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Abstract

Purpose Cyclosporine (CsA) is often prescribed to
patients with glucocorticoid (GC)-dependent nephro-
tic syndrome. Although it is well known that long-term
administration of GC causes osteoporosis, the effects
of CsA on bone metabolism are not fully established.
Therefore, we examined the effects of CsA on bone
metabolism in patients with GC-dependent nephrotic
syndrome in remission.

Methods We followed 23 patients treated with
prednisolone alone (GC alone group) and 17 patients
treated with CsA in combination with prednisolone
(GC + CsA group). Bone mineral density (BMD) was
measured by dual-energy X-ray absorptiometry, and
biochemical markers of bone metabolism were simul-
taneously measured in serum and urine samples.
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Results  BMD decreased significantly in the GC group
from 752 to 623 mg/cm® but non-significantly in the
GC + CsA group from 751 to 684 mg/cm?. Although
the cumulative dose of GC increased in both groups,
there were no significant differences in biochemical
markers at either the start or the end of the study.
Vertebrate bone fracture and other side effects associ-
ated with CsA treatment did not occur in our study.
Conclusions Our results indicate that CsA does not
accelerate GC-induced osteoporosis in patients with
nephrotic syndrome. We conclude that CsA is appro-
priate for the treatment of GC-dependent nephrotic
syndrome, because it does not adversely affect bone
metabolism and has favorable glomerular effects.
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Introduction

Nephrotic syndrome (NS), defined as proteinuria
>3.5 g/day, is caused by several glomerular diseases
and is characterized by edema, hypoproteinemia, and
hyperlipidemia. Generally, NS is treated with gluco-
corticoids (GC), which continues until the resolution
of proteinuria. Once complete remission has been
achieved, the GC dose may be tapered. However,
inadequate tapering of GC may lead to relapse, known
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as GC-dependent NS. Patients who do not respond to
GC therapy are classified as having GC-resistant NS.
Immunosuppressive agents, such as cyclosporine
A (CsA), are often used to treat GC-resistant or
GC-dependent NS [1, 2]. However, it was reported
that high doses of CsA can induce osteoporosis after
organ transplantation [3, 4]. Long-term use of GC can
also cause osteoporosis because of unbalanced or a
higher rate of bone remodeling [5, 6]. Administration
of CsA at doses similar to those used after organ
transplantation accelerate bone turnover, increase
bone absorption, and cause inadequate bone remodel-
ing in oophorectomized rats [7]. However, this
phenomenon was not observed in patients treated
with CsA, and the results of some studies are
controversial [8, 9]. In organ transplantation, CsA is
often administered concomitantly as part of a multi-
drug regimen. This makes it difficult to assess the
contribution of each drug to bone loss. Therefore, in
this study, we investigated the role of CsA in bone
metabolism in patients with NS in remission.

Materials and methods
Patients

Forty patients with GC-dependent NS in prednisolone-
induced remission, a representative form of GC, for
>12 months were enrolled in this study (mean dura-
tion of remission, 62 + 107 months). With the goal of
reducing the existing dose of prednisolone, we
offered all patients an additional prescription of
CsA. Of the 40 patients, 17 agreed with our proposal
and comprised the GC + CsA group. The other 23
did not accept CsA, but did continuous prednisolone
therapy (GC group). The clinical characteristics of
the two groups are shown in Table 1. All of the
patients were <50 years of age, and all females were
before menopause. Characteristics of NS, duration
remission, relapse frequency, and daily prednisolone
doses were not uniform among the two groups
(Table 1). However, all of the patients required long-
term treatment with GC, increasing the risk of
osteoporosis. There were no significant differences
in the cumulative dose of prednisolone or bone
mineral density (BMD) at the second to fourth
lumbar spine (L2-L4) between the two groups at the
start of the study. All of the patients were prescribed
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with 1.0 pg of 1,25-(OH),-D3, an active vitamin D;
analog, from the start of GC treatment. They were
not using any concomitant drugs, including supple-
mental calcium, estrogen-like agents, fluoride salts,
or bisphosphonates. Patients with a history of verte-
brate bone fracture were excluded from this study,
because of inaccurate measurement of BMD in these
patients. Our hospital’s ethics committee approved
the study, and all 40 patients gave informed consent
to participate.

Study design

The BMD of the lumbar spine was measured by lateral
projection in all patients at the start of the study. We
administered CsA at doses in accordance with C2
values, which were between 600 and 800 ng/ml.
Because orally administered doses are not accurately
reflected by their serum concentrations, the dose of
CsA was not identical in the patients in the GC 4 CsA
group. All 17 patients in the GC group continued their
previous doses of GC, which were not uniform among
the group, throughout the study. Twelve months later,
BMD and biochemical markers of bone metabolism
were measured in all patients. The cumulative dose of
GC was determined and compared between the start
and end of the study.

Measurement of BMD

The mean BMD and the % of young adult mean BMD
(%YAM) at L2-L.4 were measured by dual-energy
X-ray absorptiometry using a DQR 4500A (HOLOG-
IC, Waltham, MA) [10]. The %YAM of BMD is more
widely used than the actual BMD value in clinical
settings and is useful to compare data between
individual patients with scattered values. We mainly
used the % YAM value in statistical analysis.

Measurement of biochemical markers for bone
metabolism

Serum osteocalcin (OC) was measured using a radio-
immunoassay [11] to evaluate osteogenesis. Urinary
deoxypyridinoline (Dpd) was measured using an
enzyme immunoassay [12] to evaluate bone resorp-
tion. Data were adjusted for urinary creatinine con-
centrations to account for possible aberrations caused
by changes in urine volume. All assays were
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Table 1 Clinical characteristics of patients with glucocorticoid-dependent nephrotic syndrome

GC alone GC + CsA
Pre-study Post-study Pre-study Post-study
Population 23 17
Content of nephrotic syndrome
Minimal change 12 11
Membranous nephropathy 2 3
Focal segmental glomerulosclerosis 0 1
Proliferative glomerulonephritis 3 1
Lupus nephritis 3 1
Others 3 0
Gender (male/female) 14/9 9/8
Age (years old) 36 + 24 43 £ 16
Body weight (kg) 64.1 £9.7 61.8 £ 14.6
Glucose tolerance (DM/non-DM) 2/21 3/14
Estimated glomerular filtration rate (ml/min) 76.4 £+ 12.6 68.9 £+ 214
Recent remission periods (months) 18.6 = 14.4 20.2 £ 15.3
Frequency of relapse (times/total) 18 11
Daily dose of prednisolone (mg/day) 26 £ 7 23 £ 11 28 £ 6 23 +£9
Cumulative dose of prednisolone (mg/kg) 516 + 281 609 £ 375 504 + 258 601 £ 306
Dual-energy X-ray absorption
L2-4 BMD (mg/cm?) 752 623% 751 684
%Y AM 87 £9 69 + 21%* 8 +9 79 £5
Reduction (%) 82.5 90.7
Biochemical markers
Calcium (mg/dl) 104 £ 0.3 102 £ 04 10.1 £ 0.2 10.1 £ 0.2
Phosphorus (mg/dl) 3.0+ 0.7 28 +£0.5 32+0.7 3.1+ 0.6
Osteocalcin (ng/ml) 5.8 £4.1 57+£28 53+£39 5.1 +£36
Urinary deoxypyridinoline (nmol/mmol-Cr) 4.6 +29 5.1 £2.1 46+ 14 50+ 1.7

Values express mean = SE

DM diabetes mellitus GC glucocorticoid, CsA cyclosporine, BMD bone mineral density, %YAM % young adult mean BMD

* Statistically significant versus pre-study value

conducted by a contracted laboratory (SRL Inc., Tokyo,
Japan). The intra-assay and inter-assay coefficients of
variability were reported to be <10 %. Serum calcium
and phosphorus concentrations were measured at our
hospital’s central laboratory by the ortho-cresolphtha-
lein complexone method and by direct measurement of
molybdic acid concentrations, respectively.

Statistical analysis

Continuous variables are presented as mean = stan-
dard error (SE) and were compared using the Mann—
Whitney U test. Correlations between BMD %YAM
and cumulative dose of GC at the start and end of the

study were analyzed separately in both groups, plotted
on the same graph, and individual regression equations
were produced. Correlations between pairs of variables
were estimated by Spearman’s rank correlation test.
Two-sided P values were calculated, and P values
<0.05 were considered statistically significant. Statis-
tical analyses were performed using StatView software
version 5.0 (SAS Institute Japan, Tokyo, Japan).

Results

None of the patients enrolled in this study experienced
radiologically new bone fracture during the follow-up
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period. Changes in mean BMD at L2-L.4 from the start
to the end of the values were determined in both
groups of patients. Mean BMD at L2-L.4 decreased to
82.5 % during the study in the GC group and to
90.7 % in the GC + CsA group (Table 1). The
%YAM decreased significantly from 87 £9 to
69 + 21 % (P < 0.001) during the study in the GC
group and non-significantly from 85 £ 9t079 £ 5 %
(P = 0.065) in the GC 4 CsA group (Fig. 1). The
cumulative dose of GC increased from 516 + 281 to
609 + 375 mg/kg in the GC group and from
504 £ 258 to 601 + 306 mg/kg in the GC + CsA
group (Table 1). The correlations between BMD and
cumulative dose of GC (i.e., prednisolone) were
determined in both groups. The rate of change in
BMD was correlated with the cumulative dose of GC
and could be expressed using the equations y =
—1.387x 4+ 1,468 (P < 0.05) in the GC group and as
y = —0.691x 4+ 1,099 (P < 0.05) in the GC 4 CsA
group. The decrease in slope in the GC + CsA group
was shallower than that in the GC group despite the
continuous administration of prednisolone in both
groups (Fig. 2). The serum OC concentrations at the
start and end of the study were 5.8 £ 4.1 and
5.7 £ 2.8 ng/ml in the GC group, and 5.3 &£ 3.9 and
5.1 £ 3.6 ng/ml in the GC 4+ CsA group; the changes
in both groups were not statistically significant. The
urinary Dpd concentrations at the start and end of the
study were 5.8 £ 4.1 nmol/mmol-Cr and 5.7 + 2.8
nmol/mmol-Cr in the GC group, and 5.3 £ 3.9 nmol/
mmol-Cr and 5.1 £ 3.6 nmol/mmol-Cr in the
GC + CsA group, which were not significantly
different. Even though the cumulative dose of GC
increased in both groups, there were no significant
changes in the biochemical markers between the start
and end of the study (Table 1). Vertebrate bone
fracture and other side effects associated with CsA did
not occur in any patient. These results indicate that
treatment with CsA for 1 year does not accelerate
GC-induced osteoporosis or interfere with bone min-
eralization in patients with nephrotic syndrome at
<50 years of age before menopause.

Discussion
In this study, we demonstrated that CsA combined with

GC attenuated the rate of decrease in BMD in patients
with nephrotic syndrome compared with GC
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P < 0.0005 P = 0.0646

Pre-study Post-study Pre-study Post-study

GC alone group (n=23) GC + CsAgroup (n=17)

Fig. 1 Changes in mean bone mineral density (BMD) of the
2nd to 4th lumbar spines between the start and end of the study
in patients with glucocorticoid (GC)-dependent nephrotic
syndrome treated with GC alone (GC group) or in combination
with cyclosporine (GC + CsA group). The percent of young
adult mean BMD (%YAM) decreased significantly during the
study period in the GC group, while the decrease in %YAM
BMD was not statistically significant in the GC + CsA group
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Fig. 2 Correlation between bone mineral density (BMD) and
the cumulative glucocorticoid dose (prednisolone) in patients
with nephrotic syndrome treated with prednisolone alone (GC
group) or in combination with CsA (GC + CsA group). The
decrease in the slope in the GC + CsA group was shallower
than that in the GC group despite the continuous treatment with
prednisolone

monotherapy. Although many patients with NS
respond initially to GC therapy, relapse requires
repeated courses of GC, which may result in significant
GC toxicity. Therefore, patients with frequent relapses
who develop GC dependency require alternative
treatment [1]. CsA allows for reductions in GC doses
during the initial period of treatment, although the need
for prolonged GC administration after remission is
associated with an increased risk of osteoporosis [2, 5].
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CsA is frequently used to treat relapsing NS, and
previous reports have documented the beneficial
effects of CsA in this setting [1, 13, 14]. Eguchi et al.
[15] reported that GC combined with CsA would
facilitate early remission and allow reductions of the
GC dose in patients with NS. However, because long-
term treatment with both agents is necessary to
maintain remission, side effects may accumulate.

Previous reports examining the effects of CsA on
bone metabolism raised some controversy. For exam-
ple, immunosuppressive therapy in transplant patients
was reported to accelerate the development of severe
osteoporosis, increasing the risk of fracture [16, 17].
Administration of CsA at doses similar to those used in
transplantation causes acceleration of bone turnover,
loss of trabecular bone, increased bone resorption, and
inadequate remodeling [7, 18]. CsA is known to cause
acute, rapid, and severe bone loss [7, 16]. Bone loss is
dose-dependent and reversible after discontinuation of
CsA [19]. However, this phenomenon, characterized
by extremely high turnover in terms of bone loss and
increased resorption, was not seen in other studies
[8, 20]. Recipients of renal transplant who were treated
with CsA without GC showed a significant improve-
ment in BMD, suggesting that CsA did not interfere
with bone mineralization, consistent with our results.
T lymphocytes are critical for bone loss, as the
occurrence of bone loss cannot be reproduced in T
lymphocyte-deficient nude rats [21]. Rat studies have
shown that osteoblasts express mRNA and protein for
all isoforms of calcineurin [22]. The Ca”"/calmodulin-
sensitive phosphatase calcineurin is a necessary
downstream mediator controlling osteoclast differen-
tiation [9]. Calcineurin is necessary for the formation
of osteoclasts from their precursors, and this occurs via
an NFATc1-dependent mechanism [3]. Consequently,
CsA, a calcineurin inhibitor, is thought to inhibit bone
resorption by isolated osteoclasts [23]. Considering
the findings of these previous reports, the effects of
CsA on bone metabolism have yet to be established in
patients with nephrotic syndrome.

Here, we showed that the use of CsA mitigated
the rate of decrease in BMD and that it did not
significantly promote the decrease of BMD in
patients with nephrotic syndrome. CsA is often used
in combination with GC, which is known to compound
this effect. While GC is associated with a low rate of
turnover and bone loss, CsA promotes a high rate of
turnover [3]. Therefore, combination therapy did not

significantly influence bone metabolism, based on the
changes in biochemical markers, in patients with
nephrotic syndrome. In fact, none of the patients in our
study experienced vertebrate bone fracture during the
1-year follow-up. Although the two groups of subjects
included in this study differed in terms of age and sex,
the excess prevalence of younger males with minimal
change NS is unlikely to bias our results in terms of
bone metabolism. These concepts lead us to consider
that treatment with CsA for 1 year did not accelerate
GC-induced osteoporosis in patients with nephrotic
syndrome aged <50 years old and before menopause.
In conclusion, we postulate that CsA is suitable for the
treatment of GC-dependent NS, because it did not
adversely affect bone metabolism and had favorable
glomerular effects.
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