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Risk factors for low bone density in pediatric
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Abstract

Background Disturbances in bone mineral metabolism and side
effects of corticosteroid treatment may cause decreased bone
density in patients with nephrotic syndrome (NS).

Objectives To compare the prevalence of low bone mineral density
(BMD) in children with and without NS and to assess the effect
of corticosteroid treatment on bone density in NS patients.
Methods We conducted a retrospective, cohort study in children
aged 5-18 years diagnosed with NS for more than 2 months prior to
data collection, and in children without NS as a control. BMD was
assessed on calcaneal bone with ultrasound bone densitometry.
Serum calcium, albumin, creatinine and phosphate levels were
also assessed.

Results The prevalence of low BMD was significantly higher in
NS patients than non-NS subjects, 73.3% (22 in 30) vs. 33% (11
in 33), respectively. The prevalence ratio was 6.3 (95% CI 2.1
to 18.9). NS patients had lower serum calcium levels, with mean
difference of -0.17 (95% CI -0.27 to -0.07 mMol/L), P=0.009, and
lower serum albumin, with mean difference of -0.88 (95% CI -1.27
to-0.49 g/L); P<0.001, than non-NS subjects. After adjusting for
other risk factors, we found NS to be an independent risk factor for
low BMD. Steroid-resistant and steroid-dependent patients had
lower BMD than steroid-sensitive subjects (P=0.02). There was
also a significant correlation between the onset of corticosteroid
treatment and BMD (r=0.3; P=0.02).

Conclusions NS patients had higher risk for low BMD compared
to normal subjects. Response to steroid treatment influences
the severity of impaired bone density. [Paediatr Indones.
2011;51:61-5].

Keywords: hypocalcemia, bone density,
corticosteroids, nephrotic syndrome

Children with NS are at risk for disturbances in bone
mineral metabolism such as hypocalcemia, vitamin
D deficiency and secondary hyperparathyroidism.!7
Corticosteroid therapy as a treatment protocol for NS
may also worsen the process of bone formation, both
directly or indirectly.?8-10

Little research has been conducted on the
incidence of bone density disorders and hypocalcemia
in pediatric NS in Indonesia. A case-control study in
the United States found 14 cases of hypocalcemia out
of 15 NS patients, while an Egyptian study found 5
cases out of 30 patients' 1! It has been estimated that
52% of patients with glomerular disorders receiving
long-term corticosteroid therapy show a decrease in
bone mineral density (BMD).!2 Mittal et al. reported
changes in bone histology in 30 patients with NS,
56.7% with osteomalacia and 10.0% with bone
mineralization defects.”> A study in India reported
osteopenia in 61/100 subjects (61%) and osteoporosis
in 22/100 (22%) subjects. A study in Iran (2006) of 37
subjects reported that 12% had osteopenia.l® Patients
who were steroid-resistant or steroid-dependent, or
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those with frequent relapses, were at even higher risk
of bone mineralization abnormalites because of their
exposure to higher total dose of corticosteroids.!314
The aims of this study were to compare the
prevalence of hypocalcemia and abnormal bone
density (low BMD) in children with and without
NS, and assess the influence of cumulative doses of
corticosteroids on bone mineral density.

Methods

We conducted a retrospective cohort study in two
stages: stage one involved assessing the prevalence of
hypocalcemia and abnormal bone density conditions
in children with nephrotic syndrome compared to
children without nephrotic syndrome, and stage
two involved assessing the influence of cumulative
corticosteroid doses on bone density.

The study was conducted in December 2006.
Subjects were children aged 5-18 years who were
either inpatients or outpatients at the Sardjito
Hospital. Subjects were divided into 2 groups, those
with and without NS. Subjects with NS fulfilled the
inclusion criteria: diagnosed with NS more than 2
months prior to data collection, had a fairly complete
medical record and received corticosteroid treatment
at Sardjito Hospital. Non-NS subjects, serving as a
control group, consisted of patients without NS who
were not suffering from chronic diseases associated
with hypoalbuminemia, had no history of consumption
of medication causing disorders of bone metabolism
in the last one year (corticosteroids, methotrexate,
non-steroidal anti-inflammatory drugs (NSAIDs),
anticonvulsants, and rifampicin), and had no history
of absorption disorders such as Crohn's disease,
ulcerative colitis, or celiac disease.

This study was approved by the Commission
on Medical Research Ethics and Health, Medical
School, Gadjah Mada University. Informed consent
was obtained from all subjects’ parents.

We calculated sample size based on the assumption
that the proportion of events in the exposed group
(P1) was 0.5 (50%) and that in the unexposed group
(P2) was 0.15 (15%).7,12 With type 1 error (o) set
at 0.05, Zo. = 1.96 and strength (power) 80%, the
minimum sample size was deemed to be 28 for each
group. Children fulfilling criteria of either group were
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invited consecutively until the required number of
subjects was met.

All subjects underwent blood sampling for mea-
surement of serum albumin, calcium, phosphate and
creatinine levels, as well as assessment of bone mineral
density. Blood levels of the substances listed above
were assessed using a calibrator kit manufactured by
Vitros Chemistry in the Clinical Pathology laboratory
of Sardjito Hospital. Anticoagulants were not added
to the 3 ml blood specimens from each subject to avoid
affecting the assay results.

Specimens were taken directly to the laboratory
or stored at appropriate temperatures (room tempera-
ture, refrigerator or frozen) depending on the type of
examination to be conducted, as serum calcium, phos-
phate and creatinine each have different temperature
stabilities. Assay results were automatically shown
by the calibrator that had been adjusted for quality
parameters with specific reference values.

Bone mineral density on calcaneus was measured
using Ubis Ultrasound densitometric 5000 series.
Measurements were taken three times for each
subject. Means of the three measurements were
calculated and converted into z-scores. Consistency
of the examinations was ensured by using only one
examiner for all laboratory and bone mineral density
measurements.

Comparisons were performed using either t
test or chi-square test according to the type of the
measurement. Logistic regressions were used to assess
multiple risk factors for low bone mineral density.
Pearson’s correlation tests were used to assess the
relationship between cumulative dose and onset of
corticosteroid therapy to BMD.

Results

We recruited 30 subjects with NS and 33 subjects
without NS. Baseline characteristics of the study
subjects are shown in Table 1. Glomerular filtration
rate (GFR), serum phosphate and creatinine
levels were within normal limits and did not differ
significantly between the two groups. There were
significant differences in mean age, BMD, and
serum calcium and albumin levels between the two
groups.

The prevalence of hypocalcemia and low BMD
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in the NS group was significantly higher than in the between age, gender, hypocalcemia and hypoal-
non-NS group (Table 2). Furthermore, children buminemia and low BMD (Table 4). The models
with low BMD had significantly lower levels of serum showed that NS was a significant independent risk
calcium and albumin (Table 3). Multiple logistic factor for low BMD.

regressions were performed to assess the association Within the NS group, there were significant

Table 1. Characteristics of subjects

Characteristics NS Non-NS Mean difference
n=230 n=33 (95% Cl)*
Mean age, months (SD) 110.9 (38.1) 145.4 (8.3) -34.5 (-48.15 t0 -20.95)
Male gender, n 24 20 -
Mean serum calcium, mmol/L (SD) 2.34 (0.28) 2.51 (0.08) -0.17 (-0.27 to -0.07)
Mean BMD (SD) -2.80 (1.25) -1.16 (1.27) -1.63 (-2.27 to -1.01)
Mean serum albumin, g/dL (SD) 35 (1.1) 4.4 (0.21) -0.88 (-1.27 t0 -0.49)
Mean GFR, mL/min per 1.73m2 (SD) 118.4 (20.7) 112.1 (19.1) 6.3 (-3.7510 16.2)
Mean serum creatinine, mg/dL (SD) 0.70 (0.39) 0.76 (0.11) 0.06 (-0.07 to 0.21)
Mean serum phosphate, mmol/L (SD) 1.61 (0.32) 1.53 (0.16) 0.08 (-0.04 to 0.20)
BMD (

* t test except for gender: X2 test

Table 2. Prevalence of hypocalcemia and low BMD

NS Non-NS Prevalence ratio

(95% Cl) P
Prevalence of low BMD 22/30 11/33 6.3 (2.1t0 18.9) <0.001
Prevalence of hypocalcaemia 6/30 0/33 0.009*
*Fisher’s exact test
Table 3. Risk factors for low BMD in NS subjects
Characteristic Low BMD (n=22) Normal BMD (n=8) Mean difference (95% CI) P
Mean age, months (SD) 134.5 (25.4) 123.5 (36.8) -10.8 (-26.7 t0 5.1) 0.18
Male gender, n 20 6 - 0.37*
Mean serum calcium, mmol/L (SD) 2.15 (0.29) 2.35 (0.26) -0.2 (-0.25 10 -0.05) 0.005
Mean serum albumin, g/dL (SD) 3.5(1.13) 3.7 (1.09) -0.5 (-0.93 to -0.06) 0.025
BMD (
* t test except for gender: X? test
Table 4. Multiple logistic regression models for risk of low BMD
. Adjusted OR Adjusted OR Adjusted OR Adjusted OR
Variable (95% Cl) Po "eswcy P @swcy P (95% Cl) P
. * 8.2 7.3 7.7 7.16
Nephrotic syndrome (1910342 9004 (17i531.1) 0007 (1810326) %005 (1719302) 0007
. 2.2 5.4x108
Hypocalcemia t i (0.21 to 22.4) 05 i (0; uncountable) 1
. . 1.7 0
Hypoalbuminemiat# i ) (0.16 to 18.8) 0.6 (0; uncountable) 1
0.9 1.2 1.18 1.1
Gender (male) (0.2510 2.9) 0.8 (0.35t04.3) 0.8 (0.35t04.05) 0.8 (0.34t0 3.9) 0.8
Age(months) 0.99 0.5 0.99 0.5 0.99 0.5 0.99 0.5
(0.9 t0 1.0) (0.9 to 1.01) (0.9 to 1.01) (0.9to0 1,1)

m=male
* with nephrotic syndrome vs. without nephrotic syndrome
1 hypocalcemia vs. normal

# hypoalbuminemia vs. normal
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differences in BMD (P=0.02, One-way ANOVA)
among the three groups of patients based on steroid
responsiveness. Post-hoc tests showed significant
differences between the steroid-sensitive and steroid-
resistant groups (P=0.02), and between the steroid-
sensitive and steroid-dependent groups (P=0.01).
However, no significant difference was observed
between the steroid-resistant and steroid-dependent
groups (P=0.72).

T-test revealed no significant differences in the
mean cumulative dose of corticosteroid (mg / kg)
between children with low BMD compared to those
with normal BMD. There was also no correlation
between cumulative dose of corticosteroids with BMD
(r= 0.2 and P= 0.26, Pearson correlation). However,
there was a significant but weak correlation between
the onset of corticosteroid treatment with BMD (r=
0.3 and P= 0.02, Pearson correlation).

Discussion

We observed lower mean blood calcium levels in
subjects with NS than in non-NS subjects. The
prevalence of hypocalcemia in children with NS was
6/30 children (20%), significantly higher than that in
children without NS (0/33), (P= 0.009, Fischer exact
test). Children with NS have proteinuria, which can
lead to hypoalbuminemia and vitamin D deficiency,
both important factors in calcium metabolism. Similar
findings were also observed in several other studies.
1,2,5,15

The lower than expected prevalence of hypocal-
cemia in the NS group might be related to calcium and
vitamin D supplementation during the active phase
of disease. Supplementation of calcium and vitamin
D has been shown to increase serum calcium levels

in children with NS.16-18

We observed 73.3% of NS subjects had low
BMD, compared to only 33.3% of those without NS.
Increased prevalence of bone density abnormalities
were reported by Gulati et al., who found osteopenia
in 61% and osteoporosis in 22% of cases out of 100
NS subjects.’ In addition, Basitrania et al. reported
12% of 37 NS cases had osteoporosis.!?

Multiple logistic regression analysis showed no
correlation in age, hypocalcemia or hypoalbuminemia
to low BMD. However, NS was observed to be an
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independent risk factor for low BMD. In contrast to
our results, Gulati et al. reported predictive factors for
abnormal bone density in NS patients to be higher age
at onset, low calcium intake, and cumulative dose of
corticosteroids.?

Although we did not observe an association
between cumulative doses of corticosteroids and
BMD (r=0.2 and P=0.26), we saw a correlation
between the age of onset of corticosteroid treatment
and BMD (r=0.3 and P=0.02), i.e. the younger the
age corticosteroid was given, the lower the BMD. It
seemed that low bone density in children with NS was
unlikely to be due to a single factor, neither hypocal-
cemia nor corticosteroid per se, but may be related
to the accumulation of several factors. For example,
hypocalcemia and its secondary hyperparathyroidism,
vitamin D deficiency, child’s age and phase of growth
at onset of exposure to corticosteroid treatment, and
cumulative dose of corticosteroids may contribute to
low BMD'4,6,8,12,14

Basitrania et al. showed that lower BMD in NS
patients was associated with higher cumulative doses
of corticosteroids. These higher doses were observed
in patients who were steroid-dependent, with an
earlier onset of treatment and longer duration of
disease.l> However, Shouman et al. and Mishra et al.
showed that higher cumulative doses of corticosteroids
were not associated with lower bone density in NS
patients.!19  Esbjorner et al. also concluded that
duration of corticosteroid therapy and cumulative
dose of steroids were not associated with bone density
abnormalities.20

We observed that children with NS had a higher
risk for hypocalcaemia and low BMD, although
we could not single out the most important factor
associated with low BMD except for the presence of
NS. In spite of evidence that supplementation with
calcium and vitamin D might reduce the risk for
hypocalcemia, this would not necessarily reduce the
risk for low BMD.16-18

This was the first study assessing the risk for low
BMD in NS patients at Dr. Sardjito Hospital, Yogyakarta.
Although most information was collected directly
obtained primary data, the information on cumulative
doses of corticosteroids were secondary data obtained
from medical records. In addition, some information
on factors affecting BMD was not collected because of
difficulty in obtaining details from the medical records,
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e.g. episodes of hypoalbuminemia and hypocalcaemia,
or use of corticosteroids before referral.

We conclude that NS patients have a higher risk
for low BMD compared to normal subjects. Response
to steroids influenced the severity of impaired bone
density, but cumulative dose of corticosteroids was not
associated with low BMD. Since we did not observe
specific risk factors for low BMD in NS patients,
further studies may be aimed at assessing the detailed
mechanisms of low BMD in patients with NS.
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