Osteoporos Int (2007) 18:363-368
DOI 10.1007/s00198-006-0238-3

ORIGINAL ARTICLE

Failure of successful renal transplant to produce appropriate

levels of 1,25-dihydroxyvitamin D

M. Fleseriu - A. A. Licata

Received: 10 May 2006 / Accepted: 22 September 2006 / Published online: 24 October 2006
© International Osteoporosis Foundation and National Osteoporosis Foundation 2006

Abstract

Introduction Bone metabolism disturbances following renal
transplantation (RT) are complex and multifactorial in
origin. Abnormalities in 1,25-dihydroxyvitamin D levels
in RT patients under treatment at our Bone Center
prompted this retrospective study.

Methods Parameters of vitamin D metabolism were com-
pared in RT patients and a cohort of patients with primary
hyperparathyroidism (PHTP) who mimicked the hyper-
parathyroid state of the RT patients. Thirty-one RT
recipients (from 300 reviewed) matched our inclusion
criteria with a stable graft function for more than 1 year
and a glomerular filtration rate (GFR) >50 mL/min per
1.73 m* (Group A); these were compared with 42
consecutive patients with PHTP who had been referred to
the same Bone Center for treatment for over 1 month
(Group B). Statistical analysis included the chi-square or
Fisher’s exact tests for categorical data and the Wilcoxon
rank sum test for quantitative measures.

Results The mean (£SD) 1,25-dihydroxyvitamin D level
was significantly lower (p<0.001) in Group A patients
(29.8+16.2) than in Group B patients (70.2+25.9) despite
non-significant differences in the levels of parathyroid
hormone (PTH) (mean: 184.0 vs.101.1; p<0.29), phospho-
rus (mean: 3.2 vs. 3.1; p<0.3) and 1,25-vitamin D (mean:
19.5 vs. 25.2; p<0.06). Group A patients had lower levels
(»<0.05) of mean serum calcium and calculated GFR
(9.3 mg/dL, 65.7 mL/min) than Group B patients
(10.6 mg/dL, 97.6 mL/min). 1,25-Dihydroxyvitamin D
significantly correlated with calcium (p<0.001), 25-vitamin
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D (p<0.005) and GFR (p<0.001) in both groups, but there
was a notable lack of association between 1,25-
dihydroxyvitamin D and PTH (p<0.64) or phosphorus
(»<0.26) in Group A patients. In this group, 1,25-
dihydroxyvitamin D was not influenced by the type of
immunosuppresion regimen (p<0.06), use of biphosphonates
(»<0.73), presence of diabetes (p<0.59), menopause in
women (p<0.08), season (p<0.43) or race (p<0.31). Our
data indicate that 1,25-dihydroxyvitamin D metabolism
remains disturbed for a considerable time after successful
RT, with the result that the level of 1,25-dihydroxyvitamin D
in RT patients is lower despite physiological signals that
should stimulate its production. Our analysis of many
clinical variables was unable to elucidate the underlying
mechanism(s) for this disturbance.

Conclusion Successful RT may not produce appropriate
levels of 1,25-dihydroxyvitamin D commensurate to the
elevated levels of PTH. This abnormality along with
sustained hyperparathyroidism may contribute to bone loss
following transplantation.

Keywords 1,25 dihydroxyvitamin D -
Hyperparathyroidism - Physiology - Renal osteodystrophy -
Renal transplant

Introduction

Compared to other solid organ transplantation, renal
transplantation (RT) is characterized by renal osteodys-
trophy, a unique pre-transplantation bone disease that
includes osteitis fibrosa, osteomalacia, osteoporosis and,
less often, adynamic bone disease. Post-transplantation
bone disease is an extension of this state coupled with the
effects of anti-rejection drugs. In successful RT, the degree
of renal function recovery is usually incomplete. While the
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definition of optimal graft function is arbitrary, a creatinine
level of more than 1.5 mg/dL is considered to indicate renal
dysfunction [1]. Information is scarce about the recovery of
endocrine function, with some data showing a reversal of
hyperparathyroidism in 45% of the cases at 2 years [2] or in
just 46% of the cases even after 8 years [3].

Several other studies have shown that the levels of
parathyroid hormone (PTH) and osteocalcin generally
decrease after transplantation [3—7], while those of alkaline
phosphatase [8, 9] and urinary NTX [3] are unpredictable.
The levels of 1,25-dihydroxyvitamin D in patients following
RT have been found to be variable, with various studies
reporting increased [5], decreased [6] or normal [8, 9] levels.

How much of the exaggerated bone loss after the
transplant is due to 1,25-dihydroxyvitamin D is not
completely understood. Abnormalities in 1,25-
dihydroxyvitamin D levels in some RT patients seen at
our Bone Center prompted this study. We present our
retrospective cross-sectional analysis of 1,25-dihydroxyvi-
tamin D levels in two groups of patients — RT patients and
patients with primary hyperparathyroidism (PHTP) — and
present an analysis of several variables to try to explain the
discrepancy.

Methods

We retrospectively reviewed data from 300 patients who
received a renal transplant, ultimately choosing 31 patients
(Group A) that matched our inclusion criteria. These patients
had a serum creatinine<1.5 mg/dL, a GFR >50 mL/min per
1.73 m? and a stable graft function for more than 1 year; the
mean (£SD) length of time since the RT was 1.9£0.8 years.
This group of patients was compared with 42 patients with
primary hyperparathyroidism (Group B).

GFR was calculated using abbreviated the MDRD
(Modification of Diet in Renal Disease) equation: GFR (in
mL/min per 1.73 m?)=186.3 x PCr [exp(—1.154)]xAge
[exp(—0.203)]%(0.742 if female)x (1.21 if black) where exp
is the exponential [10]. The study was approved by the
Institutional Board of the Bone Center.

Serum calcium, creatinine and urinary calcium were
measured by autoanalyzer, PTH was measured by chemi-
luminescence immunoassay (CLIA), 25-OH vitamin D by
chemiluminescence (CL), 1,25-dihydroxyvitamin D by
radioimmunoassay (RIA) and urinary NTx ((cross-linked
N-telopeptides of type I collagen) by enzyme immunoassay
(EIA). The PTH assay had a 6% inter-assay and 2% intra-
assay coefficient of variability (CV). The CV for 1,25-
dihydroxyvitamin D was 14.7-15.3% (intra-assay) and
9.5-11.0% ( inter-assay). Bone mineral density (BMD) was
measured by dual-energy X-ray absorptiometry (DXA) at
the lumbar spine and femoral neck with a Lunar Prodigy
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scanner DF 1003 (Lunar Corp; General Electric, Madison,
Wis.; CV: 3—4%).

Immunosupression therapy in Group A patients: four
different regimens The Group A patients received one
of four different immunosupression therapy regimen:
cyclosporine, tacrolimus and sirolimus (cyclt,s); predni-
sone, mycophenolate and sirolimus (p,m,s); prednisone,
mycophenolate and tacrolimus (p,m,t) and prednisone,
cyclosporine and tacrolimus (p,cycl,t), respectively. None
of the patients were treated with calcitriol.

Statistical analysis

1,25-Dihydroxyvitamin D was studied for any relationship to
categorical or quantitative variables. Categorical variables
were analyzed by the Kruskal-Wallis test and quantitative
variables by the Spearman correlation.

Results

Table 1 presents the clinical and socio-demographic
characteristics of the patients participating in this study.
The study was carried out at a mean 1.9+0.8 years after the
RT, with Group A patients being on dialysis prior to the RT
for a mean of 8.3+7.3 years. The clinical parameters of
Group A patients are shown in Table 2.

The mean (+SD) 1,25-dihydroxyvitamin D level was
significantly lower (p<0.001) in Group A (29.8+£16.2) than
in Group B patients (70.24+25.9) despite non-significant
differences in the mean levels of PTH (184.0 vs. 101.1;
p<0.29), phosphorus (3.2 vs. 3.1; p<0.3) and
25 hydroxyvitamin D (19.5 vs. 25.2; p<0.06). Group A
patients had lower levels of (»p<0.05) mean serum Ca and
calculated GFR (9.4 mg/dL; 65.7 mL/min) than Group B
patients (10.6 mg/dL, 97.6 mL/min) (Tables 1 and 3).

In Group A patients, the 1, 25-dihydroxyvitamin D
level was significantly correlated with the levels of
calcium (p<0.001), 25-hydroxyvitamin D (p<0.005) and
GFR (p<0.001), but not with PTH (»<0.640) or phosphorus
(p<0.26) (Table 4).

The level of 1,25-dihydroxyvitamin D in Group A
patients was not influenced by the type of immunosuppres-
sion regimen (p<0.06), use of bisphosphonates (p<0.73),
presence of diabetes (p<0.59), menopause in women
(»<0.08), season (p<0.43) or race (p<0.31). Turnover
markers of bone resorption as NTx (mean: 71.2 vs. 58.9;
p<0.98), lumbar T scores (mean: —1.4 vs. —1.2; p<0.95)
and hip T-scores (mean: —1.7 vs. —1.4; p<0.23) were
not significantly different in the two groups. Bisphosphonates
were used in both groups.
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Table 1 Characteristics of the study cohort

Table 3 Biochemical parameters of the patient cohort (Group A and B)

Patients Group A Group B p value
Number 31 42
Gender 0.036
Female 18 (58.1)* 34(81.0)
Male 13 (41.9) 8 (19.0)
Age (years; mean+SD) 53.55+ 57.95+ 0.11
11.45 15.09
Race 0.51
Asian 1(34) 0 (0)
African American 4 (13.8) 8 (20.0)
Caucasian 24 (82.8) 32 (80)
Season 0.45
Summer 20 (66.7) 24 (57.5)
Winter 11 (33.3) 16 (43.5)
Postmenopausal women 11 (64.7) 21 (63.6) 0.67
Diabetes 7 (22.6) 7 (17.5) 0.59
Hysterectomy or hormone 8 8 0.34
replacement therapy in
the past 10 years
Parathyroidectomy 2 (6.5) 0
(unsuccessful)
T score lumbar spine —1.48+0.9 -1.20+1.6 0.95
(mean=SD)
T score lumbar spine -1.71£0.9 —1.48+1.03 0.23
(mean £+ SD)
Table 2 Clinical characteristics of Group A patients
Clinical characteristics Values
Time on dialysis (years)® 8.3£73
Interval after RT (years)® 1.9+£0.9
Immunosupression®®
cycl,t,s 1(3.2)
p,m,s 22 (71.0)
p,m,t 6 (19.4)
p.cyclt 2 (6.5)
Bone treatment®
Risedronate; Calcium 15 (30.4)
Risedronate; Calcium; Ergocalciferol 1(4.3)
Calcium 3 (13.0)
Calcium; 25-hydroxycholecalciferol 3 (13.0)
Calcium; miacalcin 1(4.3)
25-hydroxycholecalciferol 1 (4.3)
Alendronate 1(4.3)
Alendronate; calcium 3 (13.0)
Alendronate; calcium; ergocalciferol 3 (13.1)

*Values are given as the mean + standard deviation

Laboratory values (normal) ~ Group A Group B p value
(mean+SD)  (mean+SD)

1,25 OH vitamin D 29.8+16.2 70.2+25.9 <0.001
(25.1-66.1 pg/mL)

GFR (mL/min) 64.6+16.0 97.6+44 <0.001
Calcium (8.5-10.5 9.3+1.3 10.6+0.5 <0.001
mg/dL)

PTH (10-60 pg/mL) 184+188.7 101.14£29.2  0.29
Phosphorous (2.5-4.5 32.8 3.1+£0.3 0.30
mg/dL)

25-hydroxyvitamin D 19.5+£9.9 25.2+11.7 0.06
(10-60 ng/mL)

NTx (14.4-75.0 nM 71.2+60.2 58.9+41.6 0.98
BCE/mM Creat)

Discussion

Several factors that are known to limit the chance of
complete osseous recovery in renal allograft recipients are
incomplete restoration of renal function or the development
of graft failure, continued hyperparathyroidism and chronic
administration of drugs that interact negatively with bone
metabolism. Our study suggests that vitamin D abnormal-
ities may also be a factor.

Even in the theoretical setting of a perfectly functioning
renal graft donated between monozygotic twins, the
reversibility of renal osteodystrophy is only partial [11]. A
recent study reports that bone histomorphometric dynamic
parameters became normal in less than 50% of any one
group of patients at 12 months post-RT [8].

Increased bone resorption driven by continued hyper-
parathyroidism limits recovery, but abnormalities in the
vitamin D level may play a heretofore unrecognized effect
independent of PTH. In chronic renal failure, the impair-
ment of renal 1,25-dihydroxyvitamin D production is an
important player in the initial sequence of events leading
to secondary hyperparathyroidism (absence of negative
feedback loop) [12, 13]. This failure to produce enough
biologically active vitamin D following RT could prevent

bcycl,t,s, Cyclosporine, tacrolimus and sirolimus; p,m,s, prednisone,
mycophenolate and sirolimus; p,m,t-prednisone, mycophenolate and
tacrolimus; p,cycl,t-prednisone, cyclosporine and tacrolimus

©The parameters of immunosupression and bone treatment are given
as the number of patients. The value in parenthesis is the percentage

the resolution of the hyperparathyroidism [6]. Several

Table 4 1,25-dihydroxyvitamin D correlations in Group A
Coefficient of correlation (R) p value

Calcium 0.628 <0.001

Serum creatinine —0.547 <0.001

GFR 0.513 <0.001

PTH —0.055 0.64

Phosphorus 0.135 0.26

T score lumbar spine 0.042 0.75

T score femoral neck 0.1 0.45
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hypotheses have been proposed to explain post-RT
dysfunctional vitamin D metabolism. These include an
increased level of circulating fibroblastic growth factor-23
(FGF-23), which has been found to have an impact on the
renal synthesis of 1,25-dihydroxyvitamin D with the
progression to chronic renal failure [14]. 1,25-
Dihydroxyvitamin D levels were lower in RT patients
despite the presence of high circulating levels of its
physiological stimulator PTH, which were comparable to
the levels seen in PHPT patients (p<0.001). The statistical
significance persisted even all other factors had been adjusted.

We know that there are discrepancies between the
measurements of PTH using a bio-intact assay and the
usual common intact PTH assay as the latter will pick up
not only 1-84 PTH, but also 7-84 fragments [15].
Diagnostic information on parathyroid activity provided
by common PTH or bio-intact PTH may differ in individual
patients. It is conceivable that in using bio-intact PTH as an
indicator we would have marginally lower levels of PTH in
the transplant group but a higher common intact assay
(more fragment 7-84 due to lower GFR). However, it has to
be recognized that a bio-intact PTH will produce lower
values in the HPT group, so that proportionately, we may
see the same results.

The data on 1,25-dihydroxyvitamin D levels in patients
following RT are contradictory, with published values
ranging from very low (0.01 pg/mL) to very high
(105 pg/mL) [16-20]. Some authors have suggested that
the 1,25-dihydroxyvitamin D level is normal several weeks
after transplantation [9, 19], while others have found low
levels of 1,25-dihydroxyvitamin D in 78% of the patients at
30 days post-RT [16, 17]. Tubular necrosis and high doses
of cytotoxic drugs were implicated in low calcitriol levels
the first several weeks after RT [6, 17]. This hypothesis
does not fit our case, where the median interval after RT
was 2 years.

Researchers carrying out a long-term study reported that
successful RT restored the capacity to synthesize active
vitamin D after 1-131 months (mean+SD: 23+23 months)
albeit to lower levels than those found in normal healthy
subjects [20]. These values were highly correlated (p value
<0.001) with GFR, as also found in our patients. On
the other hand, a prospective study demonstrated that
1,25-dihydroxyvitamin D levels remained below the
normal range in one half of the patients, even at 6 months
post-RT, and did not correlate with PTH but did
significantly correlate with GFR, as in our patients [6].

It has been suggested that lower levels of 1,25-
dihydroxyvitamin D could be related to the steroid dose.
This was not confirmed in our study because all of the
participants received the same cumulative steroid dose per
protocol. However, there was no significant relationship
between 1,25-dihydroxyvitamin D and any one of the

@ Springer

immunosupression regimens. Interestingly, the one patient
in our study on a steroid-free regimen had a 1,25-
dihydroxyvitamin D level that fell in the lower tertile.

One could assume that the lower 1,25-dihydro-
xyvitamin D level could be due to low levels of precursor
or enzymatic deficiency. In our data, serum 25-
hydroxyvitamin D levels tended to be lower( p<0.06) in
RT patients than in the controls (PHPT), which is in
agreement with their results from other studies [18], but the
statistical difference in 1,25- dihydroxyvitamin D levels in
the two groups persisted even after we had adjusted for
25-hydroxyvitamin D levels.

A deficit in 1 alpha hydroxylase (reduction in synthesis,
activity or relative resistance to PTH) could cause low
levels of 1,25-dihydroxyvitamin D (effects of steroids,
ischemic damage or suboptimal graft function) [6]. Inter-
estingly, three patients using cyclosporine, a known
stimulator of this enzyme [21], had levels of 1,25-
dihydroxyvitamin D that fell in the lower tertile.

Finally, the lower levels of 1,25-dihydroxyvitamin D
could be due to its increased catabolism. Further studies
will be required to address these possibilities.

In our patient cohort, menopause appeared to be a
possible factor in the decline of 1,25-dihydroxyvitamin D
levels (the relationship almost reached statistical signifi-
cance). Although the reason for this is unclear, animal
models (chicks) have shown that acute administration of
estrogens increases renal 1 alpha hydroxylase activity and
vitamin levels up to 25-fold, perhaps through an indirect
effect of estradiol [22]. Moreover, serum 1,25-
dihydroxyvitamin D levels were found to increase in
postmenopausal women after treatment with estrogen [23],
hence our findings. Interestingly enough, estrogen replace-
ment may not protect the patient from bone loss after RT
[24]. Tt is unclear how beneficial vitamin D may be for
these patients. The latest Cochrane Database Systematic
Review (2005) of trials reporting the use of bisphospho-
nates, vitamin D analogues, calcitonin and hormone
replacement therapy to treat bone disease following renal
engraftment did not find any benefit from any of these
interventions in reducing the fracture risk [25].

Accelerated bone loss is a well-recognized complication
after cardiac transplantation. In clinical studies, the admin-
istration of low-dose calcitriol has not been shown to have
any significant extra benefit with respect to bone mineral
density (BMD) and fracture rate in the long-term period
after heart transplant [26].

Overall, a review of the literature on the benefits of
vitamin D supplementation on bone after RT reveals
contradictory results. The treatment of 111 patients with a
low dose (0.25 pg) of calcitriol and 1000 mg elemental
calcium was reported to partially prevent bone loss at the
lumbar spine and proximal femur during the first
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6 months after RT, and protection at the proximal femur
was seen with use of calcium supplements for 1 year
plus intermittent calcitriol for the first 3 months [27].
Conversely, a controlled study using calcium and a monthly
dose of 25,000 IU of vitamin D3 for 12 months versus just
calcium showed that the addition of vitamin D to the
treatment regime normalized PTH but did not prevent bone
loss in the lumbar spine in RT patients on low-dose steroids
[28]. In addition, the prophylactic administration of
vitamin D and calcium was not sufficient to prevent the
progression of osteopathy after RT, and changes in bone
density were more affected by graft function [29].

One explanation for these different results in BMD
response to calcium or vitamin D in RT patients could be
related to the vitamin D receptor (VDR) genotype. The
VDR genotype polymorphism affects the bone density of
renal transplant recipients via its effects on the severity
of SHPT (secondary hyperparathyroidism). The preva-
lence of the VDR polymorphism is higher in patients
with sporadic PHPT [30], with SHPT as a result of chronic
kidney disease and in RT patients.

In a study on 75 RT patients, mean PTH levels were
higher in these patients than in the normal population, [3] but
they were elevated only in the presence of the bb VDR
polymorphism. The BB VDR genotype, on the contrary,
was associated with almost normal PTH and the lowest
proportion of persisting hyperparathyroidism [4, 31-33]. It
has been suggested that a decreased transcriptional activity
or stability of the VDR mRNA in patients with the
bb aplotype could explain the decreased effects of calcitriol
on the parathyroid gland [34]. A better understanding of
this mechanism would help identify patients in whom
calcitriol treatment may have a protective role on bone
density. Moreover, calcitriol therapy may have a beneficial
effect on graft survival in addition to its skeletal role [35, 36].

Conclusion

Abnormalities of bone metabolism are complex and multi-
factorial in patients who have had a RT. The successful RT
does not produce appropriate levels of 1,25-dihydro-
xyvitamin D. Patients with long-term RT and normal renal
function frequently present with increases in PTH but low
levels of 1,25-dihydroxyvitamin D. The levels of 1,25-
dihydroxyvitamin D in RT patients are lower despite the
physiological signals that should stimulate its production.
Although many clinical variables have been analyzed, the
underlying mechanism of this shortfall in 1,25-dihydroxyvi-
tamin level remains unclear. This abnormality along with
sustained hyperparathyroidism may contribute to bone loss
following transplantation.

Further studies will be required to address these
abnormalities, provide novel information on their patho-

physiology and devise ‘the best’ therapy to prevent bone
disease in patients following a kidney transplant.
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