone a
parathyroidectomy and were excluded from sub-
sequent analysis. PTH was significantly higher in the
5–10-year group compared with the group <5 years
post-transplant (195 ± 149 pg/ml vs 110 ± 48 pg/ml;
p=0.003), but without any significant differences in
calcium, phosphate, alkaline phosphatase or 25-OH
vitamin D concentration (Table 4). Significant corre-
lations were found between PTH and GFR
(r=)0.233, p=0.009), serum 25-hydroxyvitamin D
(r=)0.228, p=0.017), time on dialysis (r=0.206;
p=0.031), and serum phosphate (r=0.173, p=0.046).
After controlling for GFR, the correlations with ser-
um 25-hydroxyvitamin D (r=)0.234, p=0.016) and

Table 2 Mean ± SD values for

bone mineral density (BMD) at
each site expressed as absolute
values (g/cm2), T- and Z-score
for groups by time after
transplantation. There were no
significant differences between
groups for BMD at any skeletal
site

BMD site Whole group Group 1
(<5 years)

Group 2
(5–10 years)

Group 3
(>10 years)

Lumbar spine 1.13±0.21 1.15±0.18 1.08±0.20 1.16±0.23
T-Score )0.88±1.71 )0.79±1.55 )1.32±1.69 )0.67±1.9
T-Score below )2.5, n (%) 21 (17) 7 (13) 9 (31) 5 (13)
Z-Score )0.72±1.72 )0.62±1.57 )1.09±1.66 )0.58±1.95
Z-Score below )1, n (%) 63 (51) 26 (48) 16 (55) 21 (53)

Femoral neck 0.87±0.14 0.89±0.14 0.82±0.15 0.87±0.14
T-Score )1.43±1.35 )1.31±1.36 )1.84±1.27 )1.30±1.37
T-Score below )2.5, n (%) 29 (24) 12 (22) 10 (33) 7 (18)
Z-Score )0.90±1.25 )0.69±1.18 )1.35±1.40 )0.83±1.18
Z-Score below )1, n (%) 62 (50) 24 (44) 18 (60) 20 (51)

Ultradistal radius 0.37±0.06 0.37±0.06 0.35±0.06 0.38±0.07
T-Score )1.29±1.51 )1.20±1.37 )1.74±1.49 )1.09±1.70
T-Score below )2.5, n (%) 24 (23) 9 (19) 9 (36) 6 (18)
Z-Score )1.11±1.53 )0.96±1.36 )1.56±1.54 )0.99±1.74
Z-Score below )1, n (%) 57 (54) 26 (54) 16 (64) 15 (46)

Distal one-third radius 0.72±0.10 0.74±0.09 0.69±0.12 0.72±0.09
T-Score )1.02±1.27 )0.85±1.25 )1.40±1.50 )0.99±1.07
T-Score below )2.5, n (%) 14 (13) 5 (10) 6 (24) 3 (9)
Z-Score )0.84±1.28 )0.62±1.25 )1.21±1.51 )0.88±1.08
Z-Score below )1, n (%) 18 (38) 18 (38) 14 (56) 15 (46)

Table 3 Multiple linear regression analysis to describe the relation
between femoral neck and radius BMD (g/cm2) and their deter-
minants: standardized coefficients (b)

Femoral
neck

Distal one-third
radius

Ultra-distal
radius

PTH )0.17* )0.23* )0.36***
BMI 0.25* 0.31***
Presence or absence
of diabetes

0.20*

*p<0.05; ***p<0.001
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time on dialysis (r=0.212; p=0.029) persisted. No
significant correlation between PTH and age, cumu-
lative corticosteroid dose and time after transplanta-
tion was found.

Biochemical markers of bone turnover

Bone resorption as measured by S-CTX was elevated in
47.7% of men. P1NP was less frequently elevated
(19.6%) and a small group (5.6%) had low values. Time
after transplantation did not affect bone turnover
markers (Table 4). Serum CTX was correlated with age
(r=)0.371, p<0.001), GFR (r=)0.323, p=0.001), ser-
um phosphate (r=0.205, p=0.029), serum 25-hydrox-
yvitamin D (r=)0.231, p=0.017), PTH (r=0.473,
p<0.0001), and P1NP (r=0.775, p<0.001). After con-
trolling for age and GFR, significant correlations re-
mained with serum 25-hydroxyvitamin D (r=)0.214,
p=0.032), PTH (r=0.471, p=0.0001), and P1NP
(r=0.84, p=0.001).

Serum P1NP was correlated with age (r=)0.253,
p=0.009), serum 25-hydroxyvitamin D (r=)0.204,
p=0.036), PTH (r=0.419, p<0.0001), and CTX

(r=0.775, p<0.001). After controlling for age, the cor-
relation with vitamin D was lost. The correlations with
PTH and serum CTX persisted (r=0.4436, p=0.0001
and r=0.808, p=0.0001 respectively).

Discussion

In this study of male transplant recipients the majority
(83%) had some reduction in BMD and 41% were
osteoporotic at one or more sites. The overall reduction
in BMD was approximately 1 SD and emphasizes that
bone loss is not just restricted to female transplant
recipients; this is consistent with previous data. In con-
trast to other studies showing an early bone loss fol-
lowing transplantation with subsequent stabilization or
recovery of BMD, we found the lowest BMD measure-
ments in the group 5–10 years after transplantation
where the mean T-score was on average 0.5 SD units
lower than the other groups at all skeletal sites. There is
a site-specific pattern to the bone loss with the femoral
neck and radius more severely affected than the spine.
Our results indicate a significant reduction in BMD at
both trabecular and cortical sites. The disparity between

Table 4 Mean ± SD values for
PTH and bone biochemistry
for groups by time after
transplantation

ap<0.05 compared to group 1
bp<0.05 compared to group 2
cp<0.05 compared to group 3

Group 1
(<5 years)

Group 2
(5–10 years)

Group 3
(>10 years)

Parathyroid hormone (pg/ml) 110±48 195±149a,c 133±137b

Hyperparathyroid (%) 78% 80% 60%
Corrected calcium (mmol/l) 2.56±0.15 2.59±0.16 2.55±0.13
Total alkaline phosphatase (U/l) 192±83 186±86 176±78
Phosphate (mmol/l) 0.98±0.24 0.90±0.28 1.01±0.27
25-Hydroxyvitamin D (nmol/l) 46±22 40±19 45±21
Vitamin D deficient (%) 23 27 26
S-CTX (lg/l) 0.65±0.43 0.77±0.52 0.57±0.48
P1NP (ng/l) 61±35 74±51 54±43

Fig. 1 BMD Z-scores
(mean ± SE) according to
post-transplant fracture status
(empty bars represent data for
nonfracture patients; Np<0.05)
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the BMD measurements at the spine and ultradistal
radius (both sites rich in trabecular bone) is likely to be
due to an artifactual elevation in lumbar spine BMD.
Measurement of lumbar spine BMD in patients with
renal disease is prone to error due to the presence of
vertebral osteosclerosis and aortic vascular calcification.

Overall, 14% of men sustained a fracture following
transplantation. While many of these were in the
peripheral skeleton, there were two hip and one pelvis
fracture. The morbidity associated with even relatively
minor fractures in the appendicular skeleton can be
considerable in renal transplant recipients. We found a
very low prevalence of spinal fractures. This is in keep-
ing with previous studies [5, 6], but contrasts sharply
with the pattern seen in other solid organ transplants.
While many of the fractures occurred early after trans-
plantation (median time 3 years), the range was wide
and late fractures did occur. Attention is often focused
on bone protection in the early post-transplant period,
our data emphasizes the need for continued vigilance
and ongoing evaluation of these patients for post-
transplant bone disease.

The mechanisms underlying post-transplant bone
disease are complex and potentially difficult to elucidate.
A number of studies have identified corticosteroid dose
and time since transplantation as significant independent
risk factors for osteoporosis. However, in transplant
centers that do not operate a steroid withdrawal policy
these two variables are highly correlated and can be
considered as a single time dependent variable. In this
study we were unable to demonstrate any effect of either
cumulative corticosteroid dose or time since transplan-
tation on BMD. Animal models have suggested that
both cyclosporine and tacrolimus induce a high bone
turnover state [1], and some human studies have impli-
cated immunosuppressive medication in the pathogene-
sis of post-transplant osteopenia. We were unable to
demonstrate any effect of cumulative doses of calcineu-
rin inhibitors on BMD, although this may in part be due
to the cross-sectional design of the study and the cock-
tail of immunosuppressive therapy the patients were
prescribed.

Another important cause of reduced BMD is persis-
tent hyperparathyroidism. Data from our own center
has shown that 52.6% of long-term female post-trans-
plant patients had histomorphometric evidence of hy-
perparathyroid bone disease [10]. Preexisting
hyperparathyroidism has been identified as a factor
influencing bone loss both in the early post-transplant
period [12, 13] and in long-term transplant recipients [14,
15]. We found high levels of PTH in 72.4% of our pa-
tients, and a similar prevalence (81%) has been recently
reported by Cayco et al. [16]. Cruz et al. reported an
increased rate of bone loss in kidney transplant patients
with elevated bone turnover [17], but they were unable
to demonstrate a correlation between PTH and either
BMD or bone resorption (urine pyridinoline and serum
deoxypyridinoline). Our data shows a good correlation
between PTH and both S-CTX and P1NP, which also

strongly correlated with each other. Bone resorption
markers were elevated in 48% of our patients, and bone
formation markers increased in 20%. While this may
reflect a reduced sensitivity of P1NP to detect an in-
crease in bone turnover we suspect it is a result of
uncoupling of bone formation and resorption. We pos-
tulate that this uncoupling is related to corticosteroid
treatment, which is known to impair bone formation.
Our data support the hypothesis that hyperparathy-
roidism contributes to a high bone turnover state
resulting in ongoing bone loss particularly at peripheral
sites. The combination of a corticosteroid-induced
reduction in bone formation and an increase in bone
resorption driven by hyperparathyroidism could pro-
duce a state of highly disorganized bone turnover that
may adversely affect both bone density and bone qual-
ity.

Secondary hyperparathyroidism is a well-recognised
and significant problem among dialysis patients, and
although PTH often decreases following a successful
renal transplant it may well remain elevated in those
with severe pretransplantation hyperparathyroidism
[15]. The important influence of preexisting hyperpara-
thyroidism is consistent with the correlation between
PTH and time on dialysis. PTH rises early in chronic
renal failure (when creatinine clearance falls below
70 ml/min) and in the present study correlated with
GFR, suggesting that the parathyroid hyperplasia is in
part a consequence of mild to moderate post-transplant
chronic renal failure. A fifth of our patients were vitamin
D deficient probably due to reduced sun exposure (as a
result of the higher latitude and concerns about skin
malignancy after transplantation), and this will also
contribute to hyperparathyroidism.

Pretransplant renal osteodystrophy may also reduce
bone mineral density, and such patients show a PTH-
independent decline in BMD as renal function worsens
[18]. Patients on dialysis show an increased prevalence of
osteopenia and our own cross-sectional study of he-
modialysis patients identified femoral neck osteopenia in
48.9% and osteoporosis in 19.3% [19]. However, those
patients were, on average, 10 years older than the cur-
rent cohort in whom GFR did not correlate with BMD.

Bivariate analysis identified a number of other factors
that appeared to influence BMD. Low body mass index
is a well-known risk factor for osteoporosis in normal
populations with a positive correlation between weight
and BMD, so a similar association in the present study is
not surprising. Patients with diabetes had a significantly
lower BMD at the femoral neck (0.771 g/cm2 vs 0.890 g/
cm2; p=0.007), and other studies have shown that dia-
betes carries a particular risk of fractures, particularly at
appendicular sites.

We conclude that in this relatively young cohort of
men there is a high prevalence of reduced BMD (83%),
with the femoral neck and radius being most severely
affected. Increased bone resorption secondary to
hyperparathyroidism is an important factor in this loss
of bone. Therefore, the medical management of hyper-
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parathyroidism in patients with chronic kidney disease
on the transplant waiting list should be intensified.
Timely surgical intervention should be utilized in pa-
tients who do not respond to medical management be-
fore they are transplanted. The recent introduction of
calcimimetics offers a promising new therapy enabling
control of hyperparathyroidism without the complica-
tions of hypercalcemia and hyperphosphatemia which
often limit the use of vitamin D sterols in dialysis pa-
tients. Following transplantation, regular attention
should be paid to calcium, phosphate, and PTH.
Transplant recipients should be evaluated for 25-hy-
droxyvitamin D deficiency and have this treated with
parent vitamin D before resorting to the more potent
active vitamin D sterols. The use of active vitamin D
sterols in this group of patients is likely to be limited by
the relatively high prevalence of hypercalcemia and
concerns about aggravating vascular calcification. Sur-
gical parathyroidectomy is an additional option, al-
though not without its risks including deterioration in
graft function. The increasing evidence that a high
resorption state is important in the pathophysiology of
bone loss following renal transplantation provides a
strong rationale for the use of antiresorptive agents such
as bisphosphonates to treat this complication [20]. The
role of calcimimetics in this situation is unclear at
present, but worthy of further study.
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