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ABSTRACT 1 

Background 2 

Glucocorticoids affect bone turnover. Little is known about how bone turnover 3 

changes when glucocorticoids are discontinued following long-term 4 

administration. 5 

Methods 6 

This retrospective observational study was conducted on the relationship 7 

between discontinuation of long-term administration of glucocorticoid and bone 8 

turnover markers (BTMs) in patients with childhood-onset idiopathic nephrotic 9 

syndrome. Serum bone alkaline phosphatase (BAP), intact procollagen type 1 10 

N-terminal propeptide (P1NP), and tartrate-resistant acid phosphatase-5b 11 

(TRACP-5b) were evaluated as BTMs. 12 

Results 13 

Thirty-eight pairs of BTMs at glucocorticoid administration and after 14 

discontinuation were analyzed in 29 patients. The median age at baseline was 15 

12.4 (interquartile range, 9.0–14.5) years, and the median time from the onset 16 

of nephrotic syndrome was 5.9 (3.3–9.7) years. The mean period from 17 

prednisolone discontinuation to the measurement of BTMs after glucocorticoid 18 
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discontinuation was 3.5±1.0 months. Changes in BTMs after glucocorticoid 1 

discontinuation were modest when the daily prednisolone dose was <0.25 2 

mg/kg/day (ln BAP standard deviation [SD] score, p=0.19; log intact P1NP SD 3 

score, p=0.70; TRACP-5b, p=0.95). When the daily prednisolone dose was 4 

≥0.25 mg/kg/day, all BTMs increased significantly after glucocorticoid 5 

discontinuation (ln BAP SD score, p<0.01; log intact P1NP SD score, p<0.01; 6 

TRACP-5b, p<0.01). 7 

Conclusions 8 

Decreased BTMs can rise within a few months of discontinuing long-term 9 

glucocorticoid administration. When the administered glucocorticoid dose is low, 10 

changes in BTMs may be small. 11 

 12 

Keywords 13 

Bone turnover markers, Children, Glucocorticoid, Nephrotic syndrome, 14 

Rituximab 15 

 16 

  17 



5 
 

INTRODUCTION 1 

Glucocorticoid (GC) has adverse effects on the bone through various 2 

mechanisms, and long-term administration of GC causes osteoporosis, called 3 

GC-induced osteoporosis [1]. GC inhibits bone formation by suppressing 4 

osteoblastogenesis and promoting osteoblast apoptosis [2]. Although there are 5 

various reports on the effects of GC on bone resorption with some inconsistent 6 

results [1, 3], GC stimulates bone resorption, at least in the early stage of GC 7 

administration, promotes osteoclastogenesis and maturation of osteoclasts, and 8 

prolongs osteoclast survival [1, 4]. 9 

At the consensus conference in 2000 by the National Institute of Health, 10 

osteoporosis was defined as “a skeletal disorder characterized by compromised 11 

bone strength predisposing a person to an increased risk of fracture [5].” Bone 12 

strength is determined by bone density and bone quality [5]. Therefore, it is 13 

important to evaluate bone health from static and dynamic aspects [6]. The 14 

former representatives are bone mineral density (BMD) measurement by dual-15 

energy X-ray absorptiometry (DXA) or peripheral quantitative computed 16 

tomography, and the latter representatives are bone biopsy or measurement of 17 

bone turnover markers (BTMs). BTMs are used to monitor treatment response 18 
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and, to a certain degree, predict fractures in osteoporosis treatment in adults 1 

[7]. BTMs are divided into bone formation and resorption markers [6]. Bone 2 

formation markers are enzymes of osteoblasts or substances produced during 3 

collagen formation that reflect the activity of osteoblasts. Bone resorption 4 

markers are enzymes of osteoclasts or collagen degradation products, which 5 

reflect the activity of osteoclasts. 6 

Many studies on changes in BTMs shortly after initiating GC 7 

administration have reported that bone formation markers decreased in most 8 

cases [8–15]. Studies on changes in bone resorption markers after the initiation 9 

of GC are conflicting, with many reports indicating an increase in bone 10 

resorption markers in adults and a decrease in children [8–11, 13, 14, 16]. The 11 

reason for this difference is poorly understood. 12 

There are few reports on changes in BTMs after the discontinuation of 13 

GC. Previous reports have suggested that if the duration of GC administration is 14 

relatively short, changed BTMs appear to recover rapidly after discontinuation of 15 

GC [13, 17–19]. However, changes in BTMs after the discontinuation of long-16 

term GC administration have not been well described. 17 
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In recent years, as rituximab has been administered to maintain 1 

remission of nephrotic syndrome (NS), GC administration can be stopped, at 2 

least temporarily, even in patients forced to continue long-term GC 3 

administration [20, 21]. The main objective of the present study was to 4 

investigate changes in BTMs after discontinuation of long-term GC 5 

administration in patients with childhood-onset idiopathic NS who could 6 

discontinue GC after rituximab administration. 7 

  8 
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METHODS 1 

Study design and participants 2 

This retrospective observational study was conducted on Japanese 3 

patients with childhood-onset idiopathic NS who were admitted and received the 4 

first administration of rituximab at a tertiary medical center in Japan between 5 

January 2015 and March 2021. These patients had attended the tertiary center 6 

or were referred to the center from other hospitals in Hokkaido, Japan, due to 7 

the refractory course of NS and possible indications for rituximab administration. 8 

In almost all the patients who were administered rituximab, BTMs were 9 

measured at every rituximab administration as a routine practice. Some of the 10 

subjects in the present study were participants of a previously performed clinical 11 

study to assess the usefulness of rituximab in pediatric NS [22]. In addition, for 12 

a part of the subjects in the present study, the effects of rituximab administration 13 

on glucose tolerance or quality of life have already been reported elsewhere 14 

[23, 24]. The plan of the present study was posted on the hospital website, and 15 

the subjects could refuse to be included by the opt-out method. The ethical 16 

review board of Hokkaido University Hospital approved this study (study 17 

number: 021-0094). 18 
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Patient information and data were extracted from the electronic medical 1 

records. Patients were eligible when the following conditions were met: 1) <18 2 

years old at the first administration of rituximab, 2) received at least two doses 3 

of rituximab, and 3) BTMs were measured each time of rituximab administration 4 

and BTMs at GC administration and after GC discontinuation could be 5 

consecutively evaluated. Data <18 years of age were included for each patient, 6 

and those ≥18 years of age were excluded from the analysis. Patients were 7 

excluded when they had fractures within a year before the BTMs measurement 8 

to be analyzed, had disorders that can influence bone turnover, or took 9 

medications that can affect bone turnover. The period “a year” from fracture to 10 

BTMs measurement was determined based on reports that some BTMs may 11 

take up to a year after fracture to return to baseline levels [25]. Although 12 

administration of vitamin D may affect bone turnover [26], more than half of the 13 

subjects in the present study were taking an activated vitamin D3 analog, and 14 

these patients were included. Although it is not known how the nephrotic state 15 

affects BTMs, serum BTMs measured in the presence of proteinuria were also 16 

included in the analysis. 17 

 18 
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Definitions 1 

Childhood-onset idiopathic NS was defined as NS with an onset before 2 

the age of 18 years and with no apparent causative or systemic disorder. NS 3 

was diagnosed by a first-morning urine protein to creatinine ratio ≥2.0 g/g 4 

creatinine and serum albumin <2.5 g/dL [27]. Remission was defined as a first-5 

morning urinary protein negative or trace by urine dipstick for three consecutive 6 

days [27]. Relapse was defined as a first-morning urinary protein ≥3+ on a urine 7 

dipstick for three consecutive days [27]. Frequently relapsing NS (FRNS) was 8 

defined as having ≥ two relapses within six months after the first remission or ≥ 9 

four relapses within 12 months [27]. Steroid-dependent NS (SDNS) was defined 10 

as two consecutive relapses during GC tapering or within two weeks after the 11 

discontinuation of GC [27]. Steroid-resistant NS (SRNS) was defined as the 12 

absence of remission after daily GC administration for four weeks [28]. 13 

 14 

GC administration and rituximab 15 

The GC administration method from the onset of NS to the first 16 

administration of rituximab in each patient was at the discretion of the treating 17 

physicians. Rituximab was administered every four to six months, and the total 18 
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number of administrations of rituximab varied from 2 to 10, depending on the 1 

patient’s condition. To prevent infusion reaction, intravenous methylprednisolone 2 

1–1.5 mg/kg (125 mg for patients with a body weight of ≥50 kg or ≥16 years 3 

old), oral acetaminophen, and oral d-chlorpheniramine maleate were 4 

administered 30 minutes before rituximab administration.  5 

After introducing rituximab, GC was tapered off as following method 6 

based on our established protocol (Fig. 1): When prednisolone (PSL) was 7 

administered daily at the time of rituximab administration, tapering was initiated 8 

after two weeks. The daily dose remained unchanged and was administered on 9 

alternate days from two weeks after rituximab administration (e.g., from 60 10 

mg/day to 60 mg on alternate days), then halved every two weeks, and 11 

discontinued (e.g., 60 mg on alternate days, two weeks; 30 mg on alternate 12 

days, two weeks; 15 mg on alternate days, two weeks; 7.5 mg on alternate 13 

days, two weeks; off). When PSL was administered on alternate days at the 14 

time of rituximab administration, the dose was halved from two weeks after 15 

rituximab administration on alternate days and then halved every two weeks 16 

after. In case of relapse after the introduction of rituximab, GC administration 17 

was performed as follows. PSL 60 mg/m2 or 2 mg/kg (maximum 60 mg) was 18 
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administered daily until remission and was tapered as follows: 60 mg/m2 or 2 1 

mg/kg (maximum 60 mg) on alternate days, two weeks; 30 mg/m2 or 1 mg/kg 2 

(maximum 30 mg) on alternate days, two weeks; 15 mg/m2 or 0.5 mg/kg 3 

(maximum 15 mg) on alternate days, two weeks; 7.5 mg/m2 or 0.25 mg/kg 4 

(maximum 7.5 mg) on alternate days, two weeks; off. Regarding the PSL 5 

administration after the introduction of rituximab, there were minor modifications 6 

at the treating physicians’ discretion. 7 

 8 

Data collection and analysis 9 

The first time point of measurement of BTMs at GC administration to be 10 

analyzed in each patient was defined as "baseline." The first administration of 11 

rituximab in each patient was not necessarily the baseline. The extracted 12 

baseline data included sex, histopathologic type, history of SRNS, number of 13 

relapses, age at onset of NS, age at baseline, duration of NS, administration of 14 

immunosuppressants, height, weight, body mass index (BMI), laboratory data 15 

(BTMs, serum albumin, creatinine, calcium, phosphate, intact parathyroid 16 

hormone (PTH)), lumbar BMD, the presence or absence of activated vitamin D3 17 

analog administration, and information on PSL administration. For height, 18 
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weight, and BMI (weight in kilograms divided by height in meters squared), 1 

standard deviation (SD) scores were calculated using standard data from 2 

Japanese children [29, 30].  3 

As a routine practice, before each rituximab administration (on the day 4 

of administration or within a few days before), non-fasting blood was collected 5 

between 10 am and 12 am. The measured BTMs were serum bone alkaline 6 

phosphatase (BAP) and serum intact procollagen type 1 N-terminal propeptide 7 

(P1NP) as bone formation markers and serum tartrate-resistant acid 8 

phosphatase-5b (TRACP-5b), as a bone resorption marker. The estimated 9 

glomerular filtration rate was calculated using the creatinine-based Japanese 10 

pediatric formula [31]. When the serum albumin concentration was <4 g/dL, the 11 

serum calcium concentration was corrected using the following formula: 12 

adjusted calcium concentration (mg/dL) = measured calcium concentration 13 

(mg/dL) + (4 – albumin concentration (g/dL)). Lumbar BMD was measured by 14 

DXA using Hologic Discovery-A (Hologic, Inc., Marlborough, MA, USA). BMD 15 

was measured from the first to the fourth lumbar vertebrae in children <6 years 16 

old and from the second to the fourth lumbar vertebrae in children ≥6 years old, 17 

respectively, according to manufacturer's instruction. Calibration was performed 18 
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daily using a lumbar phantom. BMD values were converted to Z-scores based 1 

on the manufacturer-provided reference values for age and sex in Japanese 2 

children. 3 

The daily PSL dose at the time of BTM measurement at GC 4 

administration was converted to the PSL dose per body weight (mg/kg/day). 5 

When PSL was administered on alternate days, the value divided by two was 6 

considered the daily PSL dose (e.g., when PSL 30 mg was administered on 7 

alternate days, the daily PSL dose was 15 mg/day). BTMs at GC administration 8 

and consecutive BTMs after GC discontinuation were set as a "pair" (Fig. 1), 9 

and changes in BTMs were assessed. When appropriate, the analysis of 10 

multiple pairs of BTMs in the same patient was allowed. 11 

 12 

Biochemical analysis 13 

For samples for BTM measurement, the blood was centrifuged within an 14 

hour after blood collection, and the serum was stored at -80°C until analysis. 15 

The BTMs were measured according to the manufacturer's instructions. Serum 16 

BAP was measured using a chemiluminescent enzyme immunoassay (Access 17 

Ostase, Beckman Coulter, Brea, CA, USA); the intra-assay coefficient of 18 
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variation (CV) was 1.5–2.6%. Serum intact P1NP was measured using a 1 

radioimmunoassay (Procollagen Intact PINP, FUJI-REBIO, Tokyo, Japan); the 2 

intra-assay CV was ≤15%. Serum TRACP-5b levels were measured using an 3 

enzyme-linked immunosorbent assay (Osteolinks TRAP-5b, SB Bioscience, 4 

Tokyo, Japan); the intra-assay CV was ≤15%. For BAP and intact P1NP, SD 5 

scores were calculated after natural logarithmic and logarithmic transformation, 6 

respectively, using age- and sex-specific reference data in European children 7 

[32, 33] because it has been reported that BAP and intact P1NP are not 8 

normally distributed by age. For TRACP-5b, the measured values were used 9 

because no significant changes in puberty were reported [32]. 10 

 11 

Primary outcome 12 

The relationship between daily PSL dose at GC administration and 13 

changes in BTMs after GC discontinuation was investigated. 14 

 15 

Statistical analysis 16 

Missing data were excluded from the analysis. The normality of data 17 

was assessed using the Shapiro-Wilk test. Categorical variables were 18 
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presented as frequencies and proportions. Continuous variables were 1 

expressed as mean and SD or median and interquartile range, according to the 2 

distribution of the data. Continuous variables between two groups were 3 

analyzed using the Student’s t-test, the paired t-test or Wilcoxon signed-rank 4 

test, as appropriate. Correlations between two variables were assessed using 5 

Pearson’s correlation coefficient. P value <0.05 was considered statistically 6 

significant. Statistical analyses were performed using JMP Pro 16.2.0 (SAS 7 

Institute Inc., Cary, NC, USA). 8 

 9 

RESULTS 10 

Of the 49 patients who received their first dose of rituximab between 11 

January 2015 and March 2021, 37 were eligible (Fig. 2). Eight patients were 12 

excluded due to bisphosphonate treatment history, endocrine disorders, or 13 

recent fractures. Finally, 29 patients were analyzed, a total of 38 pairs of BTMs 14 

at GC administration and after GC discontinuation. The analyzed pairs of BTMs 15 

included one pair in 21 patients, two in 7 patients, and three in 1 patient. 16 

The baseline clinical characteristics of the 29 patients are presented in 17 

Table 1. Female patients were 11 (38%), and males 18 (62%). Seven (24%) 18 
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patients had a history of SRNS. The median age of onset of NS was 3.8 (2.6–1 

6.6) years old, the median age at baseline was 12.4 (9.0–14.5) years old, and 2 

the median duration of NS was 5.9 (3.3–9.7) years. Due to a lack of detailed 3 

data, the actual duration of GC administration was determined in only 13 4 

patients (44%), which was 4.4±3.0 years. Mean SD scores for height, weight, 5 

and BMI at baseline were -1.26±1.26, -0.25±1.24, and 0.43±1.19, respectively 6 

(n = 28 due to missing height data for a patient). Twenty (69%) patients were 7 

administered an activated vitamin D3 analog at baseline. 8 

The characteristics of the 38 pairs of BTMs measured at GC 9 

administration and after GC discontinuation are shown in Table 2. The median 10 

time from the most recent GC dose increase due to relapse to the measurement 11 

of BTMs at GC administration was 40 (17–118) days. The median daily PSL 12 

dose at GC administration was 17.5 (4.7–31.3) mg/day, 0.44 (0.11–0.98) 13 

mg/kg/day. PSL was administered daily in 16 pairs (42%) and on alternate days 14 

in 22 pairs (58%) at GC administration. The mean period from discontinuation of 15 

PSL to the measurement of BTMs after discontinuation of GC was 3.5±1.0 16 

months. The median age at GC administration and after GC discontinuation 17 

was 12.8 (9.7–14.6) and 13.3 (10.2–15.1) years old, respectively. The height SD 18 



18 
 

score was higher, and the weight and BMI SD scores were lower after GC 1 

discontinuation than at GC administration. The serum albumin levels were 2 

higher after GC discontinuation than at GC administration. Serum phosphate 3 

levels were higher after GC discontinuation. Although serum intact PTH levels 4 

were lower after GC discontinuation, the levels remained within the normal 5 

range. 6 

Changes in BTMs between GC administration and discontinuation are 7 

shown in Table 3. All BTMs were significantly higher after GC discontinuation 8 

than at GC administration (BAP:56.1 (31.0–74.5) μg/L vs. 96.4 (57.4–109.6) 9 

μg/L, p<0.01; intact P1NP:170.6 (97.1–415.1) μg/L vs. 476.3 (314.7–703.2) 10 

μg/L, p<0.01; TRACP-5b:16.1±5.6 U/L vs. 20.8±8.2 U/L, p<0.01). For BAP and 11 

intact P1NP, these differences were significant even after conversion to SD 12 

scores (ln BAP SD score: 0.06 (-0.71–0.93) vs. 1.43 (0.89–1.79), p<0.01; log 13 

intact P1NP SD score: -2.78 (-4.36–2.74) vs. 0.11 (-0.58–1.22), p<0.01). 14 

Correlations between changes in factors that can affect born turnover 15 

and changes in BTMs after GC discontinuation are shown in Table 4. The daily 16 

PSL dose (mg/kg/day) showed significant positive correlations with changes in 17 

all BTMs. In contrast, changes in height SD score, serum albumin, phosphate, 18 
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and intact PTH levels after GC discontinuation did not significantly correlate with 1 

changes in any BTMs. 2 

To investigate the effect of daily PSL dose at GC administration on 3 

changes in BTMs after GC discontinuation, we assessed the changes in BTMs 4 

after GC discontinuation by categorizing them into the following four groups 5 

according to daily PSL dose at GC administration: PSL <0.25 mg/kg/day, 0.25–6 

0.49 mg/kg/day, 0.50–0.99 mg/kg/day, and ≥1.0 mg/kg/day (Fig. 3). Because 7 

the thresholds of daily PSL dose affecting BTMs are unknown, these cutoff 8 

values were determined based on the method of PSL tapering at the relapse of 9 

NS in children (i.e., modified International Study of Kidney Disease in Children 10 

regimen in the Clinical practice guideline for pediatric idiopathic nephrotic 11 

syndrome in Japan [34]). Changes in BTMs tended to be mild when the daily 12 

PSL dose at GC administration was <0.25 mg/kg/day, and BTMs tended to be 13 

elevated in the other three groups. 14 

Based on this result, changes in BTMs after GC discontinuation were 15 

analyzed in two groups according to daily PSL dose with a cutoff of 0.25 16 

mg/kg/day (Fig. 4). The median daily PSL dose at GC administration was 0.08 17 

(0.07–0.14) mg/kg/day in the group with a daily PSL dose <0.25 mg/kg/day and 18 
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0.90 (0.47–1.19) mg/kg/day in the group with a daily PSL dose ≥0.25 1 

mg/kg/day, respectively. In the group with a daily PSL dose <0.25 mg/kg/day (14 2 

pairs), PSL was administered daily in 1 pair and on alternate days in 13 pairs. In 3 

the group with a daily PSL dose ≥0.25 mg/kg/day (24 pairs), PSL was 4 

administered daily in 15 pairs and on alternate days in 9 pairs. Changes in 5 

BTMs were modest when the daily PSL dose was <0.25 mg/kg/day (ln BAP SD 6 

score: 0.68 (-0.00–1.74) vs. 1.32 (0.38–1.86), p=0.19; log intact P1NP SD 7 

score: -0.34 (-1.15–1.07) vs. 0.03 (-0.78–0.50), p=0.70; TRACP-5b: 18.5 (13.6–8 

21.5) U/L vs. 16.9 (13.4–25.1) U/L, p=0.95). However, when the daily PSL dose 9 

was ≥0.25 mg/kg/day, BTMs after GC discontinuation were significantly higher 10 

than those at GC administration (ln BAP SD score: -0.45 (-1.32–0.38) vs. 1.42 11 

(1.30–1.75), p<0.01; log intact P1NP SD score: -3.81 (-4.92–-2.75) vs. 0.56 (-12 

0.47–1.41), p<0.01; TRACP-5b: 13.6 (11.1–18.1) U/L vs. 21.6 (14.0–27.7) U/L, 13 

p<0.01). In addition, for the BTMs at GC administration (‘pre’ in Fig. 4), all BTMs 14 

tended to be in the normal range in the group with a daily PSL dose <0.25 15 

mg/kg/day, while those in the group with a daily PSL dose ≥0.25 mg/kg/day 16 

were lower (ln BAP SD score: 0.68 (-0.00–1.74) vs. -0.45 (-1.32–0.38), p<0.01; 17 
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log intact P1NP SD score: -0.34 (-1.15–1.07) vs. -3.81 (-4.92–-2.75), p<0.01; 1 

TRACP-5b: 18.5 (13.6–21.5) U/L vs. 13.6 (11.1–18.1) U/L, p<0.05). 2 

In the group with a daily PSL dose <0.25 mg/kg/day, both lumbar BMD 3 

and BMD Z-score increased significantly after GC discontinuation (lumbar BMD: 4 

0.62 (0.56–0.76) g/cm2 vs. 0.69 (0.61–0.80) g/cm2 (p<0.01); lumbar BMD Z-5 

score: -2.1 (-3.7–-1.1) vs. -1.8 (-3.2–-0.9) (p<0.05). In the group with a daily 6 

PSL dose ≥0.25 mg/kg/day, lumbar BMD increased significantly, while BMD Z-7 

score also increased. However, the latter did not reach statistical significance 8 

(lumbar BMD: 0.61 (0.53–0.77) g/cm2 vs. 0.68 (0.54–0.81) g/cm2 (p<0.01); 9 

lumbar BMD Z-score -2.1 (-3.2–-1.3) vs. -1.9 (-2.8–-0.5) (p=0.09). 10 

 11 

DISCUSSION 12 

The present study suggests that decreased BTMs can rise within a few 13 

months after discontinuing long-term GC administration. In addition, when the 14 

administered GC dose is low, changes in BTMs may be small. 15 

The present study showed that BTMs, which decreased due to long-16 

term GC administration for several years, could increase after discontinuation of 17 

GC in children with idiopathic NS. Other than GC, various factors affect bone 18 
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turnover, including age, sex, growth, puberty, exercise, and diet [7]. Moreover, 1 

BTMs are difficult to interpret in rapidly growing children [6]. In the present 2 

study, increases in height SD scores were observed after GC discontinuation, 3 

reflecting an increase in growth rate after GC cessation. In addition, when 4 

measuring BTMs at GC administration, serum albumin levels were low, 5 

reflecting the difficulty in controlling NS relapse before rituximab administration. 6 

Serum phosphorus levels were higher, and serum intact PTH levels were lower 7 

after GC discontinuation than at GC administration, possibly related to relapse. 8 

These factors may have contributed to changes in BTMs. However, while the 9 

daily PSL dose at GC administration showed a significant correlation with 10 

changes in BTMs, changes in height SD score, levels of serum albumin, serum 11 

phosphorus and serum intact PTH did not significantly correlate with changes in 12 

BTMs, suggesting that GC discontinuation was the main contributor to changes 13 

in BTMs. 14 

The reversibility of BTMs after discontinuing long-term GC 15 

administration observed in the present study is consistent with reports that 16 

osteocalcin, a bone formation marker, increased within days to weeks after 17 

surgery in patients with Cushing's syndrome, a condition in which exposure to 18 
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endogenous GC exists [35, 36]. Future studies are needed to determine 1 

whether the reversal of decreased BTMs is related to clinical outcomes such as 2 

future BMD or fracture risk. On the other hand, in a retrospective study in Italy, 3 

results contrary to ours have been reported on the relationship between GC and 4 

a bone formation marker [15]. Osteocalcin, a bone formation marker, at the time 5 

of GC initiation, GC discontinuation (2.44±0.75 years after GC initiation), and a 6 

year after GC discontinuation were assessed in pediatric patients with NS. The 7 

levels of osteocalcin at the time of GC discontinuation were higher than those at 8 

GC initiation and then decreased a year after GC discontinuation. In this study, 9 

the number of relapses was low (2.86±0.83), and it may be possible that the GC 10 

dose could be reduced to a low level at the time of GC discontinuation (although 11 

the exact daily GC dose at the measurement of osteocalcin was not mentioned 12 

in the paper), or that change in osteocalcin at measurement was influenced by 13 

the prepubertal state. 14 

It was suggested that when the administered GC dose is low, changes 15 

in BTMs may be small. In the present study, when the daily PSL dose was 16 

<0.25 mg/kg/day, all BTMs at GC administration tended to be in the normal 17 

range. In the group with a daily PSL dose <0.25 mg/kg/day, PSL was 18 
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administered on alternate days in most pairs, which may have contributed to the 1 

mild changes in BTMs. A study from Turkey that assessed osteocalcin levels 2 

before initiating GC and after 12 weeks of GC administration in 20 pediatric NS 3 

patients (4 at initial onset and 16 at relapse) found that osteocalcin decreased 4 

after 12 weeks of GC administration [12]. In this study, osteocalcin levels in 5 

patients with FRNS decreased significantly compared to those in infrequent 6 

relapsers. The study concluded that the greater the cumulative dose of GC, the 7 

greater the change in osteocalcin. Although the daily GC dose at the time of 8 

osteocalcin measurement is not described, the results are similar to the present 9 

study in that the higher the GC dose, the stronger the effect on BTMs. 10 

Regarding BMD, lumbar BMD and BMD Z-score increased after GC 11 

discontinuation in each group in the present study. However, the lumbar BMD Z-12 

score in the group with a daily PSL dose <0.25 mg/kg/day increased 13 

significantly, while the increase in BMD Z-score in the group with a daily PSL 14 

dose ≥0.25 mg/kg/day did not reach statistical significance. It is possible that 15 

lower GC dose and smaller decrease in BTMs might be associated with 16 

improvement in BMD. However, no definitive conclusion can be drawn from the 17 

present study. It should be noted that the PSL cutoff value of 0.25 mg/kg/day in 18 
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the present study was derived from the analysis process in this study and does 1 

not represent the threshold or safety margin for adverse effects of GC on bone 2 

health. A prospective study of 100 pediatric NS patients in India evaluated BMD 3 

after long-term GC administration [37, 38]. BMD at 3.2±2.7 years after NS onset 4 

were lower in patients with FRNS, SDNS, and SRNS, who had taken higher GC 5 

doses, than those with infrequent relapses. The report concluded that a greater 6 

cumulative GC dose is a risk factor for GC-induced osteoporosis. On the other 7 

hand, even small doses of GC (average 71 μg/day as PSL) have been reported 8 

to increase the risk of fracture in adults [39], suggesting that lower GC dose 9 

may not necessarily prevent fractures. In addition, it was reported that, in 10 

postmenopausal women, even administration of 5 mg/day of PSL decreased 11 

bone formation markers [40]. The responsiveness of BTMs to GC may differ 12 

between children and adults. 13 

In adults, BTMs are clinically applied to monitor the response to 14 

treatment for osteoporosis and, to some extent, may be useful in predicting 15 

fracture risk [7]. Because GC-induced osteoporosis is rarely treated 16 

aggressively in children, unlike in adults, and because it is difficult to evaluate 17 

BTMs due to the effects of growth and puberty on bone turnover [6, 41], the 18 
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clinical application of BTMs has not progressed in children. However, in recent 1 

years, there have been increasing reports on the usefulness and safety of 2 

bisphosphonates, which are off-label in most countries, as a treatment for 3 

pediatric GC-induced osteoporosis [42] and may become an option for future 4 

treatment. In addition, with the advent of new anti-osteoporosis drugs, such as 5 

anti-receptor activator of nuclear factor-kappa B ligand antibody, recombinant 6 

human PTH, or anti-sclerostin antibody [42], BTMs may be used to monitor 7 

therapeutic effects in the clinical trial stage or actual clinical settings in children 8 

in the future. 9 

This study has several limitations. First, it was a retrospective study; 10 

hence, we could not evaluate the pubertal stage, calcium and vitamin D intake, 11 

and serum 25-hydroxyvitamin D levels, which can affect bone turnover. Second, 12 

regarding PSL dose, only the daily PSL dose at the time of BTM measurement 13 

was evaluated, and the cumulative PSL dose or average PSL dose over a 14 

certain period could not be evaluated. Third, BTMs were standardized using 15 

European pediatric data [32, 33] because there is no reference data on BTMs in 16 

Japanese children. 17 
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A strength of the present study is that it assessed BTMs in patients with 1 

NS. Although cytokine elevations have been reported in NS [43], it is considered 2 

an easy-to-use model for the effects of GC on bone rather than rheumatic 3 

disease or inflammatory bowel disease due to the absence of significant 4 

systemic inflammation [44]. Because the present study is retrospective and 5 

lacks data, we could not evaluate BTMs before GC initiation and cumulative GC 6 

dose, and there could be confounding factors for GC dose and changes in 7 

BTMs, such as immunosuppressants other than GC and puberty. In the future, 8 

prospective studies on changes in BTMs, including data before initiation or dose 9 

escalation of GC due to relapse in patients with SDNS or FRNS regardless of 10 

rituximab administration, may clarify the association between GC and changes 11 

in BTMs. 12 

In conclusion, decreased BTMs can rise within a few months after 13 

discontinuing long-term GC administration. When the administered GC dose is 14 

low, changes in BTMs may be small. 15 
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Figure Captions 1 

Fig. 1 Scheme for BTM measurement and PSL tapering method. We 2 

administered rituximab every 4–6 months, and BTMs were measured at the 3 

same time as rituximab. When a patient took PSL at the time of rituximab 4 

administration, PSL was tapered off every two weeks after administration of 5 

rituximab. If we obtained a pair of BTMs at GC administration and after GC 6 

discontinuation, we assessed the changes in these BTMs. Daily PSL dose at 7 

GC administration was assessed. Abbreviations: BTMs, bone turnover markers; 8 

GC, glucocorticoid; PSL, prednisolone; RTX, rituximab 9 

 10 

Fig. 2 Flow diagram of the patients. Abbreviations: BTMs, bone turnover 11 

markers; GH, growth hormone; RTX, rituximab 12 

 13 

Fig. 3 Changes in BTMs after GC discontinuation stratified by daily PSL dose at 14 

GC administration. Changes in (a) ln BAP SD score, (b) log intact P1NP SD score, 15 

and (c) TRACP-5b are shown by daily PSL dose at GC administration for <0.25 16 

mg/kg/day, 0.25–0.49 mg/kg/day, 0.50–0.99 mg/kg/day, and ≥1.0 mg/kg/day. Pre: 17 

at GC administration, post: after GC discontinuation. The number of pairs 18 
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analyzed are shown in the figure. For the group with a daily PSL dose <0.25 1 

mg/kg/day at GC administration, changes in BTMs after GC discontinuation tend 2 

to be milder than those of the other groups. Abbreviations: BAP, bone alkaline 3 

phosphatase; BTMs, bone turnover markers; GC, glucocorticoid; PSL, 4 

prednisolone; P1NP, procollagen type 1 N-terminal propeptide; SD, standard 5 

deviation; TRACP-5b, tartrate-resistant acid phosphatase-5b 6 

 7 

Fig. 4 Changes in BTMs after GC discontinuation stratified by daily PSL dose 8 

with a cutoff of 0.25 mg/kg/day at GC administration. Changes in (a) ln BAP SD 9 

score, (b) log intact P1NP SD score, and (c) TRACP-5b are stratified according 10 

to daily PSL dose with a cutoff of 0.25 mg/kg/day. Pre: at GC administration, post: 11 

after GC discontinuation. Thirty-seven, 33, and 38 pairs of BTMs are analyzed for 12 

ln BAP SD score, log intact P1NP SD score, and TRACP-5b, respectively. There 13 

are no significant changes in BTMs after discontinuation of PSL at a dose <0.25 14 

mg/kg/day, whereas there are significant increases in BTMs after discontinuation 15 

of PSL at a dose ≥0.25 mg/kg/day. Abbreviations: BAP, bone alkaline 16 

phosphatase; BTMs, bone turnover markers; GC, glucocorticoid; PSL, 17 

prednisolone; P1NP, procollagen type 1 N-terminal propeptide; SD, standard 18 
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deviation; TRACP-5b, tartrate-resistant acid phosphatase-5b  1 
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Table 1 Baseline clinical characteristics of the patients (n = 29) 

Sex Female   11 (38%) 

Male   18 (62%) 

Histopathology MGA   19 (66%) 

FSGS   1 (3%) 

Biopsy not done  9 (31%) 

History of SRNS 7 (24%) 

Number of relapses before baseline 1–10   12 (41%) 

11–20   8 (28%) 

21–30   3 (10%) 

NA   6 (21%) 

Age at onset of NS, years old 3.8 (2.6–6.6) 

Age at baseline, years old 12.4 (9.0–14.5) 

Duration of NS before baseline, years 5.9 (3.3–9.7) 

Immunosuppressants until baseline Cyclosporine  13 (45%) 

Cyclosporine and mizoribine 9 (31%) 

Mizoribine   7 (24%) 

Height at baselinea, cm 135.8 ± 17.0 

Height SD score at baselinea -1.26 ± 1.26 

Body weight at baselinea, kg 36.9 ± 10.5 

Body weight SD score at baselinea -0.25 ± 1.24 

BMI at baselinea, kg/m2 19.3 (16.5–20.8) 

BMI SD score at baselinea 0.43 ± 1.19 

Vitamin D3 administration at baseline 20 (69%) 

Categorical variables are shown as numbers (percentages). Continuous variables are shown as 

mean ± SD or median (interquartile range). The first time point of measurement of bone turnover 

markers at glucocorticoid administration to be analyzed in each patient is set as "baseline." 

a n = 28 due to insufficient data on height in a patient. 

Abbreviations: BMI, body mass index; FSGS, focal segmental glomerulosclerosis; MGA, minor 

glomerular abnormalities; NA, not available; NS, nephrotic syndrome; SD, standard deviation; 

SRNS, steroid-resistant nephrotic syndrome 
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Table 2 Characteristics of the patients in the 38 pairs of BTM measurements at 

GC administration and after GC discontinuation 

 At GC administration After GC discontinuation P value 

Period after last PSL dose increase due to 

relapsea, days 

40 (17–118)           

Period after last PSL dose changeb, days 15 (9–29)           

Daily PSL dosec, mg/day 17.5 (4.7–31.3)           

Daily PSL dosec, mg/kg/day 0.44 (0.11–0.98)           

Administration method of PSL Daily  16 (42%) 

On alternate days 22 (58%) 

          

Period after PSL discontinuation, months      3.5 ± 1.0      

Vitamin D3 administration 25 (66%) 28 (74%)      

Age, years old 12.8 (9.7–14.6) 13.3 (10.2–15.1) < 0.01 

Heightd, cm 138.4 ± 16.4 141.2 ± 15.8 < 0.01 

Height SD scored -1.29 ± 1.15 -1.19 ± 1.09 < 0.01 

Body weightd, kg 39.8 ± 11.8 39.5 ± 11.9 0.55 

Body weight SD scored -0.18 ± 1.22 -0.48 ± 1.18 < 0.01 

BMId, kg/m2 19.9 (17.1–23.0) 18.7 (16.4–22.1) < 0.01 

BMI SD scored 0.50 ± 1.19 0.12 ± 1.15 < 0.01 

Albumin, g/dL 4.0 ± 0.5 4.5 ± 0.2 < 0.01 

Creatinine, mg/dL 0.42 ± 0.10 0.46 ± 0.12 < 0.01 

Estimated GFRd, mL/min/1.73m2 125.3 ± 19.5 121.1 ± 19.7 0.17 

Adjusted calcium, mg/dL 9.6 (9.4–9.8) 9.7 (9.4–10.0) 0.23 

Phosphate, mg/dL 4.0 ± 0.6 4.4 ± 0.5 < 0.01 

Intact PTH, pg/mL 41 ± 20 32 ± 17 < 0.01 

Categorical variables are shown as numbers (percentages). Continuous variables are shown as mean ± SD or median (interquartile 

range). 

a n = 34 due to insufficient data on PSL administration in four pairs. 

b n = 35 due to insufficient data on PSL administration in three pairs. PSL dose change means an increase of PSL dose due to relapse 

or a reduction of PSL dose as a tapering process. 

c When PSL was administered on alternate days, the value divided by two was taken as the daily PSL dose (e.g., when PSL 30 mg was 

administered on alternate days, then the daily PSL dose was 15 mg/day). 

d n = 37 due to insufficient data on height in a pair. 

Abbreviations: BMI, body mass index; BTMs, bone turnover markers; GC, glucocorticoid; GFR, glomerular filtration rate: PSL, 
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prednisolone; PTH, parathyroid hormone; SD, standard deviation 

 

 

 

Table 3 Changes in BTMs after GC discontinuation 

 At GC administration After GC discontinuation P value 

BAPa, μg/L 56.1 (31.0–74.5) 96.4 (57.4–109.6) < 0.01 

ln BAP SD scorea 0.06 (-0.71–0.93) 1.43 (0.89–1.79) < 0.01 

Intact P1NPb, μg/L 170.6 (97.1–415.1) 476.3 (314.7–703.2) < 0.01 

log intact P1NP SD scoreb -2.78 (-4.36–2.74) 0.11 (-0.58–1.22) < 0.01 

TRACP-5bc, U/L 16.1 ± 5.6 20.8 ± 8.2 < 0.01 

Continuous variables are shown as mean ± SD or median (interquartile range). 

a Analyzed in 37 pairs due to a lack of data in a pair. 

b Analyzed in 33 pairs due to a lack of data in five pairs. 

c Analyzed in 38 pairs. 

Abbreviations: BAP, bone alkaline phosphatase; BTMs, bone turnover markers; GC, glucocorticoid; P1NP, procollagen type 1 N-

terminal propeptide; SD standard deviation; TRACP-5b, tartrate-resistant acid phosphatase-5b 
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Table 4 Correlations between changes in factors that can affect born turnover 

and changes in BTMs after GC discontinuation 

 Change in ln BAP SD scorea Change in log intact P1NP SD 

scoreb 

Change in TRACP-5b (U/L)c 

Daily PSL dose (mg/kg/day) at 

GC administration 

r = 0.38 p < 0.05 r = 0.56 p < 0.01 r = 0.33 p < 0.05 

Change in height SD score r = 0.10 p = 0.56 r = 0.20 p = 0.27 r = 0.24 p = 0.14 

Change in albumin (g/dL) r = 0.16 p = 0.36 r = 0.29 p = 0.10 r = 0.14 p = 0.39 

Change in phosphate (mg/dL) r = -0.05 p = 0.79 r = 0.21 p = 0.24 r = 0.19 p = 0.25 

Change in intact PTH (pg/mL) r = -0.04 p = 0.83 r = -0.26 p = 0.15 r = -0.24 p = 0.14 

a Analyzed in 37 pairs due to a lack of data in a pair. 

b Analyzed in 33 pairs due to a lack of data in five pairs. 

c Analyzed in 38 pairs. 

Abbreviations: BAP, bone alkaline phosphatase; BTMs, bone turnover markers; GC, glucocorticoid; PSL, prednisolone; PTH, parathyroid hormone; 

P1NP, procollagen type 1 N-terminal propeptide; SD standard deviation; TRACP-5b, tartrate-resistant acid phosphatase-5b 

 

 



RTX

BTMs at GC administration

PSL X mg/d X mg/2d
X/2 mg/2d

2 weeks 2 weeks 2 weeks

RTX

PSL tapered off by 2 weeks

“pair”

4–6 months

Figure 1

BTMs after GC discontinuation



49 patients assessed
Childhood-onset idiopathic nephrotic syndrome
Receiving first RTX from January 2015 to March 2021

12 patients did not meet inclusion criteria
8 Insufficient BTMs data
2 Atypical RTX administration method
2 Over 18 years old at first administration of RTX

37 patients eligible

8 patients excluded
4 Bisphosphonates
1 Hypothyroidism
1 Type 2 diabetes
1 Short stature, GH therapy
1 Recent fracture

29 patients (38 pairs of BTMs) included

Figure 2
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PSL <0.25 mg/kg/day PSL 0.25–0.49 mg/kg/day PSL 0.50–0.99 mg/kg/day PSL ≥1.0 mg/kg/day

Figure 3
a

b

c

n = 14
p = 0.19

n = 11
p = 0.70

n = 14
p = 0.95

n = 7
p < 0.05

n = 6
p < 0.05

n = 7
p < 0.05

n = 7
p < 0.05

n = 7
p < 0.05

n = 8
p = 0.14

n = 9
p < 0.01

n = 9
p < 0.01

n = 9
p < 0.05



Figure 4
PSL <0.25 mg/kg/day PSL ≥0.25 mg/kg/day

a

b

c

n = 24     p < 0.01

n = 14     p = 0.19

n = 11     p = 0.70

n = 14     p = 0.95

n = 23     p < 0.01

n = 22     p < 0.01
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