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ABSTRACT

Background. The risk of fragility fractures is high in kidney transplant recipients, and steroids are reportedly a major
cause. Other drugs known to induce fragility fractures have been studied in the general population but not in kidney
transplant recipients. Here, we investigated the association between exposure over time to drugs that can injure bone
(namely vitamin K antagonists, insulin, loop diuretics, proton pump inhibitors, opioids, selective serotonin reuptake
inhibitors, antiepileptics and benzodiazepines) and incident fractures and changes over time in T-scores in this
population.

Methods. A total of 613 consecutive kidney transplant recipients were included between 2006 and 2019. Drug exposures
and incident fractures during the study period were comprehensively documented, and dual-energy X-ray
absorptiometry was performed regularly. The data were analyzed using Cox proportional hazards models with
time-dependent covariates and linear mixed models.

Results. Incident fractures occurred in 63 patients, giving a fracture incidence of 16.9 per 1000 person-years. Exposures
to loop diuretics [hazard ratio (95% confidence interval) 2.11 (1.17-3.79)] and opioids [5.94 (2.14-16.52)] were associated
with incident fractures. Exposure to loop diuretics was associated with a decrease over time in the T-score for the
lumbar spine (P = .022) and for the wrist (P = .028).

Conclusions. This study suggests that the exposure to loop diuretics and opioids increases the risk of fracture in kidney
transplant recipients.
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LAY SUMMARY

Kidney transplant recipients have an elevated risk of fragility fracture, which leads to higher morbidity and mortality
rates. Several fracture risk factors have been identified, including steroid exposure. Other drugs known to induce
fragility fractures have been studied in the general population but not in kidney transplant recipients. Here, we
studied several classes of drugs that can induce fragility fractures and are likely to be frequently used in kidney
transplant recipients, namely vitamin K antagonists, insulin, loop diuretics, proton pump inhibitors, opioids, selective
serotonin reuptake inhibitors, antiepileptics and benzodiazepines. We found that exposures to loop diuretics, vitamin
K antagonists and opioids were associated with prevalent osteoporotic fractures in our cohort of kidney transplant
recipients. Our findings might prompt changes in practice and thus improved quality of life in this patient population.
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Drugs associated with incident fragility fractures

in kidney transplant recipients

The risk of fractures is high in kidney transplant recipients (KTRs), and steroids are reportedly a major cause.
Other drugs can harm bone in the general population and have not been studied in KTRs. Here, we investigated the association
between exposure over time to drugs that can injure bone and incident fractures and changes over time in T-scores in KTRs.

Methods

Results

Retrospective cohort study

' 613 kidney transplant recipients

Follow-up: 4.6 [2.7-10.0] years

% 2 63 KTRs had at least one incident fracture —+16.9 fractures per 1000 person-years.

Exposures to loop diuretics and opioids were associated with incident fractures.

Crude model

Adiusted dalc* *
|

Drug exposures investigated:

——
Drug exposure N (%)* HR [95% CI] P-value | aHR [95% CI] P-value
Loop diuretics —=— 280 (45.7)| 2.36[1.41-395] 0.001 |2.11[117-3.79]  0.013
Opioids 75(12.2) 3.24[1.35-7.80] 0.008 5.94[2.14-16.52] 0.001

loop diuretics, opioids, vitamin K 73
antagonists, benzodiazepines,
insulin, antiepileptics, serotonin
reuptake inhibitors, proton pump

-

&

*Number of patients with at least one exposure fo the drug of interest

**Cox proportional hazards models with time-dependent covariates and adjusted for inverse probability of treatment weighting (based on a propensity score
including characteristics associated with incident fractures, i.e. age, sex, body-mass index, ethnic group, thyroid disorders, diabetes mellitus, time on hemodialysis
before transplantation prior fracture, serum phosphate, bone alkaline phosphatase, and parathyroid hormone)

9 12 15 18

inhibitors

« Outcomes:
@ * Incident fractures
* Changes in T-scores

Conclusion: This study suggests that the exposure to loop diuretics and opioids

increases the risk of fracture, and the exposure to loop diuretics decreases bone
mineral density over time in KTRs.

Keywords: CKD-MBD, drugs, fracture, kidney transplantation

Exposure to loop diuretics was associated with a decrease over
time in the T-score for the lumbar spine and for the distal radius
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INTRODUCTION

Osteoporosis is a whole-body skeletal disease that alters the
bone microarchitecture and increases the risk of a fracture [1].
Many risk factors for osteoporosis have been identified in the
general population. Some are modifiable [such as smoking, alco-
hol consumption, sedentary lifestyle and low body mass index
(BMI)] and some are not [e.g. sex, age, previous fractures, a family
history of osteoporosis, endocrine diseases (Cushing’s disease,
hypogonadism, hyperparathyroidism and thyroid disorders)
and chronic inflammatory diseases (particularly rheumatoid
arthritis)] [2]. Furthermore, a number of drug classes are known
to increase the risk of osteoporosis and thus fractures; they
primarily include steroids, gonadotropin-releasing hormone
analogs, anti-aromatases, androgen receptor blockers, thyroid

hormones, proton pump inhibitors (PPIs), thiazolidinediones,
vitamin K antagonists (VKAs), heparins, loop diuretics, anti-
depressants [particularly selective serotonin reuptake inhibitors
(SSRIs)], benzodiazepines, protease inhibitors, nucleoside and
nucleotide reverse transcriptase inhibitors, antiepileptics, in-
sulin, and opioids [3].

The vast majority of kidney transplant recipients suffer from
chronic kidney disease-mineral and bone disorders (CKD-MBD),
as characterized by a range of histological bone lesions referred
to collectively as renal osteodystrophy, which develops before
transplantation, alters the bone microarchitecture and may in-
crease the risk of fracture [4]. These lesions include osteoporosis,
fibrous osteitis [characterized by a high degree of bone turnover
and high circulating levels of parathyroid hormone (PTH)], and



adynamic bone disease (ABD, characterized by a low degree of
bone turnover and low circulating levels of PTH) [5]. Further-
more, the most frequently reported risk factors for incident
fragility fractures in kidney transplant recipients are older age,
female sex, a low BMI at the time of transplantation, prior frac-
ture, a low bone mineral density (BMD) at the time of transplan-
tation, diabetes mellitus at the time of transplantation, a seden-
tary lifestyle, time on dialysis before transplantation, the urine
protein-to-creatinine ratio at the time of transplantation, the eti-
ology of CKD (namely glomerulonephritis and hypertension) and
HLA-DR mismatch [6]. Steroids are the main drugs associated
with the occurrence of fractures and the decrease in BMD in the
first few years after kidney transplantation [7, 8]. In the general
population, the use of other drugs might be associated with frac-
tures, through a direct, weakening effect on bone or an indirect
effect through hypotension and thus a greater risk of falls. How-
ever, with the exception of steroids, the drugs that might induce
fragility fractures in kidney transplant recipients have not been
studied.

Hence, the primary objective of the present study was to
investigate the possible association between incident fragility
fractures following kidney transplantation and exposure to drug
classes that are (i) known to induce osteoporosis in the general
population and (ii) frequently prescribed (in addition to steroids)
after kidney transplantation (namely VKAs, insulin, loop diuret-
ics, PPIs, opioids, SSRIs, antiepileptics and benzodiazepines). The
secondary objective was to investigate the possible association
between changes over time in T-scores and exposure to drug
classes associated with incident fractures.

MATERIALS AND METHODS
Study design and participants

We performed a retrospective, longitudinal study of a cohort of
adult patients (aged 18 years and over) having undergone kidney
transplantation at Amiens University Medical Center (Amiens,
France) between 1 January 2006 and 31 December 2019. The
study end date was 31 October 2021, or (for kidney transplant
recipient patients having resumed dialysis) the dialysis resump-
tion date. On the transplantation day, the patients underwent
an extensive laboratory workup including serum calcium, phos-
phate, 25(0OH) vitamin D, osteocalcin, bone alkaline phosphatase
(BAP) and PTH assays. The post-transplantation follow-up was
standardized: extensive medical check-ups were performed
1 month and 4 months after transplantation and then annually.
At each check-up, all medical events having occurred since the
previous check-up were exhaustively documented. One month
after transplantation, 1 year after transplantation and then ev-
ery 2 years, each patient underwent a computed tomography
(CT) scan of the abdomen and pelvis and dual-energy X-ray
absorptiometry (DXA). The same bone densitometry system
(Discovery System, Hologic Inc., Waltham, MA, USA) was used for
all DXA measurements. Lastly, the patients could consult their
usual nephrologist between scheduled study visits, if needed.

Inclusion criteria and the end of follow-up

Kidney transplant recipients were included if they had at least
1 year of dialysis-free follow-up after kidney transplantation.
We considered that a minimum follow-up period of 1 year
would be needed to observe the primary endpoint (fracture)
and secondary endpoint (changes in DXA parameters), and that
prolonged exposure to the drugs of interest would have an im-
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pact on bone health. Since the present study focused on kidney
transplant recipients with a functional graft, resumption of
dialysis in the year following transplantation was an exclusion
criterion. For patients who resumed dialysis more than 1 year
after transplantation of follow-up, the date of dialysis resump-
tion was taken as the follow-up end date. In order to avoid issues
in the statistical analyses, a patient having undergone kidney
transplantation several times during the study period could
not be included several times—only the first transplantation
was considered, if it had happened more than a year before
dialysis resumption. If the first transplantation did not meet
these inclusion criteria, the next one that did was considered.
Furthermore, patients having undergone kidney transplantation
several times (including one or more transplantation prior to
the study period and one or more transplantation during the
study period) could be included. Using the same reasoning as
above, these patients were included if a transplantation during
the study period met the inclusion criteria (i.e. more than a year
between the transplantation and the resumption of dialysis).

Collected data

The variables recorded at baseline included osteoporosis risk
factors (age, sex, BMI, ethnic group, alcohol consumption,
smoking, thyroid disorders, rheumatoid arthritis, other au-
toimmune/inflammatory diseases, diabetes mellitus, primary
and secondary hyperparathyroidism, sedentary lifestyle, and
previous vertebral and non-vertebral fractures), arterial hy-
pertension, dyslipidemia, any history of cardiovascular events,
data related to CKD and transplantation [the etiology of CKD,
any previous transplantations, time on hemodialysis before
transplantation, preemptive transplantation, peak panel-
reactive antibodies (PRAs), donor-specific antibodies (DSAs),
crossmatching results and induction therapy|, and laboratory
variables [serum calcium, phosphate, BAP, osteocalcin, PTH and
25(0H) vitamin D for all recipients, and creatinine for recipients
having undergone preemptive transplantation only].

The variables recorded during the follow-up (from the trans-
plantation date to the end date) included drug exposure, in-
cident fractures and DXA data. Data on all prescription drugs
(whether prescribed by a nephrologist or not) were extracted
from the patient’s medical records (a computerized prescription
form, in the vast majority of cases): drug classes, and start and
end dates for steroids, VKAs, insulin, loop diuretics, PPIs, opioids,
SSRIs, antiepileptics, benzodiazepines, vitamin D, calcium and
bisphosphonates. When a patient had received the same drug
class intermittently during the follow-up, all periods of drug ex-
posure were documented.

Fractures were documented from medical records and from
CT scans of the abdomen and pelvis. Previous fractures were
defined as those having occurred before transplantation. Thus,
if a fracture was reported in the patient’s medical records be-
fore transplantation and/or the last CT scan performed before
transplantation, it was classified as a previous fracture. Incident
fractures were defined as those having occurred after transplan-
tation. Thus, if a fracture was reported in a patient’s medical
records (from each annual, extensive medical check-up, each in-
termediate medical consultation and each hospital stay) during
the follow-up period or was detected on CT scans after trans-
plantation (performed 1 month, 1 year and then every 2 years
after transplantation), it was classified as an incident fracture.
Non-vertebral fractures (most of which were symptomatic) were
exclusively documented from medical records. Since vertebral
fractures can have mild symptoms and therefore not always
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detected, they were documented from both CT scans and med-
ical records. Hence, vertebral fractures observed on CT scans
were detected in two ways. First, radiology reports were re-
viewed, fractures detected and reported by radiologists were sys-
tematically reported in medical records. Secondly, the last CT
scan performed before transplantation and all the CT scans per-
formed after transplantation were reviewed by three rheumatol-
ogists (B.B., A.S. and C.P)). These CT scans were reviewed because
they were prescribed as morphologic assessments for the trans-
plantation and then as assessments for the detection of neopla-
sia of the abdomen and native kidneys, rather than as a screen
for a vertebral fracture, and it is well known that radiologists
frequently miss or do not report vertebral fractures when imag-
ing is requested for a different clinical indication [9]. There were
no disagreements between the three rheumatologists with re-
gard to the detection of vertebral fractures on the CT scans, and
there were no chronological ambiguities (i.e. the three rheuma-
tologists always agreed on whether a vertebral fracture have oc-
curred before or after transplantation).

T-scores for the lumbar spine (from vertebra L1 to vertebra
L4), total hip and wrist (i.e. the distal radius) were collected from
the DXA measurements performed 1 month, 1 year and then ev-
ery 2 years after transplantation. Unfortunately, DXA data were
not available between 2006 and 2010; this prevented us from
evaluating the study’s secondary endpoints in a portion of the
study population. Unlike the T-scores, Z-scores were not well
documented in the medical records, and we did not have di-
rect access to DXA data. It would have been more appropri-
ate to study Z-scores than T-scores—especially for changes over
time—because the Z-score is the number of standard deviations
(SDs) between the subject’s BMD value and the mean value for
adults of the same sex and age. The T-score is the number of
SDs between the subject’s BMD value and the average value for
20-year-old adults of the same sex. Hence, in non-menopausal
women and men younger than 50 years old, the Z-score should
be used [1, 10]. Given the absence of Z-score data, we neverthe-
less studied the T-score data.

Assays of serum PTH, 25(0OH) vitamin D, bone alkaline
phosphatases and osteocalcin

Serum PTH levels were evaluated in a chemiluminescent
whole PTH immunoassay (ADVIA Centaur PTH from Siemens
Healthcare Diagnostics SAS; intra-assay coefficient of variation:
<2.05%; inter-assay coefficient of variation: <4.04%; limit of de-
tection: 4.6 pg/mL), according to the manufacturer’s instructions.
Serum 25(0OH) vitamin D was assayed using an ELISA (assay
kit total Vitamin D-ADVIA Centaur from Siemens Healthcare
Diagnostics SAS; intra-assay coefficient of variation: <9.79%;
inter-assay coefficient of variation: <7.32%; limit of detection:
4.20 ng/mL). Bone alkaline phosphatase and osteocalcin were
assayed using the Liaison-XL system from DiaSorin SA (intra-
assay coefficients of variation: <2.16% and <4.99% for serum
bone alkaline phosphatase and osteocalcin, respectively; inter-
assay coefficients of variation: <4.19% and <5.33%, respectively;
limit of detection: 3.0 £g/L and 1.5 ng/mL, respectively). The as-
say methods were the same throughout the study period.

Immunosuppressive regimens

Since March 2016, kidney transplant recipients with a low im-
munological risk (defined as a peak panel-reactive antibody
<20%) being treated in the Department of Nephrology at Amiens
University Medical Center have discontinued their corticos-

teroid treatment on Day 7 post-transplantation. The treatment
consisted of a bolus of methylprednisolone (500 mg) at the time
of transplantation, followed by oral prednisolone (20 mg/day for
4 days and then 10 mg/day for 3 days). The patients had received
induction therapy with basiliximab and maintenance therapy
with mycophenolate mofetil plus tacrolimus or mycopheno-
late mofetil plus cyclosporine, depending on the risk of devel-
oping type 2 diabetes mellitus or exacerbating preexisting di-
abetes. These patients could resume corticosteroid therapy for
various reasons. Before March 2016, all patients (regardless of
the immunological risk) received the same long-term corticos-
teroid treatment, consisting of a bolus of methylprednisolone
(500 mg) at the time of transplantation and then oral pred-
nisolone (20 mg/day, with a gradual dose reduction to between
5 and 10 mg/day by Month 3).

Statistical methods

In a descriptive analysis, categorical variables were expressed
as the number (percentage), and continuous variables were
expressed as the mean+SD, the median [interquartile range
(IQR)], or the median (range), depending on the data distribu-
tion. The Shapiro-Wilk test was used to determine whether or
not data were normally distributed. In bivariate analyses com-
paring groups (i.e. with an incident fracture or not), continuous
variables were compared using Student’s t-test or a Wilcoxon’s
rank sum test (depending on the data distribution), and categor-
ical variables were compared using a chi-square test or Fisher’s
exact test. Univariate Cox proportional hazards models were
also used to identify factors associated with incident fractures
(Supplementary data, Table S1).

The proportion of missing data was very low (0.8%) for base-
line serum PTH, osteocalcin, BAP and 25(0OH) vitamin D. In order
to identify patients with ABD, we performed multiple imputa-
tion for these variables with the fully conditional specification
method (10 datasets and 10 iterations), using the patients’ char-
acteristics in Table 1 [11]. The data patterns suggested that the
assumption whereby data were missing at random was plausi-
ble.

Cox proportional hazards models with time-dependent co-
variates were used to assess the associations between incident
fractures and drug exposure. We chose these models because
drug exposure could be discontinuous. Hence, in simple analy-
ses, a Cox proportional hazards model was built for each drug
class of interest and the corresponding exposure periods. The
survival time was right-censored if the event (the fracture) was
not observed in patients still being followed up when the data
were collected, those lost to follow-up, those having resumed
dialysis after 1 year of follow-up or deceased patients. In multi-
variable analyses, each previous model had been fitted with in-
verse probability treatment weighting (IPTW) based on a propen-
sity score (PS). The rationale for using Cox proportional hazards
models fitted with IPTW (rather than osteoporosis and/or frac-
ture risk factors) is that the number of events (fractures) per
predictor variable (osteoporosis and/or fracture risk factors and
drugs of interest) was below 10; this would have caused over-
fitting in the latter model. Another advantage of IPTW is that
the probability distribution for receiving a given drug was sim-
ilar in the weighted population. The PS was calculated using a
logistic regression model. Treatment assignment (the use or not
of each drug of interest) was regressed against baseline vari-
ables associated with fractures (P < .2) and against variables as-
sociated with the use of each drug of interest (P < .2); it is ad-
visable to include covariates with prognostic value (i.e. those
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Table 1. Baseline characteristics of the study population.

No-fracture Imputed
Total, group, Fracture group, data (%),
Baseline characteristics N =613 N =550 N =63 P-value N =613
Osteoporosis risk factors
Age (years) 499 +13.2 48.9 +13.2 58.3 + 10.5 <.001 0
Sex 0
Female 226 (36.9) 195 (35.5) 31 (49.2) 045
Male 387 (63.1) 355 (64.5) 32 (50.8)
BMI (kg/m?) 255+4.2 254 +4.2 26.2+4.3 150 0
Ethnic group 0
Caucasian 574 (93.6) 511 (92.9) 63 (100) .092
Black 37 (6.0) 37 (6.7) 0
Other 2(0.3) 0 0
Alcohol consumption 48 (7.8) 44 (8.0) 4 (6.3) .830 0
Smoking 0
Never 315 (51.4) 278 (50.5) 37 (58.7) .069
Past 171 (27.9) 151 (27.3) 20 (31.7)
Current 127 (20.7) 121 (22. o) 6 (9.5)
Thyroid disorders 35(5.7) 5 (4.5 10 (15.9) <.001 0
Diabetes mellitus 93 (15.2) 82 (14.9) 11 (17.5) 727 0
Rheumatoid arthritis 6 (1.0) 5(0.9) 1(1.6) 1.000 0
Other autoimmune diseases 32 (5.2) 28 (5.1) 4(6.3) .900 0
Sedentary lifestyle 125 (20.4) 108 (19.6) 17 (27.0) 228 0
Previous fracture? 79 (12.9) 65 (11.8) 14 (22.2) .033 0
Vertebral? 25 (4.1) 14 (2.5) 11 (17.5) <.001 0
Non-vertebral® 59 (9.6) 52 (9.5) 7 (11.1) .844 0
Type of baseline renal osteodystrophy
Adynamic bone disease 95 (15.5) 83 (15.1) 12 (19.0) .523 0
Other renal osteodystrophy 518 (84.5) 467 (84.9) 51 (81.0) 0
Other clinical data
Arterial hypertension 524 (85.5) 469 (85.3) 55 (87.3) .807 0
Dyslipidemia 336 (54.8) 298 (54.2) 38 (60.3) 428 0
History of cardiovascular event 154 (25.1) 136 (24.7) 18 (28.6) .608 0
CKD and kidney transplantation data
Etiology of CKD .830 0
Glomerulonephritis 178 (29.0) 164 (29.8) 14 (22.2)
Hereditary disease 114 (18.7) 98 (17.7) 16 (25.4)
Polycystic kidney disease 106 (17.3) 91 (16.5) 15 (23.8)
Renal and urinary tract 70 (11.4) 61 (11.1) 9 (14.3)
malformations
Hypertensive kidney disease 43 (7.0) 38 (6.9) 5(7.9)
Diabetic kidney disease 51 (8.3) 46 (8.4) 5(7.9)
Interstitial nephritis 26 (4.2) 24 (4.4) 2(3.2)
Vascular nephropathy 28 (4.6) 24 (4.4) 4 (6.3)
Indeterminate 72 (11.7) 67 (12.2) 5(7.9)
Other 31(5.1) 28 (5.1) 3 (4.8)
Time on dialysis before transplantation (N =588) 27.5 (N"=529) 26.7 (N"=59) 34.1 .238 0
(months) [16.6-46.7] [16.6-45.9] [17.0-57.3]
Previous kidney transplantation 79 (12.9) 69 (12.5) 10 (15.9) .584 0
Preemptive transplantation 25 (4.1) 21 (3.8) 4 (6.3) .531 0
Peak PRAs 0
<20% 497 (80.9) 441 (80.2) 55 (87.3) 576
20%-80% 81(13.2) 75 (13.6) 6 (9.5)
>80% 35 (5.7) 33 (6.0) 2(3.2)
DSAs 0
No 598 (97.6) 537 (97.6) 61 (96.8) 919
Previous 8(1.3) 7 (1.3) 1(1.6)
Current 7 (1.1) 6(1.1) 1(1.6)
Positive crossmatch 15 (2.4) 14 (2.5) 1(1.6) 971 0
Cinacalcet use before transplantation 128 (20.9) 118 (21.5) 10 (15.9) .385 0
Deceased donor 571 (93.1) 511 (92.9) 60 (95.2) .667 0
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Table 1. Continued

No-fracture Imputed
Total, group, Fracture group, data (%),
Baseline characteristics N =613 N =550 N=63 P-value N =613
Laboratory data at the time of transplantation
Serum calcium (RVs: 84.0-104.4 mg/L) 92.6 £ 8.0 92.6 £84 93.8 + 8.0 .323 0
Serum phosphate (RVs: 24.8-44.9 mg/L) 45.0 + 14.9 453 +14.6 425+ 155 192 0
Bone alkaline phosphatase (RVs: 5.5-24.6 pg/L) 12.3 [8.4-19.8] 12.4 [8.5-19.85] 11.9 [7.9-18.9] .011 13.7
Osteocalcin (RVs: 4.6-65.4 ng/mL) 146 [48.9-333.0] 151 [25.0-336.0] 120 [38.8-321.0] <.001 20.7
PTH (RVs: 18.5-88.0 pg/mL) 177 [26.0-470.0] 190.2 [30.0-475.0] 84 [13.85-356.0] <.001 16.2
25(OH) vitamin D (RVs: 30.0-80.0 ng/L) 30.9 [19.0-41.0] 31 [19-40.6] 28.75 [17.0-45.0] 482 6.7
Serum creatinine in patients with preemptive (N" = 25) (N'=21) (N'=4) .008 0
transplantation (RVs: 6.0-11.0 mg/L) 61.6 + 15.4 64.7 + 14.9 46.8 +£7.9
Induction therapy
Basiliximab 381 (62.2) 340 (61.8) 41 (65.1) 713 0
Thymoglobulin 225 (36.7) 204 (37.1) 21(33.3) 654 0
Vg 17 (2.8) 16 (2.9) 1(1.6) 841 0
Drugs of interest used after transplantation
Steroids® 613 (100) 550 (100) 63 (100) NA 0
VKAsP 105 (17.1) 92 (16.7) 13 (20.6) 424 0
Insulin® 116 (18.9) 107 (19.5) 9 (14.3) 393 0
Loop diuretics® 280 (45.7) 240 (43.6) 40 (63.5) .004 0
PPIsP 591 (96.4) 530 (96.4) 61 (96.8) 1.000 0
Opioids® 75 (12.2) 67 (12.2) 8 (12.7) 1.000 0
SSRIsP 43 (7.0) 38 (6.9) 5(7.9) 923 0
Antiepileptics® 70 (11.4) 63 (11.5) 7 (11.1) 1.000 0
BenzodiazepinesP® 220 (35.9) 193 (35.1) 27 (42.9) 281 0
Vitamin DP 572 (93.3) 514 (93.5) 58 (92.1) 879 0
Calcium® 277 (45.2) 247 (44.9) 30 (47.6) 745 0
Bisphosphonates® 126 (20.6) 105 (19.1) 21(33.3) .013 0

Continuous variables are quoted as the mean + SD or the median [interquartile range], depending on the data distribution, and categorical variables are quoted as the

number (percentage).
2A given patient may have had more than one prior fractures.

bThe number of patients with at least one period of exposure to the corresponding drug.

IVIg, intravenous immunoglobulins; RV: reference values.

related to outcomes, i.e. fractures) and confounding covariates
(i.e. those related to the use of the drugs of interest) [12]. Thus,
12 PSs were produced—one for each drug of interest (steroids,
VKAs, insulin, loop diuretics, PPIs, opioids, SSRIs, antiepileptics,
benzodiazepines, vitamin D, calcium and bisphosphonates). The
PSs were balanced by excluding counterfactuals, when required.
Next, the PS distributions were evaluated using a kernel density
plot (Supplementary data, Fig. S1). Lastly, the balance of each
PS was assessed by examining the standardized mean differ-
ences (Supplementary data, Figs S2-S13). Next, Cox proportional
hazards models with IPTW and time-dependent covariates were
built for each drug of interest. We always checked that the mod-
els’ validity conditions (and the proportional hazards assump-
tion in particular) were met. The main limitation of this ap-
proach is that only one drug class of interest can be included
per model and so only one PS per drug class can be calculated,
this prevented us from building a single Cox proportional haz-
ards model for fitting all drug classes with a significant hazard
ratio (HR). Hence, in a sensitivity analysis, we built a Cox propor-
tional hazards model with drugs as time-dependent covariates
fitted for the more relevant osteoporotic fracture risks (P < .05
in the bivariate comparison of facture and no-fracture groups)
and the drugs of interest with a significant HR (P < .05) in simple
Cox proportional hazards models. In order to limit the number of
variable included in this model and to take account of the renal
osteodystrophy, patients with PTH < 150 pg/mL (positive predic-
tive value for ABD: 97%) and BAP < 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 [13].

Linear mixed models (LMMs) were built to assess the in-
fluence of drugs [with a significant HR (P < .05) in simple Cox
proportional hazards models] on changes over time in T-scores.
A multivariable LMM was built for each of the three T-score
measurement sites (lumbar spine, total hip and wrist). For
each model, within-individual variance and between-individual
variance were estimated using an unstructured matrix with
random intercepts and slopes. To check on the relevance
of using these random effects, we calculating the restricted
maximum likelihood for models with two, one or none of the
effects. The most relevant osteoporosis risk factors (age, sex,
BMI, smoking, alcohol consumption, thyroid disorders, previous
fracture, rheumatoid arthritis, other inflammatory autoimmune
diseases, diabetes mellitus, sedentary lifestyle and the type of
renal osteodystrophy) and drugs with a significant HR (P < .05)
in simple Cox proportional hazards models were considered
as fixed effects in the models. Furthermore, interaction terms
(time x each drug of interest) were created to assess whether
changes over time in T-scores differed significantly as a function
of drug exposure (defined as the duration of exposure to a given
drugs between two documented DXA measurements). Thus,
patients were included in these analyses if they had a DXA mea-
surement 1 month after kidney transplantation and another
during the follow-up period. We checked that the conditions
for a valid LMMs were met, namely the normal distribution of



residuals, the absence of multicollinearity, the normal distri-
bution of random variable variances, and the independence
between random variables and residuals. The LMM results
are expressed as the t-value, which is the ratio between the
coefficient of the regression line and the standard error of
the regression coefficient. This value is used to calculate the
significance of the observed difference with respect to the
degrees of freedom, i.e. the P-value (the probability associated
with the observed difference that determines whether or not
there is a significant difference).

Given their long bone half-life of bisphosphonates and their
prolonged post-treatment effectiveness [14, 15], we considered
that these drugs were effective for 1 year after discontinuation.

Age was included as a binary variable in the multivariable
Cox model. The age cut-off (52.9) was determined using a re-
ceiver operating characteristic curve (sensitivity: 61.3%; speci-
ficity: 73.0%; area under the curve: 70.6%; Supplementary data,
Fig. 514).

All analyses were performed using R software (version 4.0.5,
R Foundation for Statistical Computing, Vienna, Austria).

Ethical aspects

In line with the French legislation on retrospective analyses
of routine clinical practice, patients were not required to give
their informed consent. On admission to hospital, however, pa-
tients could refuse the use of their medical data for research
purposes. The study protocol was approved by an institutional
committee with competency for studies not requiring approval
by an investigational review board and was registered with the
French National Data Protection Commission (Commission Na-
tionale de I'Informatique et des Libertés, Paris, France; reference:
P12019_843_0055).

RESULTS
Study population

Six hundred and thirteen consecutive patients having received a
kidney transplant between 1 January 2006 and 13 February 2019
met the inclusion criteria and so were included in the present
study. Of these, 387 (63.1%) were men. The mean + SD age of the
study population at the time of transplantation was 49.9 +13.2
years. The most common indication for kidney transplantation
was glomerulonephritis (29.0%). Twenty-five (4.1%) recipients
had a preemptive transplantation and 588 (95.9%) were on dialy-
sis before transplantation with a median time [IQR] on dialysis of
27.5 [16.6-46.7] months before transplantation. The mean + SD
serum creatinine level (which is only relevant for preemptive
transplants) was 61.6 & 15.4 mg/L for the 25 recipients concerned
(Table 1).

The median [IQR] length of follow-up was 4.6 [2.7-10.0] years.
Of the 613 recipients, 17.1% were exposed to VKAs, with 18.9%
exposed to insulin, 45.7% to loop diuretics, 96.4% to PPIs, 12.2%
to opioids, 7.0% to SSRIs, 11.4% to antiepileptics and 35.9% to
benzodiazepines; 93.3% were treated with vitamin D, 45.2% were
treated with calcium and 20.6% were treated with bisphospho-
nates. In line with our immunosuppressive regimens, all recip-
ients were exposed to steroids. In univariate analyses (not con-
sidering the duration or moment of exposure), the use of loop
diuretics (43.6% in the no-fracture group vs 63.5% in the fracture
group, P = .004) and the use of bisphosphonates (19.1% in the
no-fracture group vs 33.3% in the fracture group, P = .013) were
significantly associated with prevalent fractures (Table 1).
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Among users of drugs of interest, the median [IQR] duration
of exposure was 51.2 [23.0-99.5] months for steroids, 27.2 [9.4-
48.5] months for VKAs, 35.5 [15.5-68.8] months for insulin, 16.1
[4.0-42.4] months for loop diuretics, 35.6 [12.9-71.9] months for
PPIs, 4.8 [1.5-20.0] months for opioids, 26.3 [12.4-48.0] months
for SSRIs, 21.7 [7.8-48.0] months for antiepileptics, 12.3 [3.0-38.9]
months for benzodiazepines, 44.1 [21.9-85.8] months for vitamin
D, 19.0 [6.0-49.6] months for calcium and 30.3 [18.1-60.8] months
for bisphosphonates.

Sixty-three (10.3%) patients had at least one incident frac-
ture, seven (1.1%) patients had at least two incident fractures
during the study, one patient had three different incident frac-
tures and one patient had six incident fractures at various times.
Overall, 34 (5.5%) patients had at least one vertebral fracture,
and 38 (6.2%) had at least one non-vertebral fracture [including
7 (1.1%) hip fractures]. The median [IQR] time to the first fracture
was 4.0 [1.8-5.1] years. The fracture incidence was 16.9 per 1000
person-years.

Of the 613 recipients, 79 (12.9%) experienced at least one frac-
ture prior to transplantation, and 10 (1.6%) experienced two or
more fractures prior to transplantation. Overall, 25 (4.1%) recipi-
ents had a previous vertebral facture, and 59 (9.6%) had a previ-
ous non-vertebral fracture [including 4 (0.6%) hip fractures].

The baseline characteristics significantly associated with in-
cident fractures were older age (P < .001), female sex (P = .045),
thyroid disorders (P < .001), previous fracture (P = .033; vertebral
fractures in particular, P < .001), serum BAP [11.9 (7.9-18.9) pg/L
in the fracture group vs 12.4 (8.5-19.85) pg/L in the no-fracture
group, P = .011], serum osteocalcin [120 (38.8-321.0) ng/mL in the
fracture group vs 151 (25.0-336.0) ng/mL in the no-fracture group,
P <.001], serum PTH [84 (13.85-356.0) pg/mL in the fracture group
vs 190.2 (30.0-475.0) pg/mL in the no-fracture group, P < .001]
and serum creatinine (69.0 + 24.4 mg/L in the fracture group vs
79.9 £ 27.4 mg/L in the no-fracture group, P = .001) (Table 1).

Forty-two of the 63 patients with an incident fracture had
DXA data in the year before or after the fracture; these patients
were more likely to have osteopenia at the lumbar spine (46.3%),
total hip (72.2%) or any site (47.6%), and osteoporosis at the wrist
(35.9%) (Fig. 1).

In a subgroup of recipients (n = 433) for whom DXA data at 1
month after transplantation was available, DXA data was avail-
able for 429 recipients (including 38 patients with a fracture) at
the lumbar spine, 380 recipients (including 30 patients with a
fracture) at the total hip and 413 recipients (including 37 patients
with a fracture) at the wrist. One month after transplantation,
the median (range) T-score at the lumbar spine was associated
with incident fractures [-1.1 (—3.8; +2.4) in the fracture group
vs —0.6 (—4.6; +2.9) in the no-fracture group, P = .047], as well
as T-score at total hip [-1.3 (—2.7; +1.5) in the fracture group vs
—1.0(—3.9; +2.6) in the no-fracture group, P = .010] and T-score at
wrist [-1.2 (—5.5; +2.2) in the fracture group vs —0.8 (—5.4; +3.2)
in the no-fracture group, P = .015].

Associations between incident fractures and drug
exposure

In simple Cox proportional hazards models with drug exposures
as time-dependent covariates, exposures to VKAs {HR [95% con-
fidence interval (CI)] 2.23 (1.17-4.25)}, loop diuretics [2.36 (1.41-
3.95)] and opioids [3.24 (1.35-7.80)] were significantly associated
with incident fractures, whereas the use of steroids [0.64 (0.25-
1.62)] or bisphosphonates [1.62 (0.85-3.10)] was not (Fig. 2).

In Cox proportional hazards models adjusted for the PS
(one PS per drug class and thus one adjusted Cox proportional
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Figure 1: Prevalence of normal BMD, osteopenia and osteoporosis for the lumbar spine, total hip, wrist or at any site in patients with an incident fracture and data on

a DXA measured in the 12 months before or after the fracture.

hazards model per drug class), exposures to loop diuretics [HR
(95% CI) 2.11 (1.17-3.79)] and opioids [5.94 (2.14-16.52)] were still
significantly associated with incident fractures. In contrast, ex-
posure to VKAs showed a non-significant trend after this adjust-
ment [1.94 (0.93-4.01)] (Fig. 2).

In multivariable Cox proportional hazards model includ-
ing exposures to VKAs, loop diuretics and opioids as time-
dependent covariates and baseline characteristics associated
with incident fractures (with P < .05), exposures to VKAs [HR
(95% CI) 1.84 (1.02-3.49)], loop diuretics [1.56 (1.04-2.57)] and opi-
oids [3.05 (1.19-7.80)] were independently associated with inci-
dent fractures, as were age above 52.9 years [3.60 (1.94-6.59)] and
thyroid disorders [2.69 (1.25-5.80)]. Moreover, a history of fracture
tended to be associated with incident fractures [1.78 (0.95-3.34)]

(Fig. 3).

Associations between changes over time in the
T-scores and drug exposures

The numbers of patients with DXA data 1 month after trans-
plantation and at least once thereafter were 411 (67.0%) for the
spine, 359 (58.6%) for the total hip and 387 (63.1%) for the wrist.

In the multivariable LMMs including loop diuretic, VKA, opi-
oid, steroid and bisphosphonate exposure times and baseline
osteoporosis risk factors, exposure to loop diuretics was signif-
icantly and negatively correlated with changes over time in the
T-score for the lumbar spine (t-value = —2.288, P = .022) and for
the wrist (t-value = —2.195, P = .028, Table 2). Incorporation of the
interaction term (time x loop diuretics) as a fixed effect showed
that in the absence of loop diuretic exposure, the T-scores in-
creased significantly more for the lumbar spine (t-value = 2.056,
P = .040) and for the wrist (t-value = 1.992, P = .047). Opioid
or VKA exposures did not influence changes over time in the
T-score. The baseline osteoporosis risk factors that were sig-
nificantly and negatively correlated with changes over time in
T-scores were age (t-value = —2.688, P = .007) for the lumbar
spine, male sex (t-value = —3.884, P < .001) and ABD (t-value =

—2.007, P = .045) for the wrist, thyroid disorders (t-value = —2.912,
P = .004) for the total hip and BMI (P < .001) for all three sites.

DISCUSSION

Knowledge of the modifiable factors associated with the fracture
risk after kidney transplantation is essential for the choice of an
appropriate treatment. After kidney transplantation, the recipi-
ents have a high drug therapy burden [16]. Some of these drugs
have significant effects on bone loss and the fracture risk. The
main finding of the present study of a longitudinal cohort of kid-
ney transplant recipients was that exposures to loop diuretics,
VKAs and opioids were associated with incident fragility frac-
tures. To the best of our knowledge, the present study is the first
to have addressed the risk of fragility fractures induced by drugs
other than steroids after kidney transplantation. Furthermore,
exposure to loop diuretic was significantly and negatively corre-
lated with changes over time in the T-score.

Our various analyses suggested that kidney transplant recip-
ients treated with loop diuretics have a greater fracture risk and
a lower BMD. In the general population, loop diuretics are known
to harm bone and induce fractures [17, 18]. The greater risk of
fracture in patients treated with loop diuretics was highlighted
in Rejnmark et al.’s population-based pharmaco-epidemiologic
case-control study of 258 810 patients [odds ratio (95% CI) 1.16
(1.10-1.23)] [19] and, more recently, in Bokrantz et al’s longi-
tudinal study of a cohort of 59 246 patients [HR (95% CI) 1.23
(1.11-1.35)] [20]. One possible explanation for this elevated risk is
that loop diuretics increase renal calcium excretion and thus af-
fect calcium homeostasis and bone metabolism. Rejnmark et al.
studied the effects of loop diuretics and thiazide diuretics on
calcium homeostasis, calcitropic hormones and bone markers
in postmenopausal women with lumbar spine osteopenia [21].
Compared with the thiazide diuretic group, renal calcium excre-
tion and the serum PTH, 1,25(0H), vitamin D and osteocalcin lev-
els were significantly greater and the serum BAP level was signif-
icantly lower in the loop diuretic group. Other possible (indirect)
explanations for the elevated fracture risk with loop diuretics



Drugs and fragility fractures in KTR | 579
crude models 4 adjusted models
crude models adjusted models*
Drug exposure N** (%) cHR [95% CI] P-value aHR [95% CI] P-value
Steroids = 613 (100) 0.64[0.25-1.62)  0.345 0.56 [0.21-1.48] 0.242
VKAs . —— 105 (17.1) 223[1.17-4.25]  0.015 1.94[0.93-4.01] 0.074
Insulin = 116 (18.9) 0.84[0.38-1.83]  0.663 1.30[0.25-6.66] 0.755
Loop diuretics & 280 (45.7) 2.36 [1.41-3.95] 0.001 2.11[1.17-3.79] 0.013
PPls - 591 (96.4) 1.31[0.75-2.29] 0.348 0.70[0.20-2.41] 0.568
Opioids * 75 (12.2) 3.24 [1.35-7.80] 0.008 5.94 [2.14-16.52] 0.001
SSRIs S — 43 (7.0) 1.79[0.63-512] 0273 0.96 [0.18-5.30] 0.967
Antiepileptics . a—— 70 (11.4) 0.89[0.28-2.80]  0.841 1.37 [0.40-4.67] 0.607
Benzodiazepines 4 220 (35.9) 136[0.72-2.58]  0.331 1.08 [0.57-2.07] 0.809
Vitamin D .« 572 (93.3) 1.92[0.67-549] 0223 0.76 [0.17-3.37] 0.716
Calcium % 277 (45.2) 1.28 [0.56-2.92] 0.555 1.06 [0.44-2.52] 0.901
Bisphosphonates g 126 (20.6) 1.62 [0.85-3.10] 0.140 1.09 [0.51-2.31] 0.721
0:31 1I ; 1Io wls 2I0

Figure 2: Crude and adjusted analyses of incident fractures as a function of drug exposure (in Cox proportional hazards models with time-dependent covariates). A
Cox proportional hazards model was built for each drug class used as time-dependent covariate and then adjusted against a specific PS for each drug class. *Baseline
characteristics associated with incident fractures (with P < .2; namely age, sex, BMI, ethnic group, thyroid disorders, prior fracture, serum phosphate, BAP and PTH)
were included in all PSs. Furthermore, other baseline characteristics associated (P < .2) with the use of each drug class were included in the respective PSs, i.e. diabetes
mellitus, basiliximab, previous transplantation and peak PRAs for the steroid PS; arterial hypertension and history of cardiovascular events for the VKA PS; diabetes
mellitus, dyslipidemia, sedentary lifestyle and history of cardiovascular disease for the insulin PS; time on hemodialysis before transplantation, serum calcium, diabetes
mellitus and etiology of CKD for the loop diuretic PS; alcohol consumption, other autoimmune disease and basiliximab for the PPI PS; alcohol consumption and peak
PRAs for the opioid PS; etiology of CKD for the SSRI PS; diabetes mellitus, history of cardiovascular disease, sedentary lifestyle and etiology of CKD for the antiepileptic
PS; history of cardiovascular disease, crossmatching results and peak PRAs for the benzodiazepine PS; alcohol consumption, DSAs, peak PRAs and dyslipidemia for the
vitamin D PS; serum calcium, 25(0OH) vitamin D, rheumatoid arthritis, dyslipidemia, IVIg and etiology of CKD for the calcium PS; 25(OH) vitamin D, arterial hypertension,
dyslipidemia, sedentary lifestyle and peak PRAs for the bisphosphonate PS. *Number of patients with at least one exposure to the drug of interest.

relate to peripheral edema, heart failure, the decrease in blood
volume and the induction of arterial hypotension, and thus a
greater risk of falls [22]. However, the latter explanation can be
challenged; several studies have found that by decreasing renal
calcium excretion [21], thiazide diuretics were significantly as-
sociated with a lower serum osteocalcin level [23], greater BMD
[23] and a lower fracture risk (even though thiazide diuretics
also induce arterial hypotension) [20]. However, other studies did
not find a significantly greater BMD [24] or a significantly lower
fracture risk [25] in patients taking thiazide diuretics. In kidney
transplant recipients, further clinical studies are necessary to
determine whether the use of thiazide diuretics is preferable to
loop diuretics with respect to fracture risk.

We found that VKA exposure tended to be associated with
incident fractures; this has already been observed in the gen-
eral population, in a time-dependent manner [26, 27]. One pos-
sible explanation for this finding is that the use of VKAs results
in under-carboxylation of osteocalcin, which cannot then incor-
porate calcium into the ground substance. In fact, carboxylated
osteocalcin contains three residues of gammacarboxyglutamic
acid formed by the vitamin K-dependent posttranslational mod-
ification of glutamic acid residues [28]. We did not observe an as-
sociation between VKA exposure and low BMD; this is generally
in line with the results of prospective studies of older women

[29] and older men [30] not having undergone kidney transplan-
tation. Only one case—control study of 70 patients evidenced low
BMD in non-transplanted patients on long-term warfarin ther-
apy [31]. In the general population, meta-analyses have shown
that the fracture risk in lower in patients taking direct oral anti-
coagulants than in patients taking VKAs [32, 33]. Here again, in
kidney transplant recipients, further clinical studies are neces-
sary to compare the risk of fracture in VKA users and in direct
oral anticoagulant users.

Lastly, we found that opioid exposure was associated with
incident fractures in our cohort of kidney transplant recipi-
ents, which is in line with the literature data on the gen-
eral population [34-36]. One possible explanation is that the
opioids’ effects on the central nervous system (including se-
dation and dizziness) increase the risk of falls [34]. More-
over, opioids inhibit (through mu-opioid receptors) the secre-
tion of gonadotropin-releasing hormone and reduce the release
of follicle-stimulating hormone and luteinizing hormone, lead-
ing to secondary hypogonadism and low testosterone levels. In
addition to this central mechanism of action, opioids stimulate
5-alpha-reductase—the enzyme that breaks down testosterone
into dihydrotestosterone—and thus further reduce the bioavail-
ability of testosterone in the serum [37]. Hence, several studies
have evidenced low BMD in opioids users; however, these were
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Variable N (%) HR [95% CI] P-value
Age (ref. < 52.9) - 260 (42,4) 3.60[1.94-6.59] <0.001
Male (ref. = female) - 387 (63,1) 0.62 [0.35-1.09] 0.096
Thyroid disorders & 35(5.7) 2.39[1.10-5.20] 0.028
Previous fracture —_— 79(12,9) 1.78 [0.95-3.34] 0.071
Other ROD (ref. = ABD) —— 518 (84,5) 0.97 [0.49-1.90] 0.919
Loop-diuretic exposure —— 280 (47,5) 1.66 [1.01-2.67] 0.048
VKA exposure ——— 105 (17,1) 1.92 [1.03-3.58] 0.040
Opioid exposure - 75(12,2) 2.84[1.15-7.01] 0.024
o 1z 3 4 5 6 sos

Figure 3: Multivariable Cox proportional hazards model with time-dependent covariates including the baseline variables associated with incident fractures (P < .05). To
avoid overfitting the model, phosphate-calcium parameters and bone remodeling markers were replaced by the “renal osteodystrophy” variable (ABD or other). Serum
creatinine was excluded from the analysis because of collinearity with renal osteodystrophy. ROD, renal osteodystrophy.

all cross-sectional studies that included patients with opioid de-
pendence [37]. The present study did not evidence an associa-
tion between opioid exposure and changes over time in BMD.
Taken as a whole, these data suggest that the most likely fac-
ture mechanism in our study population was an elevated risk of
falls.

A very recent retrospective, population-based study in Ko-
rea focused on risk factors for incident fractures in hemodialy-
sis patients, peritoneal dialysis patients and kidney transplant
recipients. The researchers also assessed the association be-
tween fractures and the use of certain medications (steroids, vi-
tamin D and its analogs, phosphate binders, anti-osteoporotic
medications, anti-depressants, opioids, and gabapentinoids) but
(in contrast to our study) only at baseline (defined by at least
30 days of prescriptions filled in the year preceding the in-
dex date) and not over time. For the study population as a
whole (and not specifically the subset of kidney transplant
recipients) Kim et al. observed (i) a significant positive associ-
ation between the incidence of incident fractures and the use of
steroids, anti-osteoporotic medications, anti-depressants, opi-
oids and gabapentinoids at baseline, and (ii) a significant neg-
ative (protective) association between the incidence of incident
fractures and the use of vitamin D and phosphate binders at
baseline [38]. Furthermore, the researchers did not exhaustively
collect data on fracture risk factors, such as a previous frac-
ture; indeed, large cohort studies [7, 39] and (to some extent) our
present results show that a previous fracture is a risk factor for
incident fractures in kidney transplant recipients.

Treatment with immunosuppressive drugs (and particu-
larly steroids) is reportedly a major cause of bone loss in the
months following kidney transplantation. We have already high-
lighted the positive effect on bone (in terms of BMD gain) of
early steroid withdrawal 1 year after kidney transplantation
[8]. Nikkel et al. reported that the long-term fracture risk was
lower in patients with early steroid withdrawal than in pa-

tients on corticosteroid-based immunosuppression [7]. In con-
trast, Evenepoel et al. did not evidence an association between
the cumulative steroid dose and incident fractures [41]. In the
present study, steroid exposure was not associated with incident
fractures; this was probably due to a lack of statistical power be-
cause very few study participants were not on long-term steroid
therapy.

With regard to anti-osteoporotic drugs, we observed a pos-
itive effect of bisphosphonates on changes over time in the T-
score for the wrist but did not evidence protective effects of
calcium, vitamin D or bisphosphonates on incident fractures.
Our results are in line with the literature data. With regard to
bisphosphonates, most of the relevant studies (including meta-
analyses) have found that the use of bisphosphonates by kidney
transplant recipients is associated with a BMD gain [42-44] but
not with a lower risk of incident fractures [42-44]. Concerning
vitamin D, a recent study did not find an increase in BMD after 2
years of vitamin D supplementation [45]; this is also consistent
with the literature data [46]. On the same lines, there is no ev-
idence to suggest that vitamin D supplementation reduces the
fracture risk [46]. Moreover, a recent publication by the Ameri-
can College of Nephrology emphasized the lack of studies of the
effectiveness of vitamin D supplementation on fracture preven-
tion [46]. In the present study, however, a lack of statistical power
probably prevented us from seeing an effect of vitamin D sup-
plementation on incident fractures; very few study participants
were not exposed to this drug class.

Of the 63 patients with an incident fracture in the present
study, the 42 patients who had performed a DXA in the
year before or after the fracture were more likely to have
osteopenia than osteoporosis. This observation might be ex-
plained by renal osteodystrophy (a component of CKD-MBD
and therefore present before transplantation), which very of-
ten affects recipients and progresses after transplantation [47].
Since DXA assesses bone mass only, it cannot detect the bone
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microarchitecture disorder that results from renal osteodystro-
phy. Hence, along with bone demineralization, renal osteodys-
trophy is a risk factor for fracture [47]. Our present univariate
analyses showed that baseline serum PTH and osteocalcin levels
(which may reflect ABD) were lower in the fracture group than in
the no-fracture group. However, we did not analyze serum PTH
and osteocalcin levels at time points close to the fracture. Fur-
thermore, there are no data to suggest that ABD is more of a risk
factor for fractures than renal osteodystrophy with a high level
of bone turnover.

Our study had several strengths and several limitations. The
use of Cox proportional hazards models with time-dependent
covariates and LMMs enabled us to take periods of drug expo-
sure in account; simply dichotomizing the participants as “ex-
posed” or “not exposed” during the study period would have led
to a loss of information and would not have reflected real-life
clinical practice. However, a lack of statistical power prevented
us from building a multivariable Cox proportional hazards mod-
els thatincluded all known osteoporosis risk factors, thus, resid-
ual confounding cannot be ruled out. Another strength was our
comprehensive collection of data in general and data on drug
exposure periods in particular, since all the patients’ prescrip-
tions were available for analysis. Although we cannot be sure
that all the study participants were fully compliant, poor com-
pliance would be unlikely for loop diuretics and VKAs, notably.
Moreover, we did not have data on the drugs’ dose levels and
regimen,; this preventing us from analyzing cumulative doses.
Another strength was the very low proportion of missing data,
for which we nevertheless performed multiple imputations us-
ing a validated method. Despite our consideration of the vast
majority of osteoporosis risk factors, we found that menopausal
status and the presence or absence of a family history of os-
teoporosis were poorly documented in the participants’ med-
ical records and so were not included in our analyses. Modi-
fiable osteoporosis risk factors (such as BMI, smoking, alcohol
consumption and a sedentary lifestyle) were considered at base-
line only; any subsequent changes over time were not consid-
ered. Furthermore, the lack of literature data dissuaded us from
considering possible persistent drug effects (with the exception
of bisphosphonates) after discontinuation; this lack of consid-
eration might have led to falsely positive (protective) results for
certain drug classes. For example, a fracture that occurred af-
ter drug discontinuation (but while the drug’s toxic effects on
bone were still present), was not recorded as in the exposure pe-
riod of this drug. Although we did not observe these events, it is
still possible that the toxic effect of certain drug classes was un-
derestimated for this reason. Furthermore, we might not have
comprehensively identified all incident fractures and particu-
larly asymptomatic high or middle thoracic vertebral fractures.
Indeed, some lumbar or low thoracic vertebral fractures were
documented incidentally on the CT scans of the abdomen and
pelvis performed every 2 years. On these scans, however, the ver-
tebrae were only visible up to Th7 or Th8. It is much less likely
that all non-vertebral fractures were not identified, since they
would have been symptomatic fractures documented at all an-
nual check-ups. Furthermore, it would have been more appropri-
ate to use Z-scores than T-scores in the LMMs. However, this was
not possible because Z-scores were poorly reported in the medi-
cal records, and we did not have direct access to DXA data. More-
over, renal osteodystrophy (defined from biological parameters)
was only considered at baseline but not over time. Other study
limitations included loss-to-follow-up bias and competition bias
in the Cox models, since we right-censored deceased patients.
Other limitations were related to the study’s observational and

retrospective design, which prevented us from forming compa-
rable groups. In contrast, the study’s single-center design en-
sured a homogeneous population in terms of management and
assessment.

CONCLUSION

In a study of a cohort of kidney transplant recipients with long-
term follow-up, we found that exposures to loop diuretics, VKAs
and opioids were associated with incident fragility fractures.
Further clinical studies are necessary to assess the fracture
risk of other drug classes (e.g. thiazide diuretics and direct oral
anticoagulants) that may be less harmful for bone.
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