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Abstract

Background: We evaluated the effect of glucocorticoids (GCs) on bone strength via bone mineral density (BMD) scores and serum
alkaline phosphatase (S-ALP) levels in children with idiopathic steroid-sensitive nephrotic syndrome (ISSNS) or IgA nephropathy
(IgAN).

Methods: Sixteen children with ISSNS and 13 with IgAN were eligible for this study. The BMD and S-ALP levels were measured before
the initiation of steroid treatment (STx), one month after initiation of STx and one month after terminating STx (Phases 0,1and 2).
For IgAN, scores and levels were measured before the initiation of STx (Phase 0) and 1, 3, 6, and 12 months after the initiation of STx
(Phases1,2,3,and 4).

Results: In ISSNS, the BMD and S-ALP levels were significantly lower in Phase 1 than in Phase 0; however, scores and levels returned
to baseline in Phase 2. In IgAN, BMD was significantly lower in Phase 2 than in Phase 0 while S-ALP levels were significantly lower in
Phases 1,2, and 3 compared to Phase 0. No significant difference was observed between Phase 0 and Phase 4.

Conclusions: In ISSNS, bone strength recovered one month after terminating STx. In IgAN, bone strength recovered 10 months after

tapering of STx.
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1. Background

Glucocorticoids (GCs) are essential treatments for id-
iopathic steroid-sensitive nephrotic syndrome (ISSNS) or
IgA nephropathy (IgAN), with good clinical results (1, 2).
On the other hand, they cause bone fragility, and in some
cases, fracture (3). The GCs directly inhibits the osteoblas-
tic function by affecting GC receptors on the cells (4) and
decreases the lifespan of osteoblasts by apoptosis (5). In
addition, GCs decrease the recruitment of osteoblasts and
osteoclasts from progenitor cells (6). The bone strength in
children is most affected by GCs because during the child-
hood and adolescence years bone formation occurs faster
than bone loss to build strong bones.

It is still unclear that how severely the GCs affect bone
strength, especially in children. There is no guideline for
preventing fractures caused by glucocorticoid-induced os-
teoporosis. Therefore, pediatricians may discourage chil-
dren under steroid treatment (STx) from participating in
physical education. One of the determinants of bone
strength is bone mineral density (BMD). The serum alka-
line phosphatase (S-ALP) level can also provide informa-
tion on bone strength. In this study, we examined the ef-

fects of GCs on bone strength by evaluating BMD scores and
S-ALP levels.

2. Objectives

The aim of this study was to contribute to providing a
guideline about a physical education that could prevent
fractures caused by glucocorticoid-induced osteoporosis
in children who received GCs.

3. Methods

The study protocol was approved by the ethics commit-
tee of Jichi Medical University.

The records of children treated at the Jichi pediatric
university hospital from September 2007 to September
2012 were analyzed retrospectively. Sixteen children with
ISSNS (12 boys and 4 girls, median age 5.5 years, range 1-13
years), and 13 with IgAN (6 boys and 7 girls, median age 12
years, range 8 - 15 years) were included in this study. The
ISSNS patients were all in their first onset. The definition
of NS according to the international study of kidney dis-
ease in children (ISKDC) criteria is as follows: Proteinuria
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> 40 mg/m? per hour and hypoalbuminemia < 2.5 g/dL.
The diagnosis of ISSNS was made when remission of NS was
achieved within four weeks of initiation of STx. The IgAN
patients had not received any prior GC treatments. IgAN
was defined by the presence of diffuse dominant or codom-
inant mesangial deposits of immunoglobulin A (IgA), with
mesangial cellular proliferation in renal tissue.

The ISSNS patients were treated with prednisolone (2
mg/kg per day, maximum 60 mg per day) in three di-
vided doses for four weeks, followed by 1.3 mg/kg in one
single-morning dose on alternate days for another four
weeks. Then prednisolone was terminated eight weeks af-
ter STx initiation. Steroid-dependent and steroid-resistant
patients were excluded from the study. None of the pa-
tients received immunosuppressive agents, or any drugs
that influenced bone strength such as Ca, vitamin D, and
alendronate.

The IgAN patients underwent tonsillectomy followed
by three courses of steroid pulse therapy. Each course con-
sisted of methylprednisolone (20 mg/kg, maximum 500
mg) per dose on three consecutive days per week, followed
by prednisolone (1mg/kg per day, max 30 mg per day). They
were then treated with prednisolone (1 mg/kg) every other
day for 4 - 9 months (median 5 months) until they reached
a remission phase and were negative for proteinuria and
hematuria.

We evaluated bone strength by BMD scores and S-ALP
levels. In the ISSNS group, BMD scores and S-ALP levels were
examined in Phase 0 before the initiation of STx; in Phase 1
one month after the initiation of STx; and in Phase 2 one
month later after terminating STx, that is, two months af-
ter the initiation of STx. The BMD of the lumbar spine (L2 -
L4) was measured using dual-energy x-ray absorptiometry
scans (The Discovery A, Hologic, USA). In the IgAN group,
the BMD scores and S-ALP levels were examined as follows:
Phase 0, before the initiation of STx, in Phases 1, 2, and 3
at one, three and six months, respectively, after the initia-
tion of STx and in Phases 4,12 months after the initiation of
STx (10 months after tapering of STx). The patients had no
restrictions on physical education. The variation of bone
strength was evaluated by comparing pre-treatment BMD
scores and S-ALP levels with those at each month.

Statistical analyses were performed using JMP Software
8 (SAS Institute Inc. USA). Paired t-test was used for compar-
isons. Results are presented as the mean + SE,and a Pvalue
of less than 0.05 was considered statistically significant.

4. Results

4.1. Comparison of Bone Strength in Phases 0 - 2 in ISSNS Pa-
tients

In ISSNS patients, the BMD scores and S-ALP levels were
significantly lower in Phase 1 (BMD score, -0.062 % 0.013, P
= 0.0004; S-ALP level, -0.465 + 0.053, P < 0.0001) than in
Phase 0. The BMD scores and S-ALP levels were not signifi-
cantly different between Phase 0 and Phase 2 (BMD score,
-0.0022 £ 0.010, P=0.83; S-ALP level, 0.158 4= 0.092,P=0.11,
respectively) (Figure 1A and B).

4.2. Comparison of Bone Strength in Phases 0 -4 in IgAN Patients

In IgAN participants, only the BMD score in Phase 2 (-
0.025 4 0.0096) was significantly lower than in Phase 0 (P
=0.025). The S-ALP levels were significantly lower in Phases
1, 2, and 3 (-0.431 &= 0.030, -0.264 + 0.053, -0.221 & 0.079,
respectively) than in Phase 0 (P < 0.0001, P = 0.0006, P
= 0.019, respectively). No significant differences were de-
tected between Phase 0 and Phase 4 in BMD scores and S-
ALP levels (0.008 £ 0.019, P = 0.68,-0.077 + 0.072,P=0.31)
(Figure 2A and B).

4.3. Comparison of BMD Scores and S-ALP Levels in Phases 0 - 1
between ISSNS and IgAN Patients

The variation rate of BMD scores in Phase 1in ISSNS was
significantly lower than that of IgAN (P = 0.0065). No sig-
nificant difference was observed between ISSNS and IgAN
in the variation rate of s-ALP levels in Phase 1(P = 0.58).

4.4. The Total Dose of Steroid

The total dose of steroid administration was higher
in IgAN participants (8.7 mg/kg per day in prednisolone
equivalents for one month; max 6195 mg) than in ISSNS
participants (2 mg/kg per day for one month; max 1680

mg).

5. Discussion

In this study, we showed the effect of GCs on bone
strength based on BMD scores and S-ALP levels in children
with ISSNS or IgAN.

Sbrocchi et al. (7) reported vertebral fractures despite
normal spine BMD in a boy with NS. This report suggested
that observation of BMD alone might not be sufficient to
evaluate bone strength of children with NS in GC treat-
ment. Biyikli NK et al. (8) reported that high-dose corticos-
teroids treatment causes a decrease in bone formation, as
shown by the changes in ALP levels. Therefore we examined
BMD and serum ALP level at the same time. In this study,
BMD scores were also associated with S-ALP levels in ISSNS.
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Figure 1. A, The Observation of the Variation Rate in Bone Mineral Density in Phase 0 -2 in Idiopathic Steroid-Sensitive Nephrotic Syndrome; B, The Observation of the Variation

Rate in Serum Alkaline Phosphatase Levels in Phase 0 -2 in ISSNS
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Figure 2. A, The Observation of the Variation Rate in Bone Mineral Density in Phase 0 -
Phosphatase Levels in Phase 0 - 4 in IgAN

4 in IgA Nephropathy; B, The Observation of the Variation Rate in Serum Alkaline

In the ISSNS group, the BMD scores and S-ALP levels in-
dicated that bone strength recovered quickly one month
after terminating STx. In the IgAN group, the BMD scores
and S-ALP levels indicated that bone strength recovered 10
months after tapering of STx. Most of the patients in the
IgAN group were adolescents. Bone formation is very ac-
tive in the adolescent period, so we supposed that the du-
ration for bone strength normalization would be shorter
in the IgAN group than in the ISSNS group. However, the
IgAN group required a longer normalization period than
the ISSNS group. Thus, even low dose GCs in IgAN group
from phase 2 to phase 4 affect bone strength in childhood.
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There was a difference in the effects of GCs on bone
strength at one month (Phase 1) between the ISSNS and
IgAN patients. The BMD scores and S-ALP levels were neg-
atively associated in ISSNS patients while the BMD score
was not affected in IgAN patients. Children with IgAN were
older (median age 12 vs. 5.5 years), and the proportion of
girls was higher (0.54 vs. 0.25) than in the ISSNS patient
group although there were no associations between age,
sex and BMD scores in ISSNS and IgAN, respectively. Dur-
ing puberty, there is a large increase in lumbar spine BMD
score. The influence of puberty on BMD is higher in girls
than in boys (9). Therefore, the older girls in puberty may
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have caused the difference in changes of BMD scores be-
tween the ISSNS and IgAN patients. Our results suggested
that the increase in BMD scores exceeded the negative ef-
fect of GCs on BMD scores during puberty.

It is also hypothesized that the effect of pulse GC treat-
ment on bone strength was mild. In a comparative study
of the effect of a daily steroid regimen versus a weekly oral
pulse steroid regimen on BMD scores in patients with skin
disease, the effect of a weekly oral pulse steroid was much
smaller than with the daily steroid (10). Another report
showed that ALP levels remained unchanged after pulse GC
treatment (11).

5.1. Conclusions

Bone strength recovered quickly one month after ter-
minating STx in the ISSNS group while even a low dose neg-
atively affected the IgAN group. It was also found that the
increase in BMD scores exceeded the negative effect of GCs
on BMD scores during puberty. Our report provides an in-
teresting new perspective for the evaluation of bone dys-
bolism in pediatric renal patients.
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