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Introduction
Immunosuppressive regimens for kidney trans-
plantation have progressed since the 1990s, espe-
cially with regard to early steroid withdrawal 
(ESW). During the decade following the intro-
duction of cyclosporine, several retrospective 
studies documented the benefits of ESW in gen-
eral, and, in particular, the reduction in cardio-
vascular complications (lower blood pressure, 
lower cholesterol levels, and less diabetes melli-
tus).1–3 However, some reports have suggested 
that steroid withdrawal is associated with a 

significant risk of acute allograft rejection and 
graft loss.4,5

Nevertheless, the development of additional 
immunosuppressants (such as tacrolimus and 
mycophenolate mofetil) and the use of induction 
treatments (such as basiliximab and antithymo-
cyte globulin) have stimulated renewed interest in 
steroid-free immunosuppressive treatments, and 
similar benefits have already been demon-
strated.6–10 Furthermore, two randomized multi-
center trials have similar long-term renal allograft 
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survival rates and functions for recipients with 
ESW and those continuing to take corticosteroids 
– even though the rate of acute allograft rejection 
was higher in the ESW group.8,10 Moreover, 
Barbour et al.’s recent study of a large cohort of 
kidney transplant patients suffering from recur-
rent glomerulonephritis showed that ESW was 
not associated with a major risk of death or all-
cause graft loss.11

Most of the studies of ESW have focused on car-
diovascular and metabolic complications, and 
there are only few reports of the consequences of 
early withdrawal on bone.12 Prior to the introduc-
tion of steroid-free immunosuppressive regimens, 
several studies evidenced a decrease in bone min-
eral density (BMD) in corticosteroid-treated 
recipients (particularly 6–12 months after trans-
plant)13–16 and a higher fracture risk.17 Thus, it 
has been suggested that corticosteroid treatment 
is a risk factor.18,19 Indeed, corticosteroid-induced 
osteoporosis is the leading cause of secondary 
osteoporosis.20

Bone fractures are major complications of osteo-
porosis, and constitute a major public health issue 
and a socio-economic burden. Indeed, osteoporo-
tic hip fractures are responsible for excess mortal-
ity, with many deaths occurring within 6 months 
of the fracture.21 The excess mortality rate varies 
from one study or population to another but 
ranges from 8% to 36% within the first year fol-
lowing hip fracture.22,23 Unsurprisingly, BMD is a 
major determinant of osteoporotic disease and is 
associated strongly with the fracture risk.24,25

Hence, in addition to its cardiovascular and met-
abolic benefits, ESW in kidney transplant recipi-
ents might limit bone damage by increasing BMD 
and reducing the fracture risk – even though bone 
quality is another major determinant of the frac-
ture risk,26 particularly in patients suffering from 
chronic kidney disease-mineral and bone disorder 
(CKD-MBD). Indeed, CKD-MBD is character-
ized by one or more of the following manifesta-
tions: (i) renal osteodystrophy; (ii) vascular and 
soft tissue calcification; (iii) abnormal metabo-
lism of calcium, phosphorus, parathyroid hor-
mone (PTH); and 25(OH) vitamin D.27 Renal 
osteodystrophy includes all the changes in bone 
histology seen in uremic patients: abnormalities 
in bone turnover, mineralization, volume linear 
growth, or strength.28 Mild hyperparathyroid-
related bone disease (reflected histologically by 
high-turnover bone, leading to osteitis fibrosa in 

advanced cases) is more frequently encountered 
in early-stage kidney disease.29 In end-stage kid-
ney disease, skeletal resistance to the action of 
PTH action leads to adynamic bone disease 
(ABD).30 The latter corresponds to low-turno-
ver bone with normal mineralization and a nor-
mal or low bone volume.31 Osteomalacia and 
mixed uremic osteodystrophy can also be 
encountered in CKD patients.28 Regardless of 
the origin, a low BMD in CKD patients is a 
marker of bone fragility.32

In steroid-treated patients with normal renal 
function, treatment withdrawal is associated with 
a rapid increase in bone mineral density and a 
decrease in the fracture risk.33–35 One can reason-
ably expect the same to be true of kidney trans-
plant patients but these changes would need to be 
confirmed – especially since the bone microarchi-
tecture is impaired in this population (as described 
above).

In view of different characteristics in patients on 
long-term corticosteroid therapy and those with 
ESW, comparisons based on corticosteroid therapy 
duration may seem difficult. However, a number of 
innovative methods are now available to minimize 
the indication bias inherent in pharmacoepidemio-
logical studies, such as high-dimensional propen-
sity scores.36 We hypothesized that patients with 
ESW could display a gain in BMD during the 
year following kidney transplantation, when 
compared with patients on long-term corticoster-
oid therapy. Therefore, we assessed BMD in 
both types of patient during the 12 months after 
kidney transplantation using inverse probability-
of-treatment weighting (IPTW) to reduce indica-
tion bias.

Methods

Study design and participants
We performed a longitudinal study of a cohort of 
adult patients (aged 18 and over) having under-
gone kidney transplantation at Amiens University 
Medical Center (Amiens, France) between 1 
January 2012, and 13 February 2019, and with 
available data on BMD measured at several dif-
ferent anatomic sites (the lumbar spine, the hip, 
and femoral neck) 1 month (M1) and 12 months 
(M12) after transplantation. BMD was deter-
mined using dual-energy X-ray absorptiometry 
(DXA; Hologic Discovery System, Hologic Inc., 
Waltham, MA, USA). Osteoporosis was defined 
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as a T-score ⩽ −2.5 at one or more sites, and 
osteopenia was defined as a T-score between −1 
and −2.5.

Collected data
Data at study baseline. The variables recorded at 
baseline included sociodemographic characteris-
tics, osteoporosis risk factors, the use of drugs 
potentially influencing BMD at the time of trans-
plantation (steroids, calcium, cholecalciferol, alfa-
calcidiol, calcifediol, and bisphosphonates), any 
history of chronic kidney disease, the characteris-
tics of the donor, and the characteristics of the 
transplantation.

Serum levels of calcium, phosphate, 25(OH) vita-
min D, PTH, bone alkaline phosphatase, osteoc-
alcin, and creatinine at baseline and glomerular 
filtration rate were also recorded.

Follow-up data. Data on prevalent osteoporotic 
fractures and intakes of calcium, cholecalciferol, 
alfacalcidiol, calcifediol, and bisphosphonate dur-
ing the study period were collected, together with 
post-transplantation complications: acute graft 
rejection (defined according to the Banff classifi-
cation after an pathologic assessment of a graft 
biopsy at M3), the appearance of donor-specific 
antibodies (DSAs), bacterial and viral infections, 
and cardiovascular risk factors and cardiovascular 
events.37

Data on serum levels of calcium, phosphate, 
25(OH) vitamin D, PTH, and creatinine at M12 
and on the glomerular filtration rate were also 
collected.

Assays of serum PTH, 25(OH) vitamin D, bone 
alkaline phosphatases, and osteocalcin
Serum PTH was assayed using a chemilumines-
cent immunoassay (ADVIA Centaur PTH from 
Siemens Healthcare Diagnostics SAS; intra-assay 
coefficient of variation <2.05%, inter-assay coeffi-
cient of variation <4.04%; detection limit of the 
assay: 4.6 pg/ml), according to the manufacturer’s 
instructions. Serum 25(OH) vitamin D was 
assayed using an ELISA (assay kit total Vitamin D 
-ADVIA Centaur from Siemens Healthcare 
Diagnostics SAS). The detection threshold for 
serum 25(OH) vitamin D was 4.20 ng/ml (intra-
assay coefficient of variation <9.79%, inter-assay 
coefficient of variation <7.32%). Bone alkaline 
phosphatase and osteocalcin were assayed using 

Liaison-XL from DiaSorin SA (Antony, France). 
The detection thresholds for serum bone alkaline 
phosphatase and osteocalcin were 3.0 µg/l and 
1.5 ng/ml, respectively. The intra-assay coefficients 
of variation were <2.16% and <4.99%, respec-
tively, and the inter-assay coefficients of variation 
were <4.19% and <5.33%, respectively.

Immunosuppressive regimens
Since March 2016, kidney transplant recipients 
with a low immunological risk (defined as a peak 
panel-reactive antibody <20%) being treated in 
the Department of Nephrology at Amiens 
University Medical Center have discontinued 
their corticosteroid treatment on day 7 post-
transplantation. The treatment consisted of a 
bolus of methylprednisolone (500 mg) at the 
time of transplantation, followed by oral predni-
solone (20 mg/day for 4 days and then 10 mg/day 
for 3 days). Patients who had not resumed corti-
costeroid treatment by M12 formed the ESW 
group. The patients had received induction ther-
apy with basiliximab and maintenance therapy 
with mycophenolate mofetil plus tacrolimus or 
mycophenolate mofetil plus cyclosporine, depend-
ing on the risk of developing type 2 diabetes mel-
litus or exacerbating preexisting diabetes.

Before March 2016, all patients (regardless of the 
immunological risk) received the same long-term 
corticosteroid treatment, consisting of a bolus of 
methylprednisolone (500 mg) at the time of trans-
plantation and then oral prednisolone (20 mg/
day, with a gradual dose reduction to between 5 
and 10 mg/day by M3). Patients treated before 
March 2016 and patients with a low immunologi-
cal risk rechallenged with steroids before M12 
since March 2016 formed the “other steroid regi-
mens” (OSR) group.

Identification of patients with ABD
In order to take account of the heterogeneity of 
skeletal involvement, patients with PTH <150 pg/
ml (positive predictive value for ABD: 97%) and 
bone alkaline phosphatases <10 ng/ml (which can 
further bolster the diagnosis of ABD, as it is 100% 
sensitive and 93.7% specific) were classified as 
having ABD.38

Statistical methods
In our descriptive analysis, categorical variables 
were expressed as the number (percentage), and 
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continuous variables were expressed as the 
mean ± standard deviation (SD) or the median 
(range), depending on the data distribution. The 
Shapiro-Wilk test was used to determine whether 
or not data were normally distributed.

In bivariate analyses of the ESW and OSR groups, 
continuous variables were compared using 
Student’s t test or a Wilcoxon’s rank sum test 
(depending on the data distribution), and cate-
gorical variables were compared using a chi-
square test or Fisher’s exact test.

Bivariate analyses were performed for the change 
over time (between M1 and M12) in BMD and 
in all other variables, in order to determine fac-
tors influencing BMD in the study population. 
For continuous variables, Pearson’s correlation 
coefficients or Spearman’s rank correlation coef-
ficients were calculated (depending on the data 
distributions). For binary variables, Student’s t 
test or Wilcoxon’s rank sum test was applied. 
For categorical variables (>2 categories), an 
analysis of variance was performed (Supplemental 
Tables S1–S3).

IPTW was used in the primary analysis. The 
rationale for using IPTW was that the distribu-
tion of the probability of receiving one treatment 
or another is similar among the weighted popu-
lation; this enables observational studies to be 
designed on the same lines as a randomized con-
trolled trials.36 A propensity score (PS) was esti-
mated using a logistic regression model. 
Treatment assignment (ESW versus OSR) was 
regressed only on variables with p < 0.2 in the 
bivariate analysis for the prediction of changes in 
BMD (Supplemental Tables S1–S3). Indeed, it 
is better to include either covariates with prog-
nostic value (those related to outcomes, i.e. 
BMD changes) or confounding covariates (those 
related to treatment, i.e. ESW and outcomes, 
i.e. BMD changes) in the PS model than varia-
bles that affect the treatment selection pro-
cess.39,40 Thus, three PSs were produced – one 
for each BMD measurement site (the lumbar 
spine, the femoral neck, and the total hip). Next, 
simple IPTW linear regressions were performed 
for each site: patients in the ESW group were 
weighted by the reciprocal of their PS, and 
patients in the OSR group were weighted by one 
minus the reciprocal of their PS. We checked 
that the conditions for a valid linear regression 
were met.

The PSs were balanced by excluding counterfac-
tuals, when required.41 Next, the PS distributions 
were evaluated using a kernel density plot 
(Supplemental Figure S1). Lastly, the balance of 
each PS was assessed by examining the standard-
ized mean differences (Supplemental Figures 
S2–S4). For regression adjustment to be trust-
worthy, the absolute standardized differences of 
means should be less than 0.25.42

In sensitivity analyses, (i) simple IPTW linear 
regressions (one for each BMD measurement 
site) were performed after all the covariables had 
been included in a PS, and (ii) the previous analy-
ses were performed in patients with initial ESW 
[with or without resumption of steroids, ESW 
(M0)] and those with initial long-term steroid 
therapy [OSR (M0)].

The main analyses were stratified by sex, age 
group (with a cut-off at 60, to limit the loss of 
statistical power) and bone involvement (i.e. 
patients with versus without ABD).

All analyses were performed using R software 
(version 3.6.0, R Foundation for Statistical 
Computing, Vienna, Austria).

Ethics approval and informed consent 
statements
In line with the French legislation on retrospec-
tive analyses of routine clinical practice, patients 
were not required to give their informed con-
sent. On admission to hospital, however, 
patients could refuse the use of their medical 
data for research purposes. This protocol was 
approved by an institutional committee (with 
competency for studies not requiring approval 
by an independent ethics committee) and was 
registered with the French National Data 
Protection Commission (Commission Nationale 
de l’Informatique et des Libertés, Paris, France; 
reference: PI2019_843_0055).

Results

Study population
Of the 477 patients having received a kidney 
transplant between 1 January 2012, and 13 
February 2019, 356 (including 226 men, 64.5%) 
were included in the present study. Of the 85 
recipients having discontinued steroid at M0, 25 
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had resumed steroid therapy during the study 
period (Figure 1).

The reasons for the resumption of corticosteroid 
therapy were acute graft rejection (based on an 
M3 biopsy; n = 7), the appearance of DSAs 
(n = 3); delayed recovery of renal function (n = 5), 
glomerular lesions on the graft biopsy without 
signs of acute rejection (n = 5), and dosage reduc-
tion or the discontinuation of other immunosup-
pressive drugs following an adverse effect (n = 5: 
three patients with mycophenolate-mofetil-
related leukopenia, one patient with tacrolimus-
related hyperkaliemia, and one patient with 
tacrolimus-related BK virus viremia).

The mean ± SD age of the study population at 
the time of transplantation was 50.9 ± 13.2 years. 
The median time to the first BMD measurement 
was 32 days, and the median time to the second 
was 12 months (Table 1).

The most common cause of kidney disease neces-
sitating kidney transplantation was recurrent glo-
merulonephritis (29.8%) (Table 1).

The proportion of patients with prior steroid 
intake was higher in the OSR group than in the 
ESW group (19.3% versus 5.0%, respectively; 
p = 0.012) (Table 1). There were no significant 
intergroup differences in the intakes of native 
vitamin D or its metabolites before or after trans-
plantation. A given patient could have received 
cholecalciferol and one of its metabolites but not 
simultaneously. After transplantation, the mean 
daily dose of alfacaldiol in the total population 
was 1.2 ± 0.3 µg/day, that of calcifediol was 
28.2 ± 12.7 µg/day, and that of cholecalciferol was 
1,00,000 IU/month [regardless of 25 (OH) vita-
min D3 levels].

Influence of osteoporosis risk factors and other 
variables on BMD
Factors influencing BMD (p < 0.2) at each meas-
urement site are described in Supplemental Tables 
S1–S3. The factors that influenced the three sites 
were recipient age, the serum PTH level, and the 
serum osteocalcin level at M0 and deceased donor. 
For each measurement site, variables included in 
the propensity score and influencing BMD are 
listed in Supplemental Figures S2–S4. Absolute 
mean differences between groups were well bal-
anced after adjustment using IPTW (Supplemental 
Figures S2–S4).

Changes over time in BMD, and the incidence  
of fractures
When comparing OSR and ESW groups, in a 
bivariate analysis of the data at M1, there were no 
intergroup differences in BMD at the three meas-
urement sites, despite the greater proportion of 
patients with prior steroid intake in the OSR 
group - suggesting that steroids received before 
transplantation had no impact on the overall 
trend. At M12, the lumbar spine BMD was sig-
nificantly higher in the ESW group than in the 
OSR group - particularly in men (Table 2).

In the ESW group, the lumbar spine BMD 
increased significantly by 0.038 ± 0.07 g/cm2 
(+4.2 ± 6.8, p < 0.01) between M1 and M12. 
This increase in BMD was particularly evident in 
women over 60 (+0.054 ± 0.06 g/cm2, p = 0.028), 
men under 60 (+0.053 ± 0.06 g/cm2, p < 0.001), 
and patients without ABD (+0.048 ± 0.07 g/cm2, 
p < 0.001). In contrast, the lumbar spine BMD in 
the OSR group decreased by 0.005 ± 0.06 g/cm2 
(−0.2 ± 5.9%, p = 0.141) over the same period. 
The intergroup difference in the change in lumbar 
spine BMD was statistically significant (p < 0.001), 

Figure 1. Patient inclusion flow chart.
ESW, early steroid withdrawal; OSR, other steroid regimens.
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Table 1. Characteristics of the study population.

Population n = 356 OSR n = 296 ESW n = 60 p value

Clinical risk factors for osteoporosis (M0)

Recipient age (years), m ± SD 50.9 ± 13.2 50.5 ± 13.1 53.3 ± 13.8 0.136

Female sex, n (%) 130 (36.5) 116 (39.2) 14 (23.3) 0.030

Race

 Caucasian, n (%) 332 (93.3) 274 (92.6) 59 (98.3) 0.146

 Black, n (%) 23 (6.7) 22 (7.4) 1 (1.7)

BMI (kg/m²), m ± SD 26.1 ± 4.3 26.2 ± 4.2 25.6 ± 4.4 0.357

Thyroid disorders, n (%) 22 (6.2) 18 (6.1) 4 (6.7) 0.770

Prior osteoporotic fractures, n (%) 32 (9.0) 26 (8.8) 6 (10.0) 0.804

Family history of FUEF, n (%) 2 (0.6) 2 (0.7) 0 1.000

Diabetes mellitus, n (%) 55 (15.4) 40 (13.5) 15 (25.0) 0.040

Chronic inflammatory rheumatism, n (%) 4 (1.1) 3 (1.0) 1 (1.7) 0.524

Autoimmune diseases, n (%) 22 (6.2) 16 (5.4) 6 (10.0) 0.233

Primary HPT, n (%) 11 (3.1) 10 (3.4) 1 (1.7) 0.698

Secondary HPT, n (%) 298 (83.7) 252 (85.1) 46 (76.7) 0.153

Smoking

 Never, n (%) 186 (52.2) 153 (51.7) 33 (55.0) 0.880

 Current, n (%) 97 (27.3) 81 (27.4) 16 (26.7)

 Past, n (%) 73 (20.5) 62 (20.9) 11 (18.3)

Alcohol consumption, n (%) 29 (8.1) 20 (6.8) 9 (15.0) 0.070

Menopausal women, n’ = 130 60 (49.2) 50 (43.1) 10 (71.4) 0.052

Laboratory data (M0)

Serum calcium (mg/l), m ± SD 93.2 ± 8.0 94.0 ± 8.0 90.8 ± 7.6 0.023

Serum phosphate (mg/l), m ± SD 45.5 ± 14.9 45.5 ± 14.9 45.5 ± 14.9 1.000

25(OH) vitamin D (ng/ml), m ± SD 33.4 ± 16.2 34.0 ± 16.5 30.5 ± 14.2 0.136

PTH (pg/ml), med [min – max] 326.5 [1.3–2646.0] 334 [1.3–2646] 243 [5.5–1315.5] 0.004

Bone alkaline phosphatases (µg/l), med [min – max] 12.05 [2.4–99.0] 12.9 [2.4–99] 11.2 [4–67.1] 0.007

Osteocalcin (ng/ml), med [min – max] 90 [2–2970] 67.1 [2–2970] 10.1 [10.7–1140] 0.866

Laboratory data (M12)

Serum calcium (mg/l), m ± SD 96.4 ± 6.4 96.4 ± 6.8 94.8 ± 5.6 0.101

Serum phosphate (mg/l), m ± SD 30.0 ± 6.5 30.3 ± 6.5 29.1 ± 6.8 0.323

25 (OH) vitamin D3 (ng/ml), m ± SD 27.9 ± 10.8 27.6 ± 10.9 29.3 ± 10.1 0.148

(Continued)
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Population n = 356 OSR n = 296 ESW n = 60 p value

PTH (pg/mL), med [min – max] 117.3 [0.3–1597.0] 119 [0.3–1597] 113 [28.7–339] <0.001

Serum creatinine (mg/l), m ± SD 16.0 ± 7.2 16.3 ± 7.5 14.9 ± 5.5 0.161

GFR (mL/min), m ± SD 52.2 ± 22.3 51.4 ± 22.8 56.2 ± 18.9 0.128

Drugs influencing BMD

Prior steroid intake, n (%) 60 (16.9) 57 (19.3) 3 (5.0) 0.012

Prior calcium intake, n (%) 95 (26.7) 85 (28.7) 10 (16.7) 0.077

Calcium intake during the study period), n (%) 118 (33.1) 102 (34.5) 16 (26.7) 0.293

Prior vitamin D intake, n (%) 180 (50.6) 156 (52.7) 24 (40.0) 0.090

 Cholecalciferol, n (%) 136 (38.2) 115 (38.9) 21 (35.0) 0.679

 Alfacalcidiol, n (%) 20 (5.6) 17 (5.7) 3 (5.0) 1.000

 Calcifediol, n (%) 44 (12.4) 41 (14.9) 3 (5.0) 0.092

Vitamin D intake during the study period, n (%) 311 (87.4) 261 (88.2) 50 (83.3) 0.293

 Cholecalciferol, n (%) 292 (82.0) 242 (81.8) 50 (83.3) 0.916

 Alfacalcidiol, n (%) 35 (9.8) 31 (10.5) 4 (6.7) 0.506

 Calcifediol, n (%) 45 (12.6) 42 (14.2) 3 (5.0) 0.082

Prior BP intake, n (%) 2 (0.6) 2 (0.7) 0 1.000

BP intake during the study period (days), n (%) 12 (3.4) 12 (4.1) 0 0.231

Etiology of chronic kidney disease 0.070

Glomerulonephritis, n (%) 106 (29.8) 90 (30.4) 16 (26.7)

Hereditary disease, n (%) 74 (20.8) 62 (21.0) 12 (20.0)

 Polycystic kidney disease, n (%) 69 (19.4) 58 (19.6) 11 (18.3)

Renal and urinary tract malformations, n (%) 32 (9.0) 27 (9.1) 5 (8.3)

Hypertensive kidney disease, n (%) 27 (7.6) 20 (6.8) 7 (11.7)

Diabetic kidney disease, n (%) 26 (7.3) 17 (5.7) 9 (15.0)

Interstitial nephritis, n (%) 14 (3.9) 12 (4.1) 2 (3.3)

Vascular nephropathy, n (%) 14 (3.9) 10 (3.4) 4 (6.7)

Indeterminate, n (%) 46 (12.9) 44 (14.9) 2 (3.3)

Other, n (%) 17 (4.8) 14 (4.6) 3 (5.0)

Time on hemodialysis (years), med [min – max] 2.4 [0–30.7] 2.5 [0–30.7] 2.0 [0–21.2] 0.023

Previous kidney transplant, n (%) 44 (12.4) 43 (14.5) 1 (1.7) 0.004

Prior cinacalcet intake, n (%) 86 (24.2) 78 (26.4) 8 (13.3) 0.047

Prior ESA intake, n (%) 88 (24.7) 77 (26.0) 11 (18.3) 0.274

Table 1. (Continued)

(Continued)
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Population n = 356 OSR n = 296 ESW n = 60 p value

Peak PRAs

 <20%, n (%) 264 (74.2) 205 (69.3) 60 (100) < 0.001

 20–80%, n (%) 62 (17.4) 61 (20.6) 0

 > 80%, n (%) 30 (8.4) 30 (10.1) 0

DSAs, n (%)

 Previous, n (%) 7 (2.0) 7 (2.4) 0 0.647

 Current, n (%) 4 (1.1) 4 (1.4) 0

Positive crossmatch, n (%) 7 (2.0) 6 (2.0) 1 (1.7) 1.000

Donor

 Age (years), m ± SD 51.6 ± 14.3 51.4 ± 14.1 52.7 ± 15.3 0.541

 Female, n (%) 158 (44.4) 134 (45.4) 24 (40.0) 0.478

 BMI (kg/m2), med [min – max] 25.0 [16.3–61.6] 25.1 [16.7–61.6] 24.9 [16.3–42.0] 0.606

 Decreased donor, n (%) 289 (81.2) 254 (85.8) 35 (58.3) < 0.001

 Last blood creatinine (mg/l), med [min – max] 8.1 [2.5–55.1] 8.1 [2.5–55.1] 8.4 [3.2–22.3] 0.886

Ischemia times

 Cold (min), med [min – max] 805 [22–2036] 805.5 [22–2036] 799 [36–1672] 0.874

 Warm (min), med [min – max] 60 [4–99] 59 [4–99] 62.5 [21–98] 0.242

Induction therapy

 Basiliximab, n (%) 193 (54.2) 143 (48.3) 50 (83.3) <0.001

 Thymoglobulin, n (%) 164 (46.1) 154 (52.0) 10 (16.7) <0.001

 IVIg, n (%) 13 (3.6) 13 (4.4) 0 0.137

Maintenance therapy

 MMF + tacrolimus, n (%) 251 (70.5) 200 (67.6) 51 (85.0) 0.023

 MMF + cyclosporine, n (%) 88 (24.7) 79 (26.7) 9 (15.0)

 Tacrolimus + everolimus, n (%) 15 (4.2) 15 (5.1) 0

 MMF + everolimus, n (%) 1 (0.3) 1 (0.3) 0

 Tacrolimus + azathioprine, n (%) 1 (0.3) 1 (0.3) 0

Recovery graft function* (days), med [min – max] 3.0 [0–64.0] 4 [0–64] 3 [1–19] <0.001

BMD, bone mineral density; BMI, body mass index; BP, bisphosphonate; ESA, erythropoiesis-stimulating agent; ESW, early steroid withdrawal; 
FUEF, fracture of the upper end of the femur; GFR, glomerular filtration rate; HPT, hyperparathyroidism; IVIg, intravenous immunoglobulins; MMF, 
mycophenolate mofetil; OSR, other steroid regimens; PRA, panel-reactive antibody; PTH, parathyroid hormone.
*Number of days between kidney transplantation and serum creatinine <30 mg/day.

Table 1. (Continued)
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and was most evident in women over 60 
(p = 0.008), men under 60 (p < 0.001), and 
patients without ABD (p < 0.001) (Table 3).

In the OSR group, the proportions of patients 
with normal BMD, osteopenia, or osteoporosis 
did not change greatly between M1 and M12. In 
the ESW group (in which the patients did not 
receive bisphosphonate), the proportion of osteo-
porotic patients fell from 10.5% upon transplan-
tation to 0% at M12. Furthermore, the percentage 
of patients in the ESW group with normal BMD 
increased from 33.3% to 54.4%, and the percent-
age with osteopenia decreased from 56.2% to 
45.6% (Figure 2). There were no incident frac-
tures in the ESW group (Table 4).

During the 12-month follow-up period, the inci-
dent fracture rate in the OSR group was 13.5 per 
1000 person-years.

Comparison of BMD values in the ESW and  
OSR groups
In the primary analysis at M12, patients in the 
ESW had a significantly greater increase in BMD 
at (i) the lumbar spine (0.036 g/cm2 (p < 0.001), 
corresponding to a T-score gain of 0.299 (p < 0.001), 
particularly in women, men under 60, and 
patients without ABD), and (ii) the femoral neck 

(0.020 g/cm2 (p = 0.035), corresponding to a 
T-score gain of 0.121 (p = 0.013), particularly in 
men under 60 and patients without ABD), relative 
to patients in the OSR group (Table 5).

The results of the sensitivity analyses were con-
sistent with the results of the primary analysis 
(Supplemental Tables S4–S7).

Comparison of complications in the ESW and 
OSR groups
There was no intergroup difference in the inci-
dence of viral or bacterial infections during the 
study period. However, 1 year after transplanta-
tion, cardiovascular risk factors were more 
prominent in the OSR group. Relative to 
patients in the ESW group, patients in the OSR 
group (i) were more likely to have high blood 
pressure (11.7 versus 40.2%, respectively; 
p < 0.001), and (ii) displayed a greater increase 
in serum triglyceride levels (+9.7 ± 118.6 mg/dl 
versus −37.2 ± 177.9 mg/dl, respectively, p = 0.004). 
Likewise, the proportion of patients with cardio-
vascular events (arterial thrombosis of the lower 
limbs and myocardial infarction) was higher in 
the OSR group (2.5%) than in the ESR group 
(0%), although the intergroup difference was not 
significant (Table 4). These results were consist-
ent when comparing patients with initial ESW 

Figure 2. Prevalence of normal BMD, osteopenia, and osteoporosis at M1 and at M12 in recipients in the OSR 
group (a) and the ESW group (b).
BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; ESW, early steroid withdrawal; OSR, other steroid 
regimens.
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with or without steroids resumption and those 
with initial long-term steroid therapy (Table S8).

At M0, the ESW (with or without steroids 
resumption) and OSR groups did not differ sig-
nificantly with regard to the acute graft rejection 
rate (8.2% versus 5.5% respectively, p = 0.437). 
Likewise, the two groups did not differ signifi-
cantly with regard to the appearance of DSAs 
during the study period (5.9% in the ESW group 
versus 2.6% in the OSR group; p = 0.167) or the 
change in kidney graft function (measured as the 
serum creatinine level) (Table S8).

Discussion
The primary objective of the present study was to 
evaluate the putative beneficial effects of ESW on 
the gain in BMD during the year following kid-
ney transplantation. Whereas most published 
studies of ESW have focused on cardiovascular 
complications, the present study is the first to 
have evaluated the change in BMD during the 
12 months following kidney transplantation in 
patients with ESW versus patients with other ster-
oid regimens. Our results evidenced a significant 
increase (by about 0.04 g/cm2, +4.2%) in BMD 
at the lumbar spine and the femoral neck; this 
corresponds to a T-score gain of about 0.3 in the 
ESW group (particularly in men under 60 and 
patients without ABD), relative to the OSR 
group. Moreover, the percentage of patients in 
the ESW group with normal BMD had increased 
by 21.1 percentage points 1 year after kidney 
transplantation and the proportion of patients 
with osteopenia decreased by 10.6 percentage 
points. None of the patients in the ESW group 
had osteoporosis at M12, despite the absence of 
specific anti-osteoporotic treatments (whereas 
10.5% of patients in this group had densitometri-
cally confirmed osteoporosis at M1).

In addition to treating any osteoporosis-inducing 
diseases present (such as hypogonadism), or with-
drawing any medications that induce bone loss 
(such as steroids), only specific anti-osteoporotic 
drugs can produce an increase in BMD. Indeed, 
in a recent meta-analysis including 18 rand-
omized controlled trials with a total of 1200 kid-
ney recipients with long-term steroid therapy 
(median follow up of 12 months), bisphospho-
nate plus calcium and/or vitamin D revealed a 
significant gain in percent BMD change than cal-
cium and/or vitamin D alone at the femoral neck 
(mean difference, 5.83, 95% credible interval, Ta
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1.61–9.27) and at the lumbar spine (mean differ-
ence, 5.48, 95% credible interval, 2.57–8.42).43 
Thus, in our population, ESW had much the 
same positive effect on BMD as specific anti-
osteoporotic treatments do in kidney recipients 
with long-term steroid therapy. The spontane-
ous BMD gain observed in our ESW group 
might be related to the restoration of normal 
calcium, phosphate and calcitriol levels and the 
absence of the steroids’ harmful effects on bone. 
Indeed, low BMD in patients with end-stage 
renal disease and renal osteodystrophy (i.e. 
osteitis fibrosa as a result of hyperparathy-
roidism, osteomalacia or ABD) is due to per-
turbed calcium, phosphate and calcitriol levels;44 
however, these variables normalize within 

3–12 months of transplantation.45,46 Nevertheless, 
two of the patients had a PTH value at M12 
below the assay’s limit of detection (4.6 pg/ml); 
there were few changes in these variables during 
this time frame.

In the present study, the patients with OSR dis-
played a decrease in BMD at all three measure-
ment sites 1 year after transplantation; this was 
probably linked to the ongoing steroid therapy. In 
the literature, the post-transplantation decrease in 
BMD in patients receiving long-term steroid 
therapy is mainly attributed to the cumulative 
dose of corticosteroids. In an Indian study, 
there was a significant post-transplantation 
decrease in lumbar spine BMD at 3 months 

Table 4. Complications after kidney transplantation.

OSR n = 296 ESW n = 60 p value

Infections, n (%) 189 (63.9) 34 (56.7) 0.308

 Viral infections, n (%) 112 (37.8) 19 (31.7) 0.383

  BKV, n (%) 34 (11.5) 11 (18.3) 0.199

  CMV, n (%) 61 (20.6) 4 (6.7) 0.009

  EBV, n (%) 3 (1.0) 2 (3.3) 0.199

  HSV, n (%) 12 (4.1) 1 (1.7) 0.704

 VZV, n (%) 4 (1.4) 0 1.000

 Bacterial infections, n (%) 126 (42.6) 20 (33.3)  

Cardiovascular risk factors

 Uncontrolled or new-onset diabetes mellitus, n (%) 87 (29.4) 15 (25.0) 0.535

 Uncontrolled arterial hypertension, n (%) 119 (40.2) 7 (11.7) < 0.001

 Uncontrolled dyslipidemia, n (%) 130 (43.9) 14 (23.3) 0.004

 Changes in lipid variables between M0 and M12

  Total cholesterol (mg/dl), m ± SD +75.0 ± 170.0 +25.0 ± 130.0 0.038

  LDL-c (mg/dl), m ± SD +53.0 ± 120.0 +36 ± 100 0.326

  HDL-c (mg/dl) +22.0 ± 50.0 +9 ± 24.0 0.065

  Triglycerides (mg/dl) +13 ± 130.0 –43.0 ± 175.0 <0.001

 Change in BMI between M0 and M12 (kg/m2), m ± SD +0.74 ± 3.0 +0.06 ± 2.33 0.106

Cardiovascular event, n (%) 7 (2.4) 0 0.607

Incident osteoporotic fractures, n (%) 4 (1.4) 0 1.000

BKV, BK virus; CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex virus; VZV, varicella zoster virus.
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Table 5. BMD and T-scores variations (IPTW, main analysis).

Change in BMD (g/cm2) p value Change in T-score p value

Lumbar spinea, ref. = OSR (n = 296)

 All (ESW, n = 60) +0.036 <0.001 +0.299 <0.001

 Female (ESW, n = 14) +0.042 <0.001 +0.233 0.007

 <60 (ESW, n = 6) +0.032 0.017 +0.132 0.197

 >60 (ESW, n = 8) +0.053 0.021 +0.440 0.031

 Male (ESW, n = 46) +0.033 <0.001 +0.971 <0.001

 <60 (ESW, n = 31) +0.047 < 0.001 +0.451 <0.001

 >60 (ESW, n = 15) +0.012 0.539 +0.250 0.117

 ABD (ESW, n = 11) +0.013 0.485 +0.107 0.532

 No ABD (ESW, n = 49) +0.036 <0.001 +0.309 <0.001

Femoral neckb, ref. = OSR (n = 296)

 All (ESW, n = 60) +0.020 0.022 +0.121 0.048

 Female (ESW, n = 14) –0.020 0.087 –0.185 0.062

 < 60 (ESW, n = 6) –0.026 0.084 –0.226 0.067

 > 60 (ESW, n = 8) –0.019 0.574 –0.133 0.639

 Male (ESW, n = 46) +0.036 0.002 +0.245 0.008

 < 60 (ESW, n = 31) +0.062 <0.001 +0.351 0.005

 > 60 (ESW, n = 15) –0.027 0.141 –0.001 0.998

 ABD (ESW, n = 11) +0.022 0.091 +0.176 0.044

 No ABD (ESW, n = 49) +0.028 0.008 +0.141 0.048

Total hipc, ref. = OSR (n = 296)

 All (ESW, n = 60) +0.004 0.591 +0.070 0.077

 Female (ESW, n = 14) –0.044 <0.001 –0.281 <0.001

 <60 (ESW, n = 6) –0.051 <0.001 –0.321 <0.001

 >60 (ESW, n = 8) –0.046 0.010 –0.249 0.022

 Male (ESW, n = 46) +0.017 0.060 +0.166 <0.001

 <60 (ESW, n = 31) +0.021 0.083 +0.270 <0.001

 >60 (ESW, n = 15) +0.012 0.288 –0.026 0.730

 ABD (ESW, n = 11) +0.013 0.312 +0.081 0.396

 No ABD (ESW, n = 49) +0.016 0.027 +0.102 0.019

ABD, adynamic bone disease; BMI, body mass index; ESW, early steroid withdrawal; OSR, other steroid protocols; PS, propensity score; PTH, parathyroid 
hormone.
aVariables included in the PS (influencing changes in the lumbar spine BMD; exclusion of counterfactuals was not necessary): age, BMI at M0, change in BMI, 
a history of autoimmune disease or primary, immunosuppressive maintenance therapy, blood calcium at M0, osteocalcin at M0, PTH at M0 and M12, 25 (OH) 
vitamin D3 at M0 and M12, blood creatinine at M12, prior calcium, erythropoiesis-stimulating agent or cinacalcet intake, calcium or bisphosphonate intake 
during the study period, donor age and sex, deceased donor, uncontrolled arterial hypertension, uncontrolled dyslipidemia, bacterial infection, cross-match 
results, warm ischemia time.
bVariables included in the propensity score (influencing changes in the femoral neck BMD; exclusion of counterfactuals was not necessary): age, BMI, a 
history of primary or secondary hyperparathyroidism, smoking, etiology of the chronic kidney disease, PTH at M0 and at M12, osteocalcin at M0, PAO at M0, 
cross-match results, bacterial infection, uncontrolled or new-onset diabetes mellitus during the study period, uncontrolled dyslipidemia during the study 
period, donor age, erythropoiesis-stimulating agent intake, deceased donor.
cVariables included in the propensity score (influencing changes in the total hip BMD, exclusion of counterfactuals was not necessary): age, sex, race, change 
in BMI, induction therapy (basiliximab and thymoglobulin), PTH at M0, osteocalcin at M0, PAO at M0, blood calcium at M0, prior vitamin D intakes, vitamin 
D intake during the study period, donor age, deceased donor, acute graft rejection, time on hemodialysis before transplantation, uncontrolled arterial 
hypertension and dyslipidemia during the study period.
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(11.8%, p < 0.0001) and 6 months (16%, 
p < 0.0001).47 In a study in the United States, 
Julian et  al. reported bone losses of 6.8 ± 5.6% 
and 8.8 ± 7.0% at the lumbar spine respectively 6 
and 18 months after transplantation.16 Similar 
losses have been observed at the hip 5 months 
after kidney transplantation.15 Other risk factors 
have been identified, including the time on dialy-
sis prior to transplantation, age at transplanta-
tion, vitamin D deficiency, and a low body mass 
index (<23 kg/m2).18,19

Calcitriol [1,25(OH)2D3] regulates calcium 
homeostasis and bone cell differentiation,48 and 
its deficiency leads to osteoporosis through an 
increase in PTH levels.49 Glucocorticoids also 
lead to osteoporosis by decreasing intestinal cal-
cium absorption, increasing the urinary excretion 
of calcium, enhancing bone resorption, and 
decreasing bone formation.50 Furthermore, the 
use of corticosteroids contributes to low serum 
levels of 25(OH) vitamin D.51 Hence, vitamin D 
prophylaxis might be more effective in patients on 
long-term steroid therapy; however, the risk of 
associated hypercalcemia and hypercalciuria 
through excessive calcium and vitamin D supple-
mentations should also be considered.52

It has been firmly established that the fragility 
fracture risk is correlated with BMD.53,54 Indeed, 
in postmenopausal women, there is a continuum 
between the BMD decrease and the fracture risk, 
with no threshold value: the fracture risk is multi-
plied by a factor of two for a one SD decrease in 
the BMD T-score.24 Our present results evi-
denced significant BMD T-score gains for the 
lumbar spine and the femoral neck (~0.3 and 
~0.2, respectively), which suggest that the frac-
ture risk is lower in the patients with ESW. In 
fact, none of the patients in the ESW group suf-
fered a fragility fracture. In contrast, four patients 
in the OSR groups suffered a fragility fracture (L3 
vertebrae, the hip, a rib, and the scapula glenoid), 
corresponding to an incidence of 13.5 fractures 
per 1000 person-years. This intergroup difference 
in fracture incidence was not statistically signifi-
cant – probably due to the small number of 
events. Longer-term follow up would be required 
before firm conclusions can be drawn in this 
respect. In a recent, prospective, observational 
study of 518 kidney transplant recipients with an 
average follow-up period of 5.2 years, Evenepoel 
et  al. found a fracture incidence of 14.2 per 
1000 person-years – much the same value as in 
the present study.55 Moreover, Evenepoel et  al. 

found an association between incident fractures 
on one hand and BMD at the lumbar spine and at 
the femoral neck on the other.55

To the best of our knowledge, only one study [a 
single-center study of 259 patients, including 75 
(29%) with ESW] has evaluated the impact of 
ESW on BMD. Segaud et al. evidenced a signifi-
cant increase in BMD at the lumbar spine 
(+3.1 ± 5.6%, p < 0.001), the femoral neck 
(+3.2 ± 7.3%, p < 0.0001) and the total hip 
(+4.1 ± 6.9%, p < 0.0001) in patients with ESW 
between 9 and 24 months after kidney transplan-
tation, with greater gains in patients treated with 
bisphosphonates.56 One of the main limitations of 
Segaud et al.’s study was the absence of a DXA 
assessment before or following kidney transplan-
tation. This lack of data prevented the researchers 
from estimating the BMD variation in the year 
following transplantation – a period during which 
the fracture risk appears to be higher.57 
Furthermore, Nikkel et  al.’s study of a large 
American cohort of kidney recipients found that 
corticosteroid withdrawal was associated with a 
31% reduction in the fracture risk [hazard ratio: 
0.69; 95% confidence interval (CI): 0.59–0.81], 
which also suggests that ESW has a beneficial 
positive effect on bone.58 However, the latter 
study had a number of limitations because it was 
based on a registry and claims data: the docu-
mentation of osteoporosis risk factors was not 
exhaustive, and it was not possible to distinguish 
between traumatic fractures and fragility frac-
tures. Moreover, Nikkel et al.’s study population 
was younger than our population, and contained 
more women and more black recipients. Lastly, 
the study period was different: the patients had 
undergone kidney transplantation between 2000 
and 2006.58

Along with positive effects on bone, ESW was 
associated with a reduction in several cardiovas-
cular risk factors in our study population. Indeed, 
patients in the ESW group were less likely to have 
uncontrolled arterial hypertension at M12, and 
had a significantly lower serum triglyceride level 
and significantly greater weight gain. Multicenter 
studies with long follow-up periods (3 and 5 years) 
have shown that steroid withdrawal is associated 
with a reduction in cardiovascular risk factors 
(hyperlipidemia, hypertension, and diabetes mel-
litus) and provides similar long-term outcomes 
for renal allograft survival and function.6,8 In the 
present study, ESW group experienced more 
acute graft rejections (6.7% in the ESW group 
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versus 4.7% in the OSR, p = 0.766) and more 
appearance of DSAs during the study period 
(6.7% in the ESW group versus 1.9% in the OSR 
group; p = 0.099) even if the two groups did not 
differ significantly.

One of the main strengths of our study was its 
exhaustive documentation of osteoporosis risk 
factors, which thus limited confounding bias. 
Indeed, age, sex, body mass index, previous fra-
gility fractures, glucocorticoid use, secondary 
osteoporosis (i.e. a history of diabetes mellitus, 
osteogenesis imperfecta, hyperparathyroidism, or 
hypogonadism), rheumatoid arthritis, a history of 
hip fracture in the parents, current cigarette 
smoking, alcohol intake, and low femoral neck 
BMD are the risk factors used in a fracture risk 
assessment tool for predicting the 10-year major 
osteoporotic fracture rate (vertebrae, the hip, the 
forearm, and the proximal humerus).59 Moreover, 
other risk factors associated with low BMD or a 
high fracture risk in kidney transplant recipients 
(i.e., duration of dialysis before transplantation 
and vitamin D deficiency) were exhaustively doc-
umented.18,19 Another strength of our study 
relates to the use of IPTW; this approach enables 
observational studies to be designed in much the 
same way as randomized controlled trials, and 
thus reduces residual confounding bias and mis-
classification bias.36

The main limitations of our study are related to 
the small number of incident fractures, which 
probably prevented us from observing intergroup 
differences. Despite the small number of patients 
in the ESW group, our data highlighted a signifi-
cant BMD gain at the lumbar spine and the femo-
ral neck in patients with ESW, and thus suggest 
that ESW has a positive effect on BMD in kidney 
transplant recipients, especially since patients in 
the ESW group were exposed to a higher risk of 
osteoporosis. Furthermore, our follow-up period 
may have been too short for an adequate investi-
gation of the fracture risk in this population. Pre-
transplant DXA data could not be exploited 
because (i) they were not collected systematically 
during the dialysis period, and (ii) even when they 
were available, the time interval between the 
DXA assessment and transplantation was very 
variable. Nevertheless, we consider that the BMD 
at M1 post-transplantation was probably similar 
to the value at M0 at the time of transplantation 
because (i) it is known that PTH, phosphate, cal-
cium, calcitriol, and FGF-23 levels stabilize within 

3 to 12 months of transplantation45,46 and (ii) cor-
ticosteroid-induced bone loss appears to peak 
3–6 months after the initiation of treatment.60,61 
Alternatively, and considering the broad age range 
in our population (77 of the patients were under 
the age of 40), a Z-score could have been used but 
these data were frequently missing. Given that the 
DXA data were collected mainly from consulta-
tion reports, the Z-score was (unlike the T-score) 
rarely reported – probably because it is not 
intended for the diagnosis of osteoporosis in 
adults.62 Furthermore, several other risk factors 
for osteoporosis (such as the lack of physical activ-
ity or late puberty) could not be taken into account 
because of the study’s retrospective design. 
Moreover, ESW and OSR patients had the same 
steroid induction therapy, that could explain a 
similar deleterious effects of this on BMD at M1 
(BMD at M1 was similar between groups). Lastly, 
this was a single-center study, with all the inherent 
limitations; however, bone density was always 
evaluated with the same device, and thereby made 
our intergroup comparisons more robust.

Conclusion
In a study of a cohort of kidney transplant recipi-
ents, we found that ESW was associated with a 
spontaneous increase in BMD at 12 months post-
transplantation (relative to patients on long-term 
steroid therapy). The BMD gain appeared to be 
linked to a lower fracture risk, although firm con-
clusions on this matter would require a longer 
follow-up period.
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