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Abstract

Background/Objectives: Bone health of children with acute recurrent pancreatitis (ARP) and 

chronic pancreatitis (CP) is not well studied.

Methods: This retrospective study was performed at three sites and included data from 

INSPPIRE-2.

Results: Of the 87 children in the study: 46 had ARP (53%), 41 had CP (47%). Mean age was 

13.6 ± 3.9 years at last DXA scan. The prevalence of low height-for-age (Z-score < −2) (13%, 

10/78) and low bone mineral density (BMD) adjusted for height (Z-score <−2) (6.4%, 5/78) were 

higher than a healthy reference sample (2.5%, p<0.0001 and p=0.03, respectively).

Conclusion: Children with ARP or CP have lower height and BMD than healthy peers. 

Attention to deficits in growth and bone mineral accrual in children with pancreatic disease is 

warranted.
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Introduction

Compromised bone strength and increased fracture susceptibility pose significant morbidity 

and health care costs.1 Inadequate bone mineral accretion in growing children may have 

lifelong consequences.2 Bone mineral deficits among children with underlying chronic 

medical conditions can add an increased burden to the child and their families. Many chronic 

conditions, especially those associated with inflammation or nutritional deficits, such as 

Crohn’s disease and kidney disorders,3–10 increase a child’s risk for poor bone health. 

Physical activity helps with bone health and decreased physical activity due to illness may 

also be a contributing factor. Acute recurrent or chronic inflammatory conditions affecting 

the pancreas may also pose similar risks to bone health in children, but few studies have 

examined this topic.11
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Acute recurrent pancreatitis (ARP) and chronic pancreatitis (CP) affect children’s growth, 

nutritional status and overall wellbeing.12 Growth concerns and nutritional risks are 

more pronounced for children who have exocrine pancreatic insufficiency and endocrine 

insufficiency (prediabetes or diabetes mellitus) in addition to ARP/CP13. It is recommended 

that children with ARP/CP are screened every 3–6 months for nutritional deficiencies14. 

Fat soluble vitamin (A D, E, K) deficiencies have been reported in adults with CP.12, 15–23 

Comparable data on vitamin status from children with pancreatitis are sparse. The increased 

risk of chronic inflammation and nutrient deficiencies place individuals with CP at higher 

risk for low bone mineral density (BMD) even when they are on pancreatic enzyme 

replacement therapy (PERT).24 Although pediatric data is sparse, adults with pancreatitis 

have been shown to have increased risk for low bone density. Adults with advanced CP had 

BMD in the osteopenia (T-score of −1 to −2.5) or osteoporosis range (T-score <−2.5) and 

more advanced CP stages were associated with worse BMD markers.25 Moreover, a higher 

percentage of adult CP patients had BMD values consistent with osteoporosis compared 

to controls (34% vs. 10%).26, 27 In another study, 55% of adults with CP had either 

osteopenia or osteoporosis.26, 27 In the PROCEED cohort, the prospective, an observational 

cohort study of CP in the Consortium for the Study of Chronic Pancreatitis, Diabetes and 

Pancreatic Cancer (CPDPC), more than half of the tested subjects demonstrated osteoporosis 

or osteopenia, indicating that bone disease should be carefully considered in adults with 

CP.28 This increased rate of low bone density in adults with pancreatitis indicates the 

importance of determining whether the same risks exists in children, in which the presence 

of low bone density would be expected to lead to greater long term health effects due to 

duration and lack of development of peak bone mass.

The objectives of this study were to evaluate bone health in children with ARP or CP and 

to assess whether the loss of endocrine and exocrine pancreatic function was associated 

with risk for worsened bone health. We hypothesized that children with ARP or CP would 

have lower lumbar spine BMD compared to a healthy reference group. This multicenter 

study was initiated at three major medical centers, then expanded to include data from the 

INternational Study Group for Pediatric Pancreatitis: In search for a cuRE (INSPPIRE) 

network of ARP or CP in children, and is the first multi-center study to investigate bone 

health in a large cohort of children with pediatric ARP or CP.29

Methods

This retrospective cross-sectional study was performed at three clinical sites, Cincinnati 

Children’s Hospital Medical Center, University of Iowa Stead Family Children’s Hospital, 

and Children’s Hospital of Philadelphia. The study also included data from the INSPPIRE-2 

cohort, which at the time of the study, had over 600 pediatric subjects enrolled.30 We 

included data from those who were < 18 years of age at the time of pancreatitis diagnosis, 

had a BMD measurement by dual energy x-ray absorptiometry (DXA) within the last 15 

years, and results available for analysis. We included DXA scans performed on patients up 

to age 23 years. All had a diagnosis of either ARP or CP as per published criteria31 at time 

of data inclusion, and DXA scans were performed after the pancreatitis diagnosis. Exclusion 

criteria were other diagnoses that would be expected to significantly affect bone density, 

such as osteogensis imperfecta.
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Data on height, vitamin D status, exocrine and endocrine sufficiency, mobility status and 

fracture history were abstracted from the electronic medical record at the 3 clinical sites and 

entered into a REDCap database. INSPPIRE-2 data included information from participating 

centers on lumbar spine BMD, as well as information on exocrine, endocrine and vitamin 

D status, height and weight. Height-for-age Z-scores (HAZ) were calculated using the CDC 

growth reference. Z-scores for individuals age > 20 years were calculated as if they were age 

20 years. Vitamin D insufficiency was defined as serum 25-hydroxy vitamin D level below 

30 ng/ml. Exocrine insufficiency was diagnosed by fecal elastase of <100 mcg/g stool or an 

endoscopic pancreatic function test. Endocrine insufficiency, diabetes and prediabetes, was 

as defined by the American Diabetes Association.32

Overall, there were six sites that used Hologic fan beam densitometers (Hologic, Inc., 

Marborough, MA, USA) and five that used a GE-Lunar Prodigy (Madison, WI, USA) 

densitometer. We used published equations to convert GE-Lunar BMD results to be 

equivalent to Hologic BMD results.33 Data from lumbar spine scans was used because 

whole body scans were not widely available. Scan analysis software used to quantify BMD 

on both Hologic and GE Lunar systems accommodated pediatric as well as adult scans. We 

calculated age-, sex- and race specific BMD Z-scores (BMDZ) using reference ranges by 

Zemel et al34, which are suitable for Hologic derived BMD results. BMDZ was adjusted for 

height-for-age Z-scores (HAZ) as recommended to account for spurious effects due to short 

stature.

Statistical Analysis

Data were analyzed using SAS®, version 9.4 (SAS Institute, Cary, NC). Depending on 

distributions, continuous data were summarized as mean ± standard deviation (SD) or 

median with interquartile range (IQR: 25th - 75th percentiles). Categorical data were 

summarized as frequency counts and percentages. Chi-square or Fisher’s exact tests 

were used to compare differences in proportions. Binomial proportions tests were used 

to compare study proportions to 2.5%, the expected value associated with −2 standard 

deviation (i.e., a Z-score of −2). One-sample t-tests were used to compare our study mean 

Z-scores to 0, which is the expected value of a healthy population. Generalized linear 

models were used to assess BMDZ trends over time from the development of first acute 

pancreatitis (AP) or CP. Due to the majority of participants not having multiple DXA scans, 

the last DXA available after AP diagnosis was used for each subject in generalized linear 

models. When lumbar spine BMDZ was the outcome, the covariates tested in each model 

were time from AP or CP diagnosis, HAZ (in models when BMDZ was not adjusted for 

HAZ), endocrine insufficiency, and exocrine insufficiency. HAZ was also examined over 

time from either AP or CP diagnoses. For individuals over the age of 20 years at time of 

DXA (n=4), the reference values of 20 years of age were used to calculate Z-scores. P <0.05 

was considered statistically significant.

Results

Ninety pediatric patients had DXA data available after their pancreatitis diagnosis. Two 

patients were excluded due to BMDZ scores that were extremely low compared to the rest 
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of the cohort (−6, and −7) and the presence of multiple complex medical diagnoses upon 

clinical review. One subject was excluded because they only had a whole body DXA scan 

and no lumbar spine scan. Of the 87 patients that met study criteria, 38 were from the 3 

clinical centers and 49 from the INSPIRE-2 cohort; 46 (53%) had ARP and 41 (47%) had 

CP, and 52% were male (Table 1). Exocrine insufficiency was present in 30% of the cohort, 

and endocrine insufficiency (prediabetes or diabetes) was present in 7% out of the cohort 

included with available bone health measurements.

The mean age at the last DXA scan was 13.6 ± 3.9 years, Table 2. The mean HAZ was 

−0.38, which was statistically lower than the healthy reference population, p=0.04. The 

proportion of patients with low HAZ (<−2) (13%, 10/78) was higher than expected for a 

healthy population (2.5%, p<0.0001). The proportion of patients with low BMDZ (<−2) 

(15%, 13/87) and low HAZ-adjusted spine BMDZ (<−2) (6.4%, 5/78) were higher than 

expected for a healthy population (2.5%, p<0.0001 and p=0.03 respectively). Vitamin D 

insufficiency was present in 37/53 (70%) patients (Table 2). Of those with vitamin D 

insufficiency, 16% (6/37) had spine BMDZ <−2 and 6% (2/32) had HAZ-adjusted BMDZ 

<−2.

In multivariable regression models evaluating lumbar spine BMDZ, there was no significant 

association between BMDZ and time since diagnosis of AP or CP, (Figure 1, A and B). 

Likewise, there was no significant association between HAZ-adjusted BMDZ and time 

since diagnosis of either AP or CP (Figure 1 C and D). HAZ was positively associated 

with BMDZ in AP and CP patients (p<0.001 and p=0.004, respectively). Neither endocrine 

and exocrine insufficiency (from AP (p=0.06) or CP (p=0.08)). Exocrine insufficiency 

alone (from AP (p=0.53) or CP (p=0.20)) were not significantly associated with spine 

BMDZ, nor was exocrine insufficiency alone associated with HAZ-adjusted lumbar spine 

BMDZ. Pancreatitis patients who had endocrine and exocrine insufficiency had significantly 

(p=0.04) lower/higher HAZ-adjusted BMDZ when adjusted for time since AP diagnosis. 

This association did not meet statisitical significance when evaluating at time from CP 

diagnosis (p=0.08). All 6 patients who had endocrine insufficiency also had exocrine 

insufficiency (none in the sample had only endocrine insufficiency).

We evaluated all available height measures, regardless if there was a DXA scan at that 

timepoint. HAZ did not significantly change over time from first AP attack (p=0.50) or from 

CP diagnosis (p=0.67). HAZ was not significantly different in ARP versus CP groups over 

time (p=0.76), Figure 2. Using the last height available for each patient, the mean HAZ of 

−0.4 ± 1.5 for these ARP and CP patients was significantly lower than the expected value of 

0 (p=0.02) (Figure 3).

Fracture history and mobility status were only available for the 38 patients from the three 

main sites. Of these, 32 (84%) were mobile and 6 (16%) had impaired mobility (5 partially 

mobile and 1 fully wheelchair bound). In the impaired mobility group 83% (5/6) had spine 

BMDZ scores <−2 compared to 6% (2/32) in the mobile group (p=0.0002). The prevalence 

of HAZ-adjusted BMDZ of < −2 was 17% (1/6) in the impaired mobility group and 3% 

(1/32) in the mobile group (p=0.29). Fracture history was known for 32 patients, and 19% 

(6/32) had one or more fractures. All 6 who sustained fractures had at least one fracture 
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after ARP diagnosis. The impaired mobility group had a significantly higher proportion with 

fractures (67%, 4/6) than the mobile group (8%, 2/26) (p=0.006).

Discussion

In this pediatric multicenter study with largest sample size ever reported, the prevelance 

of low BMDZ (Z-score < −2) was greater in children with ARP or CP than expected in 

a healthy population. Although children with ARP or CP had lower HAZ than general 

population, they had a lower HAZ- adjusted BMDZ than a healthy population as well. The 

presence of exocrine or endocrine dysfunction was not associated with higher rates of low 

BMD in our cohort.

Few studies have examined bone health in pediatric patients with pancreatitis including 

cases of ARP, which adds to the novelty of our study. CP had been attributed to low BMD, 

at a major center in India when examined, 18.6% (14/75) of children were affected. Children 

with low BMD had a lower BMI than the subjects with normal bone mineral density, 

suggesting that undernutrition in presence of pancreatic disease can affect bone health.11 In 

the PROCEED cohort of adults with CP, nearly half of subjects tested had osteopenia or 

osteoporosis.28

Comparing our data with adult data for ARP and CP patients suggest that compromised 

bone health may be a prolonged process that may start in the pediatric age group and 

advance over time into the adulthood as chronic inflammatory changes progress over the 

patients’ lifetime. This would amplify the prevalence of poor bone health into adulthood for 

those with pancreatitis beginning in childhood.

Immobility is known to affect bone density,35 and we also found this in the subset of 

ARP and CP patients that had that data available. This is important since the incidence 

of pancreatitis is higher in patients with cerebral palsy and immobility, who are already at 

elevated risk for low bone density.36 Mutliple factors may lead to poor growth and affect the 

bone health in pancreatitis. One factor could be recurrent or chronic inflammation in ARP 

and CP that may affect bone formation, bone mineral accrual, and overall nutrition. As in 

most inflammatory conditions, we expect there would be an increased metabolic demand to 

maintain nutritional balance in pancreatitis. In addition, exocrine or endocrine dysfunction 

may exacerbate an already negative nutritional balance. It is interesting that bone health in 

our sample was not statistically associated with duration of pancreatitis, and this may be 

related to the short duration of follow up during this study period.

While our study highlights an important problem, it is not without limitations. Although 

the overall sample size of our study was larger than others, it still had limited power to 

examine the effects of nutrition, effect of endocrine or exocrine status or vitamin status 

on bone health. Additionally, we had limited data related to risk factors for bone health. 

For instance, potential confounders susch as anthropometric measures, laboratory values, 

nutritional parameters, pancreatic enzyme dosing, were not obtained at the same time as 

the DXA scans. The absence of a control population is a limitation that we attempted to 

overcome by extrapolating from published normal control data. Also, the mobility status of 
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the patient or the presence of artifacts in the scan field was not captured in the INSPPIRE 

cohort. The small number of subjects in the INSPPIRE cohort with DXA scans is another 

limitation. Lastly the limited follow up period may be a factor for not detecting bone effect 

from pancreatic disease. Nonetheless the broad representation of geographic distribution of 

the centers makes our findings generalizable.

In conclusion, we found that linear growth is decreased in pediatrics patients with ARP 

or CP and that a higher proportion of children with pancreatitis have low BMD adjusted 

for height and age than would be expected. Our findings illustrate the need for a future 

prospective multi-center effort to obtain DXA scans systematically on patients with 

pancreatitis, while taking into account factors that may affect their growth, nutrition, and 

pancreatitis related disease measures. Validation of the study is needed so that bone health 

surveillance in children with pancreatic disease can be incorporated into clinical practice.
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Figure 1. Spine BMDZ and HAZ-adjusted BMDZ from time of first AP and CP diagnosis.
(A, B) Spine bone mineral density Z-scores (BMDZ) did not change significantly over 

the years from first acute pancreatitis (AP) or chronic pancreatitis (CP) diagnosis. (C, D) 

Height-for-age Z-scores (HAZ) adjusted BMDZ did not change significantly over the years 

from first AP or CP diagnosis. Analysis done using generalized linear regression models.
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Figure 2. HAZ over time in ARP and CP groups.
Scatter plot figure showing height-for-age Z-scores (HAZ) did not significantly differ 

between acute recurrent pancreatits (ARP) and chronic pancreatitis (CP) patients over time 

(p=0.76) [red=CP, blue=ARP]. Analysis done using generalized linear regression models 

with repeated measures.
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Figure 3. HAZ of the ARP/CP cohort compared to the general population.
Histogram figure demonstrating HAZ for acute recurrent pancreatits (ARP)/ chronic 

pancreatitis (CP) patients is significantly lower than the general population Z-score of 0 

(p=0.02). Analysis was done using one-sample t-test.
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Table 1.

ARP/CP Bone Health patient characteristics

n n (%) or mean ± SD or median (25th-75th percentile) Min-max

Sex (%) 87

 Male 45 (52)

 Female 42 (48)

Race (%) 87

 White/Caucasian 66 (76)

 Black/African American 5 (6)

 Other 16 (18)

Ethnicity (Non-Hispanic) (%) 86 74 (86)

Age 1st AP attack (years) 85 8.8 ± 4.3 0.9–17.2

Diagnosis (%) 87

 ARP 46 (53)

 CP 41 (47)

Age at 2nd AP attack (years) 79 9.8 ± 4.3 1.5–17.9

Age at CP diagnosis (years) 41 9.4 ± 4.4 2.9–24.3

Time 1st AP attack to 2nd AP attack (months) 79 5.6 (2.7–15.0) 0.0–91.2

Time 1st AP attack to CP (months) 39 7.1 (0.5–39.0) 0.0–179.0

Number of AP attacks 82 4 (2–6) 1–12

Exocrine insufficiency (%) 82

 Yes 25 (30)

 Borderline 2 (2)

 No 55 (67)

Endocrine insufficiency (%) 85 6 (7)

ARP (Acute Recurrent Pancreatitis), CP (Chronic Pancreatitis), AP (Acute Pancreatitis)
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Table 2.

ARP/CP Bone Health Last DXA available after first AP

n Mean ± SD or n (%)

Age at DXA (years) 87 13.6 ± 3.9

Height-for-age Z-score 78 −0.38 ± 1.63

Body mass index Z-score 68 0.42 ± 1.07

Artifact on DXA (%) 36 5 (14)

Low vitamin D (<30 ng/mL) (%) 53 37 (70)

Spine BMDZ 87 −0.37 ± 1.46

HAZ adjusted BMDZ 78 −0.13 ± 1.18

Low Spine BMDZ (<−2) (%) 87 13 (15)

Low HAZ adjusted BMDZ (<−2) (%) 78 5 (6.4)

Low HAZ (<−2) (%) 78 10 (13)

AP (acute pancreatitis)

ARP (acute recurrent pancreatitis)

CP (chronic pancreatitis)

DXA (dual energy x-ray absorptiometry)

HAZ (Height-for-age Z-score)

BMDZ (Bone Mineral Density Z-score)
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