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Abstract

Glucocorticoid (GC) therapy induces deleterious effects on the skeleton in kidney transplantation
but studies of GC discontinuation in this population are limited. This study evaluated changes in
areal bone mineral density (BMD) with GC withdrawal. Subjects were enrolled one yr after renal
transplantation and randomized to continue or stop prednisone; all subjects continued cyclosporine
and mycophenolate mofetil. BMD measured by dual-energy X-ray absorptiometry was performed
at enrollment and repeated at one yr and values were standardized. Mean + standard deviation of
annualized change in standardized BMD between GC withdrawal vs. continuation group at the
lumbar spine was +4.7% + 5.5 vs. + 0.9% + 5.3 (p = 0.0014); total hip +2.4% * 4.2 vs. —0.4%
+4.2 (p =0.013), and femoral neck +2.1% + 4.6 vs. +1.0% % 6.0 (p = 0.37). There was no
confounding by prednisone dose prior to enrollment, change in creatinine clearance, weight, or use
of bone-active medications following study entry. Multivariate analysis determined that the change
in BMD was positively associated with baseline alkaline phosphatase and creatinine clearance and
negatively associated with baseline BMD. BMD improves with GC withdrawal after renal
transplantation, and this gain in BMD is dependent on the baseline bone turnover, renal function,
and BMD.
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Glucocorticoid (GC) therapy results in deleterious effects on the skeleton (1, 2), leading to
decline in bone mineral density (BMD) (3), deterioration in trabecular bone
microarchitecture (4), and increased fracture risk (5, 6). GC-treated patients may fracture at
a higher bone density relative to those without GC therapy (7-10). GCs affect bone
metabolism through multiple mechanisms, the predominant of which acts to decrease bone
formation via decreasing osteoblast proliferation, function, and survival (11, 12). GCs also
reduce osteocyte viability (13), increase bone resorption via osteoclast activation (14),
diminish gastrointestinal calcium absorption (15), and decrease sex steroids (16, 17).
Additional mechanisms of increased urinary calcium and phosphorous excretion and
hyperparathyroidism have also been described (18, 19). Even at low doses, GCs are
associated with an increased risk for fracture (20).

Relative to the general population, fracture risk is estimated to be more than fourfold greater
in end-stage renal disease (21) and in renal transplantation. (22, 23) Hip fracture risk is one-
third greater during the first year following renal transplantation vs. continuing dialysis (24).
Risks for hip fracture include older age, female gender, Caucasian race, longer dialysis
duration, lower body mass index, and peripheral vascular disease (25) and type 1 diabetes
mellitus (26). The reader is referred to excellent reviews of post-renal transplantation
osteodystrophy (27-33).

GC therapy historically has been a main component of maintenance immunosuppression in
renal transplantation. After renal transplantation, patients taking GCs experience BMD
decreases by 4-9% at the lumbar spine and 5-8% at the hip (34-40). As immunosuppressive
regimens have evolved, high doses of GCs are given during the immediate post-transplant
period and weaned off within a few weeks (41). Although current immunosuppressive
regimens are GC-sparing, patients receiving a kidney transplant when GCs were typically
prescribed for chronic immunosuppression may continue on this treatment. There are limited
studies examining the effect of GC discontinuation on BMD in kidney transplant recipients
(42). We sought to evaluate this effect using data from a randomized clinical trial of GC
withdrawal in renal transplant recipients (43).

Patients and methods

This study is a retrospective medical records review in a completed, non-blinded,
randomized clinical trial of GC withdrawal vs. continuation (43). Subjects were adult renal
transplant recipients 6—36 months post-transplantation followed at Ohio State University
recruited from November 1997 to April 2002. For trial entry, subjects’ serum creatinine was
<2.5 mg/dL with no increase in serum creatinine >30% within the past three months prior to
enrollment, had no prior acute rejection episodes, and their urinary protein excretion was
<600 mg/24 h.
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Immunosuppression

All subjects were treated with prednisone (initially 2 mg/kg/d, decreased to 0.2 mg/kg/d at
one month, and lowered to 0.15 mg/kg/d at one yr after transplantation), microemulsion
cyclosporine (initially 5-6 mg/kg/d, starting 2-5 d after renal function was established, then
adjusted to obtain whole blood trough levels of >250 mg/dL during the first year and >150
ng/mL thereafter), and mycophenolate mofetil (MMF, 2 g daily). Mean cyclosporine and
MMF doses and cyclosporine trough levels were not different between groups at any time
point from study entry to 60 months (data not shown). The study was initially designed to
recruit 40 subjects from each of three groups (6-12, 12-18, and 18-36 months after
transplantation). However, there was difficulty with recruitment from the last group, and five
additional subjects were recruited from the 6-12 month post-transplantation. Sixty subjects
were randomized to continue and 60 to discontinue GC therapy. Soon after obtaining
consent, one subject was withdrawn because of proteinuria >600 mg/24 h and another
because of non-adherence to study procedures, leaving 118 subjects eligible for the current
analysis. All subjects continued cyclosporine and MMF. Subjects randomized to GC
withdrawal were instructed to lower prednisone by 2.5 mg and continue reducing by 2.5 mg
every two wk until discontinuation. One subject required a slower taper owing to symptoms
suggesting adrenal insufficiency. Informed consent was obtained, and the study was
conducted with institutional review board approval.

Data on bone-active medications such as bisphosphonate, calcitriol, estrogen, selective
estrogen receptor modulator, calcitonin, and cinacalcet at the time of enrollment and in
relation to dual-energy X-ray absorptiometry (DXA) scanning were captured. Cumulative
doses of prednisone therapy after transplantation were calculated. Serum and urine tests
were performed at clinical laboratories. Serum calcium concentration was corrected for the
prevailing albumin concentration using calcium + 0.8 x (4.0-albumin) (44). Creatinine
clearance was calculated with 24-h urinary collection of creatinine using the formula
(urinary creatinine [mg/dL]/serum creatinine [mg/dL]) x (urinary volume [mL]/1440) (45).

Areal BMD was measured using DXA scanning of anteroposterior lumbar spine (L1-L4),
total hip, and femoral neck. Clinical DXA scans were performed using various
manufacturers at various sites within and outside the medical center. As study participants
used different DXA manufacturers and BMD measurement by manufacturer are
systematically different, BMD was standardized as shown later. All BMD units are in g/cm?,
and all subsequent references to BMD denote standardized BMD.

Spine (46) Hologic  1.055 (BMD - 0.972) + 1.0436
Lunar 0.9683 (BMD - 1.100) + 1.0436
Norland  0.9743 (BMD - 0.969) + 1.0436
Total Hip (46) Hologic  0.006 + (1.008 x BMD)
Lunar  -0.031 + (0.979 x BMD)
Norland  0.026 + (1.012 x BMD)
Femoral Neck (47)  Hologic  0.019 + (1.087 x BMD)
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Lunar -0.023 + (0.939 x BMD)
Norland  0.006 + (0.985 x BMD)

Baseline BMD (DXA1) was measured at the time of study enrollment (6-36 months after
transplantation) and repeated after the first DXA approximately one yr later (DXAZ2). The
time interval from DXAL to DXAZ2 was slightly longer in the GC withdrawal vs. GC
continuation, 0.13 yr at the lumbar spine (p = 0.0001), 0.11 yr at the total hip (p = 0.0001),
and 0.14 yr at the femoral neck (p < 0.0001). To control for these intergroup difference (40—
50 d), change in BMD for each subject was annualized. Annualized percent change in BMD
(%DBMD) was defined as:

Annualized %ABMD = % change/years between DXA1 and DXA2

% Change =100 x (BMD at DXA2 — BMD at DXA1)/BMD at DXAL.

Statistical methods

All analyses were performed using SAS 9.2 (Cary, NC, USA). Descriptive statistics of the
baseline subject characteristics at the time of trial enroliment were determined with two-
tailed unpaired Student’s #tests and Fisher’s exact tests to compare means and proportions
between groups. For each skeletal location (lumbar spine, total hip, and femoral neck),
differences in annualized % change in BMD between treatment groups were assessed using
ttests. We adjusted for other possible predictors of change in BMD using repeated-measures
multiple regression analysis that included skeletal site as a predictor. Eighteen predictors
were screened for model inclusion taken from the variables listed in Table 1.

In model building, we first entered each predictor independently into a regression model in
which the other predictors of change were GC use, skeletal site, and two interactions (i)
predictor and skeletal site and (i) GC use and skeletal site. Interactions with a p-value < 0.25
put the predictor and its interaction with skeletal site into the list of predictors for
consideration in a multiple regression model. Second, predictors not included after initial
screening were then placed independently into a regression model in which the only other
predictors of change were GC use, skeletal site, and the interaction of GC use and skeletal
site. Those with parameter estimates with a p-value < 0.25 were also added to the list of
predictors for consideration in the multiple regression model. To arrive at a parsimonious
multiple regression model, we began with all the selected predictors as well as skeletal site,
GC use, and their interaction of skeletal site and GC use and sequentially removed effects
with p-values >0.05, choosing for deletion at each step the effect with the largest p-value.
We stopped when the statistical significance of each of the remaining effects did not exceed
0.05. All modeling was performed using SAS’s MIXED procedure, which supports
modeling with repeated measures within subject. The repeated measures were the changes at
up to three skeletal sites. The correlation between repeated measures was modeled through
the use of a random effect at the subject level.
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Among eligible subjects, 87 had DXA scans within a year of study consent date and
subsequent scans within two yr of their initial scans. These 87 subjects comprise the current
study population whose results are described here. Each of the 87 had the potential to
provide six DXA measurements, two time points from each of three measurement site, but
not all subjects had data for each site. On average, each subject provided data from 5.6 scans
for a total of 484 scans distributed across the DXA manufacturer as follows: 401 Hologic, 75
Lunar, and eight Norland.

Subject characteristics and biochemical data are shown in Table 1. Age at entry was in the
mid-fifth decade. Gender was equally divided and more than 80% were Caucasian. Subject’s
BMI was at the borderline of overweight and obese. Sixty-four percent of kidneys came
from cadavers. Baseline characteristics did not differ in terms of age, gender, race, BMI,
transplant donor type, or prevalence of diabetes mellitus. Among the 54 subjects who had
any prior hemodialysis, duration was not different between withdrawal and continuation
groups (16.2 + 15.6 vs. 17.6 £ 34.9, respectively, p = 0.8). Among the 44 subjects with any
prior peritoneal dialysis, duration in GC withdrawal(12.5 + 8.0) vs. continuation (27.3

+ 32.6) was not different (p = 0.07). Hemodialysis and peritoneal dialysis were combined
into a single variable, “dialysis,” and no difference was found between treatment groups.
Subject enrollment and baseline DXA scan were on average 1% yr following transplantation,
and there were no differences in time between transplantation to enrollment, baseline serum
calcium, phosphorous, creatinine, creatinine clearance, intact parathyroid hormone (PTH),
alkaline phosphatase, cumulative prednisone dose, and use of bone-active medications
between the two groups. The baseline DXA scan was obtained 15 + 56 d prior to consent
and did not differ between treatment groups (data not shown). Baseline standardized BMD
at the lumbar spine, total hip, and femoral neck did not differ between the two groups. BMD
was within 1 standard deviation compared to an age, gender, and race-matched population
(Z-score range, —0.5 to —0.8).

Baseline (DXAL) and follow-up (DXA2) BMD values for each anatomic site are shown in
Fig. 1, left panel. Two BMD measurements at the lumbar spine, total hip, and femoral neck
were retrieved in 86, 76, and 80 subjects, respectively. Mean (£SD) annualized percent
change in standardized BMD (%AsBMD) (Fig. 1, right panel) at the lumbar spine, total hip,
and femoral neck was 4.7% (5.5), 2.4% (4.2), and 2.1% (4.6), respectively, in GC
withdrawal and 0.9% (5.3), —0.2% (4.5), and 1.0% (6.0), respectively, in GC continuation.
Intergroup differences were statistically significant at the lumbar spine and total hip, 3.8% (p
=0.001) and 2.5% (p = 0.01), respectively, but non-significant at the femoral neck, 1.1% (p
=0.37).

To determine whether specific factors were potentially biasing our findings, we tested
intergroup differences in prednisone use, changes in serum creatinine, weight, and bone-
active medications. Cumulative prednisone dose at the time of consent was not statistically
different between the two groups (Table 1); however, there may have been subtle intergroup
differences in prednisone dosing. Daily prednisone doses (mg) between one and 12 months
post-transplant are shown in Fig. 2A. To test for group differences, we fit a repeated-
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measures model of prednisone dose with predictors: month since transplant, group
membership, and the interaction of the two predictors. The interaction was not statistically
significant (p = 0.36) and was removed from the model. In the main effects model, effect of
treatment group was statistically non-significant (p = 0.56), but month since transplant was
statistically significant (p < 0.0001). Over time, the average prednisone dose decreased.

Serum creatinine and weight after the baseline DXA scan are shown in Fig. 2B, C.
Creatinine values at DXAL are similar but not identical to those at enroliment (Table 1). To
test for group differences, we fit a repeated-measures model as described earlier. The
interaction between month since DXA1 and group assignment was statistically non-
significant (p = 0.06) and was removed from the model. In the main effects model, neither
month (p = 0.08) nor group membership (p = 0.64) was statistically significant. In modeling
weight with month after baseline DXA, group membership, and the interaction of the two
predictors, the interaction was statistically non-significant (p = 0.08) and was removed from
the model. The main effects model also showed no effect by group assignment (p = 0.92).
Time was statistically significant (p = 0.01) with a decrease by months 6-9, followed by a
rise to baseline.

We examined the use of bone-active medications at the baseline and follow-up DXA scans
(Table 2). There were no group differences in bisphosphonate, calcitriol, or estrogen use at
either DXA scan. Likewise, there was no group difference after aggregating any bone-active
medication use at either DXA scan.

The multiple regression model of annualized % change in BMD estimates that for the GC
withdrawal group, BMD changes at the lumbar spine, total hip, and femoral neck are +4.6%,
+2.2%, and +1.6%, respectively (Table 3). The effect of GC is estimated to decrease %
BMD changes by 3.6% and 2.4% at the lumbar spine and total hip, respectively. The effect
of GC at the femoral neck is not statistically significant. Change in BMD was positively
associated with baseline alkaline phosphatase and creatinine clearance and negatively
associated with baseline BMD. Annualized %AsBMD increased 0.033% per U/L of alkaline
phosphatase (p = 0.003); increased 0.036% per mL/min increase in creatinine clearance (p =
0.047); and decreased 0.69% per 0.100 g/cm? of baseline BMD (p = 0.04).

Discussion

In this randomized clinical trial of renal transplant recipients, GC withdrawal vs.
continuation was followed by an increase in BMD at the lumbar spine and total hip.
Although a number of longitudinal studies have shown loss of BMD with greater cumulative
prednisone doses (40), there are few longitudinal studies of GC withdrawal in renal
transplantation. In a prospective trial of patients seven yr post-kidney transplant on
prednisolone (6 mg daily), cyclosporine, and azathioprine, one yr changes in BMD were
+2.5% at the lumbar spine and +1.0% at the total hip in GC withdrawal group (N = 32) vs.
-0.5% at the lumbar spine and total hip in the GC continuation group (N = 32) (42, 48). The
current study cohort had comparable bone mass prior to randomization compared to the
study of Farmer et al. as subject’s Z-scores (—0.35 to —0.65) are similar to those in the
current study (=0.6 to —0.7). In the current study, GC withdrawal showed increases of +4.7%
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at the lumbar spine, +2.4% at the total hip, and +2.1% at the femoral neck, suggesting the
magnitude of BMD increase may be greater if GCs are discontinued sooner after
transplantation (on average 1% yr in this study). Daily prednisone doses in the GC
continuation group decreased at two and three yr post-transplantation and at most recent
follow-up, 10.8, 10.1, and 7.9 mg, respectively.

We observed that BMD changes differed at different anatomic sites. At the lumbar spine,
BMD increase was on average greater in magnitude compared to the femoral neck or total
hip (Fig. 1). The multiple regression model predicts that after GC withdrawal, relative to
change in BMD at the lumbar spine, is 2.3% less at the total hip and 2.9% less at the femoral
neck (Table 3). This is consistent with the greater metabolic activity, increased surface area,
and concomitant response to bone-active agents by the trabecular bone-enriched vertebral
spine compared to the less active and responsive cortical bone-enriched femoral neck.
Cortical and trabecular bone composition at the total hip is roughly equal, and its BMD
recovery after GC withdrawal was intermediate between the femoral neck and the lumbar
spine.

Serum alkaline phosphatase concentration was positively associated with the change in
BMD. Specific bone turnover biomarkers were not measured. However, total alkaline
phosphatase correlates with bone formation biomarker, bone-specific alkaline phosphatase,
with a correlation coefficient as high as 0.94 in Paget’s disease (49, 50). Higher baseline
alkaline phosphatase, reflecting greater bone turnover, predicted a greater improvement in
BMD. For example, after doubling baseline alkaline phosphatase from its mean of 90-180
U/L, the model predicts a further 3.0% increase in BMD. A greater creatinine clearance also
predicts greater BMD increase. For example, relative to the mean creatinine clearance of
64.8 mL/min (Table 1), a subject with a creatinine clearance of 74.8 mL/min (Table 1) is
expected to have a 0.4% greater increase in BMD. This is also an expected finding — healing
of renal osteodystrophy occurring after underlying renal function improves following kidney
transplantation. BMD change was negatively associated with starting BMD values. For
example, compared to the average baseline lumbar spine BMD of 1.041 g/cm? (Table 1), an
individual with an initial BMD of 0.941 g/cm? would experience a 0.7% greater increase in
BMD. In contrast to prior data reporting an inverse relationship between PTH and BMD
(51), baseline intact PTH did not predict change in BMD in this study. Modest elevation and
fairly narrow range in PTH in the current study (96.8 + 73 pg/mL) might account for the
lack of association.

There were three fractures in each group. In GC withdrawal, one subject each experienced
fracture at L1, rib, and fibula at five yr, six yr, and two months, respectively, after study entry
and in GC continuation, one subject each suffered fracture at T12, wrist, and humerus at
two, one, and five yr following entry. As previously reported, there were no group
differences at one yr and last follow-up at 3.7 yr in rates of patient survival, graft survival,
acute and chronic rejection, or graft function (43).

The strength of this study is the randomized allocation of treatment which, as indicated by
the lack of statistically significant differences in Table 1, equalized measured baseline
patient characteristics. Although lack of blinding may have introduced bias, compared to the
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original cohort of 118 subjects, the current study population of 87 subjects had similar
baseline characteristics, suggesting that this population remained balanced in terms of
unmeasured baseline characteristics and potential confounders by treatment assignment.

A limitation of this study was the use of different DXA manufacturers. Restricting analysis
subjects who had baseline and follow-up DXA scanner (Hologic QDR 4500) at our medical
center (short-term root mean square coefficient of variation 1.1% at lumbar spine and 1.5%
at total hip) did not alter the results of intergroup comparisons at the lumbar spine and total
hip, showing benefit to GC withdrawal, 4.3% (p = 0.0012, n = 68) and 3.2% (p = 0.002, n =
64), respectively. Another limitation was the use of different DXA manufacturers by the
same subject. There were three subjects who switched from Hologic to Lunar and three
different subjects who switched from Lunar to Hologic. Most subjects stayed on the same
machine throughout. The use of different DXA manufacturers in this study introduces a bias,
but it is likely non-systematic, leading to a wider confidence intervals and a conservative
estimate of the effect of GC withdrawal. Serum 25-hydroxy vitamin D concentration was not
measured in this study nor was vitamin D supplemented; however, randomized group
allocation likely distributed this factor equally between groups. Although the study cohort
was a subset of the entire enrolled population, baseline data (Table 1) showed equality in the
measured baseline data, suggesting that unmeasured relevant covariates remain equal
between groups. The retrospective nature of this analysis may also introduce bias. However,
we diligently searched for possible confounding factors such as prednisone therapy after
transplantation, differences in renal function, and weight and especially use of bone-active
medications between DXA scans, but found no between- group differences.

BMD by DXA in the assessment of osteoporosis in the general population has its
limitations, for example, measuring areal vs. volumetric BMD, inability to distinguish
cortical vs. trabecular bone, and inability to distinguish calcium content from bone vs. extra-
skeletal origin. The assessment of post-renal transplantation bone disease is considerably
more complex than data derived from DXA alone. For example, DXA, in contrast to
quantitative bone histomorphometry, provides no information on bone turnover and
mineralization (52). Hence, an important limitation of this study is the lack of bone biopsy
data. Although BMD by DXA is a strong predictor for fracture risk in the general
population, its predictive ability in the chronic kidney disease (CKD) population is
uncertain. For this reason, the recently published clinical practice guidelines on Chronic
Kidney Disease-Metabolic Bone Disease by Kidney Disease: Improving Global Outcomes
(KDIGO) do not suggest routine BMD testing in CKD 3-5D. These guidelines do however
suggest measuring BMD following renal transplantation in patients receiving GC therapy or
who have risk factors for osteoporosis as in the general population (53). Data from this study
are in keeping with these recommendations as monitoring BMD by DXA would document
improvement in patients whose GC therapy is withdrawn.

The magnitude of increase in BMD between treatment groups (+ 4.7% at lumbar spine,
+2.4% at the total hip, and +2.1% at the femoral neck) is comparable to the 12-month
increases in BMD seen in pivotal trials of commonly prescribed oral bisphosphonates for
treatment of post-menopausal osteoporosis. For alendronate 5 and 10 mg daily vs. placebo,
the one yr BMD increase at the lumbar spine was +4-5%, total hip and femoral neck +2—
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2.5% (54-56). Similarly, risedronate 5 mg daily vs. placebo increased BMD at the lumbar
spine by 3-4% and femoral neck 2% at one yr of treatment (57, 58). Although these
bisphosphonate-induced gains in BMD are modest, they are associated with relatively
greater reductions in fracture risk of about 50%. Nevertheless, extrapolating these data to
kidney transplant recipients is difficult as DXA has not been validated as a surrogate marker
for fracture risk nor is an improvement in BMD shown to decrease fracture risk in this
population.

Important clinical concerns regarding GC withdrawal include risk for acute rejection and
chronic allograph nephropathy. Acute rejection has been demonstrated in mycophenolate-
treated patients undergoing early GC withdrawal (59). However, this study differs in that
subjects were 6-24 months post-transplantation and were stable at the time of GC
withdrawal. As the majority of acute rejections occur in the first six months following
transplantation, this study selected those who would be at low risk for acute rejection. Meta-
analyses noting an increased risk of acute rejection following late GC have included various
immunosuppressants (60, 61). A subsequent study in cyclosporine-based
immunosuppression reported no increased risk of acute rejection and improvement in seven-
yr patient and renal graft survival in GC withdrawal group (62). Long-term kidney
dysfunction and allograft fibrosis have been reported in GC withdrawal (63, 64) but not
shown in the randomized of Pelletier et al. (43). Although the presence of osteopenia by
DXA scanning is unlikely to be the main determinant influencing the decision to withdraw
GC therapy, it may constitute one factor favoring this choice, as individuals with a lower
baseline BMD experienced a greater percent gain in BMD.

In summary, we found that discontinuation vs. continuation of GC therapy in renal
transplant patients one yr after transplantation was followed by an increase in BMD at the
lumbar spine and total hip, but not at the femoral neck in the following year. This pattern
reflects the proportion of trabecular bone in each skeletal site. Serum alkaline phosphatase
levels may serve as a biomarker that predicts change in BMD after GC withdrawal.
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Fig. 1.

Sugmmary of bone mineral density (BMD) and annualized change in BMD by anatomic site.
(A) Lumbar spine, (B) total hip, (C) femoral neck. Left panel: Observed mean standardized
BMD (g/cm?) in glucocorticoid (GC) withdrawal and continuation at baseline (DXA1) and
follow up (DXAZ2). Right panel: Mean annualized percent change in sSBMD in GC
withdrawal and continuation. Error bars denote standard error. Asterisks summarize results
of t-tests of group differences. *p = 0.01, **p = 0.001. DXA, dual-energy X-ray
absorptiometry.
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Fig. 2.

Segiected parameters across time by treatment group. (A) Mean daily prednisone dose (mg/d)
by month since transplant. (B) Serum creatinine (mg/dL) by month after baseline dual-
energy X-ray absorptiometry (DXA) scan. (C) Weight (kg) by month after baseline DXA
scan. Error bars denote standard error. Black circles (¢), glucocorticoid (GC) withdrawal
group. Gray squares (M), GC continuation group.

Clin Transplant. Author manuscript; available in PMC 2019 November 18.



Page 15

Ing et al.

Author Manuscript

"p1091110209N|6 D9 ‘Aususp [eJaulw auoq ‘AINgG

7980 (01) 50- (8°0) 9°0- (6'0) 9°0- L 2109s-7 diy [ejoL
905°0 (6v1°0) €160 (1€1°0) 268°0 (6£T°0) 206°0 9L (zwo/6) aa diy reror
8.v'0 (01) 8°0- (8°0) 9°0- (6'0) L0~ LL 1025-Z %28 [elowaS
1090 (8€T°0) 918°0 (821°0) T€8°0 (ceT'0) ¥28°0 08 (zwo/B) Qg osu [elowisy
0.0 1) 90- (z1) 80~ (eT) L0~ 8 8100s-Z aulds JequinT
06€°0 (6ST°0) ¥S0°T (zeT'0) L20°T (S¥1°0) TVO'T 98 (;wo/B) ang suids tequinT
6650 v'1e €er [ 18 (%) uoyedIpaW 8AI0E-3U0Y
2650 (99¢2) 2022 (2242) €008 (9e52) 2982 98 (Bw) auosiupaid aAne|nwNd
€6T°0 (e'1€) €98 (5'8¢) 2’56 (e'5€) ¥'06 18 (/n) ssereydsoyd autey
8rT’0 (0'76) G°20T (28v) 88 (L'22) 856 18 (w/Bd) H1d 10eMU|
2980 (ev2) v'v9 (967) 2'59 (812) 879 98 (urwyw) sdueses|d suluReald
EvT0 0) vv'1 (7'0)GS'T (7'0) 0S'T 18 (Wp/Bus) suruneaid
8520 (90) 62 (L0o)oe (906 18 (Ip/Bw) snoJoydsoyd
990 (s0) 96 (60) L6 (Lo) L6 /8 (p/Bw) wintofed
0£6°0 (T'06T) ¥'6T¥ (r'2L1) 6'GTY (T'081) 9'LT¥ 18 (p) Jue|dsuely sduls awiL
2LT0 (L'28)sve (ov1) 6'ST (z'82) 0’02 18 (supuow) sisAjer@
86T°0 (952 vet (98) 69 (6'8T) 9'6 18 (stpuow) sisAjerp eauoltiad
1950 (0og) T2t (zv1) 6 (ze2) 9ot 98 (supuow) sisAjerpowsH
9210 %z S %6'8Z %8'9€ 18 (%) sa1eqeIQ

%T'L %Z'T %9'y 4 (%) payejaaun Buini

%2'9Z %9'GE %0°TE 4 (%) payejal BuiAn

%L'99 %229 %v'¥9 95 (%) d11enepe]
9T¥'0 18 adAy Jouop jeldsuel]
1610 (T'9) 262 (z9)00e (9'9) 6'62 18 (zw/Bx) 1Ng
0000'T %018 %28 %918 /8 (amym 95) avey
7€8°0 %8'vS %8'LS %€'9G 18 (orew o5) X35
0920 (oen) o'sy (zvT) 8y (LeT) Loy 18 (1K) aby
aneA-d  zi =N (QS) uoirenunuod 99 Gy =N (as) emelpyim 09 28=N(ds) IkRAO N a|qelen

sdnoJB uoneNUNU0I DO pue ‘[emeIpylMm D) ‘|[eIaA0 8yl Ut (UOIRIASD pJepuels pue ueswu) sonsialoeeyd auljaseg

‘Tal1qeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Transplant. Author manuscript; available in PMC 2019 November 18.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ing et al.

Table 2.

Use of bone-active medications at baseline and follow-up DXA scan by group assignment

GC withdrawal GC continuation

Bone-active medication % N p-Value
Bisphosphonate at DXA1 2.2 45 7.1 42 0.349
Calcitriol at DXA1 44 45 11.9 42 0.255
Estrogen at DXA1 36.8 19 15.8 19 0.269
Any bone-active medication at DXA1 15.6 45 19.0 42 0.667
Bisphosphonate at DXA2 6.7 45 11.9 42 0.475
Calcitriol at DXA2 111 45 28.6 42 0.058
Estrogen at DXA2 36.8 19 15.8 19 0.269
Any bone-active medication at DXA2 26.7 45 40.5 42 0.172

For estrogen use, only women are included.

DXA, dual-energy X-ray absorptiometry; GC, glucocorticoid.
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Table 3.

Multivariate analysis of annualized percent change in standardized bone mineral density
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Parameter Estimate ClI p-Value
GC withdrawal

Lumbar spine 4,55 3.11,5.99 <0.0001

Total hip 222 0.70, 3.74 0.004

Femoral neck 1.63 0.14,3.12 0.032
GC continuation

Lumbar spine 0.91 -0.57, 2.40 0.227

Total hip -0.22 -1.81,1.38 0.791

Femoral neck 1.45 -0.087, 2.98 0.064
Effect of GC

Lumbar spine -3.63 5.72,-155  0.001

Total hip -2.44 -4.65, -0.22 0.031

Femoral neck -0.18 -2.33,1.97 0.868
Per U/L change in alkaline phosphatase 0.033 0.012,0.055  0.003
Per 0.100 g/cm? change in baseline BMD -0.69 -1.33,-0.046  0.036
Per 1 mL/min change in creatinine clearance 0.036 0.00, 0.071 0.047

BMD, bone mineral density; GC, glucocorticoid.
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