
Received: 19 May 2023 | Accepted: 14 December 2023

DOI: 10.1002/jpr3.12037

OR I G I NA L ART I C L E

G a s t r o e n t e r o l o g y : I n fl amma t o r y B ow e l D i s e a s e

The impact of age, disease severity, and BMI on bone
health and growth in children and young people with
Crohn's disease

Rida Kherati1 | Archana Bansal2 | Julia Oleksiewicz3 | Ahmed Kadir3 |

Natasha Burgess3 | Sabrina Barr3 | Sandhia Naik3,4 | Nicholas M Croft3,4 |

Marco Gasparetto3,4

1Queen Mary University of London, Barts and
The London School of Medicine and Dentistry,
London, UK

2Department of Paediatric Gastroenterology,
Clinical Research Facility, Barts Health NHS
Trust, The Royal London Children's Hospital,
London, UK

3Department of Paediatric Gastroenterology,
Barts Health NHS Trust, The Royal London
Children's Hospital, London, UK

4Queen Mary University of London, Centre for
Immunobiology, The Blizard Institute,
London, UK

Correspondence

Marco Gasparetto, Department of Paediatric
Gastroenterology, Barts Health NHS Trust,
The Royal London Children's Hospital,
London E12AT, UK.
Email: marco.gasparetto@nhs.net,
markgasp@gmail.com

Rida Kherati, Queen Mary University of
London, Barts and The London School of
Medicine and Dentistry, London, E1 2AT, UK.
Email: r.kherati@smd18.qmul.ac.uk

Funding information
None

Abstract
Objectives: The objective of this study was to explore the correlation between
paediatric Crohn's disease (CD) characteristics, bone health and growth
parameters at diagnosis and follow‐up.
Methods: Retrospective data was collected for 47 children aged 4–16 who
were newly diagnosed with CD between January 2018 and December 2019.
Mean follow‐up time was 2.5 years.
Results: Eleven (24%) children had growth delay at diagnosis, which persisted
in 4 (44%) of 9 recorded children at follow‐up. Of the 35 children tested, 20
(57%) had inadequate Vitamin D levels (<50mmol/L) at diagnosis. Thirty‐seven
(79%) children had a dual‐energy X‐ray absorptiometry scan at diagnosis, with
20 of them having at least 1 low Z‐score. Children with poorer bone mineral
density and bone mineral concentration Z‐scores for age had a younger age at
diagnosis (p = .042 and p = .021), more severe disease (p = .04 and p = .029)
and a lower BMI (p < .001) at diagnosis. Children diagnosed with CD ≥11 years
had a lower‐than‐expected height velocity (p < .0001 and p < .001). Multivariate
regression analysis demonstrated an older age of diagnosis was a significant
predictor of a lower height velocity at follow‐up.
Conclusion: Disease severity and age of diagnosis are important CD‐related
factors that influence bone health and growth. Vitamin D is an accessible
component that if optimised can improve all three factors. Monitoring and
optimising each aspect systematically has the potential to enable children to
achieve their bone health and growth potentials.
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1 | INTRODUCTION

Growth failure is a common manifestation of paediatric
Crohn's disease (CD), presenting in up to 85% of
children and persisting in 15%–40%.1–3 Childhood and
adolescence is a period of rapid growth and bone
development.4 The degree of inflammation and the
presence of pro‐inflammatory can impact this, in
addition to a child's nutritional status and physical
activity levels.4–6

During pubertal and prepubertal years, there are
rapid rates of bone mass and bone mineral density
(BMD) accumulation and relatively slower rates of bone
resorption.4 However in young people with chronic
inflammatory processes, there is a relatively increased
rate of bone resorption compared with the average
healthy child, contributing to the depletion of BMD and
bone mineral concentration (BMC). Additionally,
chronic inflammation perpetuates the malabsorptive
state resulting in nutritional deficiencies.6–9 Under-
nutrition plays a role in growth failure and pubertal
delays which further limits accumulation of BMD.9

These factors create a vicious circle that interplay with
one another to culminate in poor bone health and
growth outcomes. Growth impairment often precedes
the diagnosis of CD, and decreased height velocity is a
sensitive indicator of it.1,3,6,10–13 A 2021 systematic
review and consensus statement found a younger age
of disease onset, male sex, small bowel centred
disease and a higher level of disease activity all
correlated with growth impairment.6

Higher levels of disease activity resulting in more
pronounced intestinal inflammation can result in nutri-
tional deficiencies, in particular Vitamin D (25OHD),
which is found in 62% of children.6,14–16 25OHD has
been shown to impact intestinal inflammation, growth and
bone health.17–20 The role of 25OHD in calcium absorp-
tion and bone mineralisation are well established.19,21

Some in vivo evidence suggests 25OHD also plays an
immunomodulatory role by downregulating tumour necro-
sis factor‐alpha.22,23 In particular, mice that had 25OHD
deficiencies had comparatively more inflammatory bowel
disease symptoms.24 Gaining good disease control and
correction of nutritional status is a vital step towards nor-
malising growth, despite this, some children may be left
with deficits in their final adult height.25

To date, there are few studies that observe the
extent of the impact bone health, growth and disease
factors have on each other, without interventions,
particularly in the UK.6,11,16,26 Furthermore, bone
health and growth are not adequately addressed in
national and international guidelines. The primary aim
of this study is to explore the correlation between CD
characteristics, bone health and growth factors at
diagnosis and follow‐up (Figure 1). The secondary
aim is to identify potential strategies for bone health
and growth optimisation.

2 | METHODS

2.1 | Patients

Retrospective data was collected for 47 patients that
met the inclusion and exclusion criteria. Inclusion
criteria: age under 18 years at the time of CD diagnosis
between January 2018 and December 2019 at The
Royal London Hospital (RLH), a tertiary paediatric
gastroenterology unit. All patients in this study had a
CD diagnosis based on the revised Porto criteria.27

Exclusion criteria: more than 50% data missing.

2.2 | Data collection

Clinical variables relating to growth, bone health and
disease factors were collected from the hospital
electronic patient records. Paediatric Crohn's Disease
Activity Index (PCDAI) scores were retrospectively
calculated to assess disease severity at diagnosis.28

A C‐Reactive Protein of >10mg/L and a Faecal
Calprotectin ≥250mcg/g were classed as high, respec-
tively, as per ECCO‐ESPGHAN guidelines.29

Growth delay (Paris classification G1) was defined
as involuntary stable weight or weight loss of 10% or
more over the previous 6 months, and/or a decrease in
height by ≥1 centile or height velocity by ≥1 standard
deviations. This definition was used to define growth
delay at diagnosis and follow‐up. Height velocity was
calculated (height at follow‐up in cm—height at
diagnosis in cm)/(age at follow‐up in years—age at
diagnosis in years). Patients were stratified based on
whether their anagraphic age was prepubertal
(≤10 years) or pubertal (≥11 years) at the time of
diagnosis and they were compared with average height

What is Known

• Growth failure occurs in up to 85% of children
diagnosed with Crohn's disease and persists
in up to 40%.

• Vitamin D plays a role in bone health (BH),
growth, and intestinal inflammation.

• Chronic inflammation and undernutrition are
key factors behind poor BH and growth failure.

What is New

• Children with poorer BH are younger, have
more severe disease and a lower body mass
index at diagnosis.

• An older age of diagnosis is an independent
predictor of lower‐than‐expected height
velocity in the future.
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velocity values for their age and sex.30 Body mass
index (BMI) categories used were in accordance to the
World Health Organisation cut‐offs.31 The same
parameters were also assessed at the most recent
follow‐up. Information not available in the preceding 6
months, was classified as “Not Available” (N.A).

Dual‐energy X‐ray absorptiometry (DXA) scan
Z‐scores were recorded for total body less head
(TBLH) and subtotal body and neck of femur. At our
Institution, these were adjusted for bone age,
height, age, sex and ethnicity, but not pubertal
stage. A low BMD or BMC Z‐score was considered if
≤−2.0 SD.32 A suboptimal BMD or BMC score was
considered if ≤−1.0 SD.11 Bone age was established
through a wrist X‐ray of the left hand based on the
Greulich and Pyle Atlas.33

Inorganic phosphate and calcium levels (corrected
for hypoalbuminemia using Payne's formula) were
recorded at the time of diagnosis. The normal ranges
were 2.2–2.6 and 0.9–1.8mmol/L, respectively.

25OHD levels (nmol/L) were assessed at the time of
diagnosis and at follow‐up. 25OHD levels were
considered adequate if >50 nmol/L and inadequate if
<50 nmol/L; specifically, deficiency was classed as
<30 nmol/L, insufficiency as 30–50 nmol/L.

Clinical variables reflecting disease treatment and
management throughout the follow‐up were noted.
Maintenance therapies and dosages were recorded,
however, for the purposes of analysis they were
grouped into “Step 1” which includes 5‐amino‐

salycilates, Azathioprine or Methotrexate, and “Step
2” consisting of biologic treatments (e.g., anti‐TNFa
(Infliximab or Adalimumab), or anti‐IL‐12/23 (Ustekinu-
mab)). Similarly, the number of steroid therapies and
the cumulative duration the child was exposed to
steroids were noted and categorised into <3 months,
≥3 months and >1 year.

2.3 | Statistical analysis

Power calculation was conducted to ensure the cohort
was a sufficient size to provide with statistically relevant
results. For a two‐sided test, using an ⍺ of 0.05, a
sample of 42 was needed to have 80% power. This
was based on a documented incidence of growth
failure at follow‐up of 40%, and an expected incidence
of at least 20% in our study.3 Similarly for bone health,
the incidence in the population for low BMD is up to
44% and we expect an incidence of around 24% in our
smaller cohort.34 Our study with 47 patients was
therefore deemed sufficiently powered.

Inferential statistical analysis was performed using
IBM SPSS Statistics v28.0. Pearson's χ2 tests for 2 × 2
and 2 × 3 tables was used for categorical data. In
instances for 2 × 2 tables, where the expected count
was <5 for more than 20% of cells, Fisher's Exact Test
was used to recheck accuracy, and reported if it resulted
in a change of statistical significance. The Bonferroni
correction was applied to correct for multiple testing,

F IGURE 1 A visual representation of the primary aims of this study and how each of the factors interlink with one another. Each numbered
arrow corresponds to the aims. BMC, bone mineral concentration; BMD, bone mineral density; BMI, body mass index; CD, Crohn's disease.
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additionally, Phi and Cramers V were measured to
establish the effect size. Correlations for continuous and
ordinal variables were assessed through Spearman's
Rank Correlation Coefficient. Linear regression was used
for height velocity and the age of diagnosis to establish
the relationship and the equation that could be used to
extrapolate the results. Multiple regression analysis was
conducted using a stepwise model. p Values of <0.05
were considered as significant.

2.4 | Ethical approval

This project was registered as a Quality Improvement
Audit at Barts Health NHS Trust (Audit ID 12858) and
the patients' data were anonymised. Ethical approval
was therefore not required.

3 | RESULTS

Forty‐seven newly diagnosed CD patients (33 males,
mean age 12 years, range 4–16 years) were followed
up on average for 2.5 years (SD ± 0.87, range:
1–4 years). Baseline information at the time of
diagnosis is displayed in Table 1. Information gathered
during follow‐up is displayed in Table 2.

11/46 (24%) children had evidence of growth delay at
diagnosis, as defined by the Paris Classification. Specifi-
cally looking at prepubertal children, 44% (6/14) had
growth delay. In terms of bone health, 5 (12%) patients
had a delayed bone age according to their left wrist X‐ray,
30 (71%) were normal and the rest were advanced. Thirty‐
eight (81%) patients received a DXA scan at diagnosis.
Of them, 29 (76%) had ≥1 suboptimal DXA score and
20 (53%) had ≥1 low DXA score. There was some overlap
with patients who had low or suboptimal DXA scores and
their PCDAI score at diagnosis, as well as growth delay at
diagnosis (Table, Supporting Information: Digital Content 1,
Stratification of DXA result with patient factors). Of the
children that were underweight at diagnosis, 19 (50%) had
at least 1 low BMD or BMC Z‐score.

25OHD levels at diagnosis were assessed in 35
patients of which 20 had inadequate levels (≤50mmol).
Four did not receive any form of supplementation, nine
(45%) patients received 400 IU of 25OHD supplemen-
tation per day, six had inadequate doses according to
local guidelines, only one was prescribed the recom-
mended dose (Table, Supporting Information: Digital
Content 2, Stratification of Vitamin D levels and
supplementation).

Growth delay at follow‐up was considered if they
had any decrease in height centile (Figure 2). Irrespec-
tive of whether children had growth delay at diagnosis,
40% (14/35) had growth delay at follow‐up. 4/9 (44%)
patients who had growth delay at diagnosis also had
growth delay at follow‐up.

24/34 (70.5%) patients had a lower‐than‐expected
height velocity. According to the most recent follow‐up,
BMI classification was either maintained or increased;
with 10 children being overweight or obese.

At follow‐up, 26 (55%) patients did not have a
follow‐up 25OHD level. Out of those that did, 13 (62%)
had inadequate levels. 45 out of 47 (96%) of patients
did not have a repeat DXA scan throughout the course
of follow‐up.

3.1 | CD characteristics and bone
health at diagnosis

DXA scans performed around the time of diagnosis
revealed that children diagnosed at a younger age had
worse bone health, mainly affecting TBLH BMD for age
(r = 0.336, p = .042), TBLH BMC for age (X2 = 7.77,
p = .021) and TBLH BMD for height (X2 = 6.17, p = .046
and r = 0.371, p = .026). Poor bone health, specifically
TBLH BMD and BMC for age, was also linked to a more
severe disease at diagnosis (r = −0.344; p = .04 and
r = −0.365; p = .029 respectively). However, there were
no statistically significant associations between dis-
ease severity and the age of diagnosis.

3.2 | CD characteristics and vitamin D

Disease location had a significant association with
improved 25OHD levels at follow‐up. Children with
exclusive ileal disease were more likely to have
improved their 25OHD levels, compared with those
with more extensive ileo‐colonic disease (X2 = 8.27,
p = .016). There was a large effect size reflecting a
large difference between the groups (φc = 0.678).
Moreover, children who had a higher 25OHD level at
diagnosis also maintained a higher 25OHD level at
follow‐up (r = 0.746, p = .014). However, there was no
significant difference between 25OHD levels at follow‐
up irrespective of whether 25OHD supplementation
was taken, and of the duration it was taken for.

3.3 | CD at diagnosis and growth
parameters at diagnosis and during
follow‐up

Children diagnosed with CD ≥11 were more likely to have
a lower‐than‐expected height velocity, after adjusting for
age and sex (X2 = 29.62, p< .0001 and r=−0.766,
p< .001) (Figure 3A). Using the equation from the line of
best fit (Height velocity = 12.91–0.73*Age at Diagnosis),
the predictive value was calculated as shown in Figure 3B.

There was a nearly significant correlation between
the age of diagnosis and whether the child had growth
delay at diagnosis (p = .065, φc = 0.294). The proportion
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TABLE 1 Baseline characteristics and clinical information collected at the time of diagnosis.

Category Subcategory n (%)a Mean ± SD (Range)

Disease characteristics

Age Pubertal >10 33/47 (68.8) 12 ± 3 (4–16)

Sex Male 33/47 (68.8)

Disease location (Paris classification) L1‐ Ileal 20/47 (42.6)

L2‐ Colonic 5/47 (10.6)

L3‐ Ileocolonic 22/47 (46.8)

L4‐ Upper GI tract 20/47 (42.6)

p‐ Perianal disease 14/47 (29.8)

Growth delay G1 11/46 (23.9)

PCDAI Mild (11‐30) 29/45 (64.4) 26 (10–47.5)

Moderate/Severe (>30) 15/45 (33.3)

CRP (mg/L) High (>10) 36/47 (76.6) (1–186)

FCP (mcg/L) High (≥250) 30/35 (85.7)

Induction treatment EEN 41/47 (88.6)

Steroids 6/47 (11.4)

Growth parameters

Weight centile – – 9–25th

Height centile – – 25–50th

BMI (kg/m2) Underweight (<18.5) 30/44 (68.1) 16.9 ± 3.3 (11.3–24.5)

Bone health

Vitamin D (nmol/L) Insufficient (30–50) 11/35 (31.4) 51 (12–150)

Deficient (<30) 9/35 (25.7)

Adjusted calcium (mmol/L) Low (<2.2) 2/45 (4.4) (2.11–2.51)

Phosphate (mmol/L) Low (<0.9) 1/45 (2.2) (0.86–1.73)

Bone age Delayed (≤−2SD) 5/42 (11.9)

Advanced (≥2 SD) 7/42 (16.7)

At least 1 suboptimal DXA Z‐score (≤−1.0 SD) – 29/38 (76.3)

At least 1 low DXA Z‐score (≤−2.0 SD) – 20/38 (52.6)

DXA lumbar spine: BMD Z‐score for age Suboptimal (≤−1.0 SD) 11/38 (28.9) (−3.7–1.8)

Low (≤−2.0 SD) 3/38 (7.9)

DXA TBLH: BMD Z‐score for age Suboptimal (≤−1.0 SD) 11/37 (29.7) (−4.2–1.4)

Low (≤−2.0 SD) 14/37 (37.8)

DXA TBLH: BMC Z‐score for age Suboptimal (≤−1.0 SD) 16/37 (43.2) (−4.3–1.5)

Low (≤−2.0 SD) 11/37 (29.7)

DXA TBLH: BMD Z‐score for height Suboptimal (≤−1.0 SD) 10/36 (27.8) (−3.1–0.8)

Low (≤−2.0 SD) 9/36 (25.0)

DXA TBLH: BMC Z‐score for height Suboptimal (≤−1.0 SD) 6/36 (16.7) (−4–0.5)

Low (≤−2.0 SD) 14/36 (38.9)

Abbreviations: BMC, bone mineral concentration; BMD, bone mineral density; BMI, body mass index; CRP, C‐reactive protein; DXA, dual‐energy X‐ray
absorptiometry; FCP, faecal calprotectin; PCDAI, paediatric Crohn's disease activity index; TBLH, total body less head.
aPercentages are calculated based on the amount of data available for each parameter.
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TABLE 2 Characteristics and parameters measured during disease course and follow‐up.

Category Subcategory n (%) Mean (Range)

Disease characteristics

Maintenance treatment step 1 Azathioprine 35

Methotrexate 5

5‐ASA 4

Not needed 8

Maintenance treatment step 2 Infliximab 19

Adalimumab 11

Ustekinumab 1

Not needed 18

Number of steroid courses 0 26/47 (55.3)

1 14/47 (29.8)

2 5/47 (10.6)

3 0/47 (0.0)

4 2/47 (4.3)

Duration of steroid course ≤3 months 14 (66.7%)

>3 months 7 (33.3%)

Growth characteristics

Weight centile Baseline – 9–25th

Follow up – 25–50th

Height centile Baseline – 25–50th

Follow up – 9–25th

Height velocity (cm/y) adjusted for age and sex Higher than expected 3/34 (8.8) 4.1 ± 3 (0–10.0)

Lower than expected 24/34 (70.6)

BMI (kg/m2) Baseline – 16.9 ± 3.3 (11.3–24.5)

Follow up – 21.6 ± 5 (14.0–32.0)

Bone health

Vitamin D (±Calcium) supplementation Yes 35/47 (74.4)

Prescribed vitamin D ( ± Calcium) supplement dosage 400 IU daily 22 (62.9)

1000 IU daily 3 (8.6)

1600 IU daily 1 (2.9)

5000 IU daily 4 (11.4)

10,000 IU daily 1 (2.9)

30,000 IU weekly 1 (2.9)

40,000 IU weekly 1 (2.9)

Unknown dose 2 (5.7)

Cumulative duration for vitamin D (±Calcium) supplements <6 months 17 (48.6)

≥6 months 15 (42.9)

Unknown 3 (8.6)

Reason for vitamin D (±Calcium) supplement Low vitamin D 16 (45.7)

Steroids 18 (51.4)
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TABLE 2 (Continued)

Category Subcategory n (%) Mean (Range)

Low BMD 3 (8.6)

Delayed bone age 2 (5.7)

Vitamin D (nmol/L) at follow‐up Insufficient (30–50) 6/21 (28.6) 48.3 (19–130)

Deficient (<30) 7/21 (33.3)

Change in vitamin D levels over time Increase 10

Supplemented 7

No supplement 3

Decrease 8

Supplemented 5

No supplement 3

Fracture locations during follow‐up Clavicle 1

Elbow 1

ASIS 1

DXA lumbar spine: BMD Z‐score for age Suboptimal (≤−1.0 SD) 0/2 (0)

Low (≤−2.0 SD) 1/2 (50)

DXA TBLH: BMD Z‐score for age Suboptimal (≤−1.0 SD) 0/2 (0)

Low (≤−2.0 SD) 1/2 (50)

DXA TBLH: BMC Z‐score for age Suboptimal (≤−1.0 SD) 1/2 (50)

Low (≤−2.0 SD) 1/2 (50)

DXA TBLH: BMD Z‐score for height Suboptimal (≤−1.0 SD) 1/2 (50)

Low (≤−2.0 SD) 1/2 (50)

DXA TBLH: BMC Z‐score for height Suboptimal (≤−1.0 SD) 0/2 (0)

Low (≤−2.0 SD) 2/2 (100)

Note: Percentages are calculated based on the amount of data available for each parameter.

Abbreviations: BMC, bone mineral concentration; BMD, bone mineral density; BMI, body mass index; CRP, C‐reactive protein; DXA, dual‐energy X‐ray
absorptiometry; FCP, faecal calprotectin; PCDAI, paediatric Crohn's disease activity index; TBLH, total body less head.

F IGURE 2 Pie charts showing the proportion of children that maintained, increased, or decreased their growth centile over the course of
follow‐up. N = 47 (%). (A) Change in weight centile over follow up. (B) Change in height centile over follow up. (C) Change in BMI over follow up.
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of children that had a growth delay at diagnosis tended
to be younger. The height velocity of the children who
were diagnosed younger was better overall.

Sex did not have any significant association with the
presence of growth delay at diagnosis (X2 = 0.068,
p = .794) or with height velocity at follow‐up (X2 = 0.036,
p = .850).

There was a significantly positive correlation between
age of diagnosis and BMI at diagnosis (r=0.533, p< .001)
and BMI at follow‐up (r=0.394, p= .021), respectively.
Younger children were more likely to be underweight.

Children with a more severe disease at diagnosis,
also had a lower weight centile (r = −0.315, p = .035)
and lower BMI at diagnosis (r = −0.403, p = .007).
Disease severity had no significant effect on height
centile or height velocities. Additionally, children with
more severe disease did not seem to have a higher
incidence of growth delay at diagnosis.

3.4 | Bone health at diagnosis and
growth parameters from diagnosis to
follow‐up

The higher the BMI of the child, the higher was their
BMD and BMC. BMI was strongly positively correlated
to all the DXA Z‐scores that were assessed; lumbar
BMD (r = 0.486, p = .002), TBLH BMD and BMC for age
(r = 0.729, r = 0.679, respectively, p < .001) and TBLH
BMD and BMC for height (r = 0.788, r = 0.630, respec-
tively, p < .001).

There was a significant difference between the
children that maintained or improved their height centile
over time and their BMD and BMC for age at diagnosis
(X2 = 5.93, p = .051; X2 = 12.36, p = .002, respectively).
However, there was no significant relationship between
children's bone health parameters at diagnosis and
changes in their height centile over time. Additionally,
only 19% of changes in height centile can be explained
by DXA Z‐scores (R2 = 0.189).

3.5 | Multivariate analysis

Multiple regression analysis revealed that height velocity
had significant associations with the age of diagnosis
and lumbar BMD. Together, these two parameters
explained 72.3% of the changes in height velocity
(r2 = 0.723). As the age of diagnosis increased by 1
year, the height velocity decreased by 0.92 cm/year
(95% CI: −1.188 to −0.633; p < .001). This reaffirms the
correlations found with univariate analysis.

4 | DISCUSSION

This was a single‐centre study that collected and
analysed data from 47 newly diagnosed patients with
CD at a tertiary paediatric gastroenterology unit from
January 2018 to December 2019. (Figure, Supporting
Information: Digital Content 3, Summary of Key
Findings)

The main findings of this study highlight the close
relationship disease factors, bone health and growth
have, with changes in one area impacting the other two.
The age of diagnosis and disease severity at that time
are key CD related factors that impacted bone health
and growth. Additionally, bone health and growth factors
like BMC, BMD and BMI also significantly influenced
each other. This highlights the importance of closely
monitoring and optimising CD, bone health and growth
parameters in tandem with each other.

53% of patients that had a DXA scan had at least 1
low (≤2.0 SD) BMD or BMC Z‐score. Generally,
children who had a low BMC also had a low BMD Z‐
score. This is similar to the incidence that has been
found by others, ranging from 6% to 44%.34–36 Herzog
et al.34 found an incidence of 44% which is the closest
match to ours, however, this was when adjusting for
chronological age, which overestimates BMD scoring.
Similarly, DXA scans at the RLH are adjusted for using
bone age. The NASPGHAN guidelines and previous

F IGURE 3 (A) A scatter graph to show how height velocity changed as age of diagnosis changed. (B) A scatter graph to show the predictive
value of the equation of the line of best fit for height velocity, as compared with the actual height velocity.
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work by Heuschkel et al. suggested repeating DXA
scans every 1–2 years to monitor bone health.11,13

Patients who had higher disease severity had
poorer BMC and BMD results for their age at diagnosis,
highlighting the effect of inflammatory processes on
skeletal health. Sylvester et al.35 attributed the low
BMD results in their study to poor bone turnover.
Numerous studies have found a correlation between
BMD and PCDAI scores, and suggest inflammation
plays a role in determining bone loss.37–40 Some have
correlated higher levels of IL‐6 with poorer bone
health.35,38,41,42 Although we did not assess inflamma-
tory cytokine levels, this seems to be the likely
explanation. Higher levels of disease activity would
result in worse disease symptoms and potentially
increased hospitalisations, hence limiting levels of
physical activity. Frost's Mechanostat Theory describes
the adaptability and modulation of bones based on their
environment and the loads applied on them.43 Mechan-
ical loading, in the form of weight bearing exercises, is
a key component to bone mass optimisation and
accumulation.44–46 Studies have shown this can be
particularly beneficial in paediatric CD patients.47,48

25OHD is a necessary component for bone health.
Studies have shown that approximately 57%–62% of
IBD children have 25OHD deficiency.14,49 At diagnosis,
75% of patients had 25OHD levels measured, and it was
inadequate in 57% of those (<50mmol/L). At follow‐up,
only 45% had a 25OHD level available in the preceding
6 months, and 62% of those had inadequate levels. The
Inflammatory Bowel Disease (IBD) working group of the
British Society of Paediatric Gastroenterology and
Hepatology and Nutrition (BSPGHAN), The Royal
Osteoporosis Society Guidelines, and the local National
Health Service (NHS) Trust Guidelines recommend that
all children with IBD have 25OHD levels monitored
every 6 months and maintained at >50 nmol/L.51,53–55

There was a statistically significant correlation
between 25OHD at diagnosis and follow‐up. However,
25OHD prescription and adequate 25OHD levels at
follow‐up were not correlated. Closer examination of
the prescriptions and baseline levels (Table 2) may
shed light on potential reasons as to why supplemen-
tation did not have a significant effect on follow‐up
25OHD levels. 400 IU is recommended as a mainte-
nance dose for children with adequate levels, with
some institutes recommending up to 1000 IU.11,50–52

For those with inadequate levels and especially
patients with a malabsorptive condition like CD require
higher doses to compensate. In this cohort, children
with terminal ileal (L1) or ileo‐colonic (L3) disease
locations had a lower 25OHD level at diagnosis; the
latter is more extensive and would further limit
absorption. Forty‐five per cent of patients with
inadequate 25OHD levels received 400 IU, and 20%
did not receive any supplementation. There are varying
recommendations for 25OHD dosages for children with

CD and inadequate levels.51,53 The consensus is
between 6000 and 10000 IU per day for up to
12 weeks, with our local trust guidelines recommending
10,000 IU per day for children who are deficient and
have intestinal malabsorption. No child with inadequate
25OHD levels at diagnosis was prescribed the correct
dosage to normalise levels.

In our cohort, 24% of children had growth delay at
diagnosis and it persisted in 44%. This is in line with
previous research which suggests up to 40% of
children with CD have persistent growth failure.2,56

This emphasises how valuable it is to continually
monitor and optimise growth for these children.

To our knowledge, this is the first study to show
children diagnosed with CD at an older age had a lower‐
than‐expected height velocity. There are a few explana-
tions as to why these findings may have occurred. First,
diagnosis at an older age may imply a delay in receiving a
diagnosis, leading to more extensive damage which
impacts growth.25 Alternatively, it could be due to a later
onset of disease, which leads to a smaller window to
achieve adequate disease control. An earlier age of
diagnosis enables better disease control at a younger
age, so growth is less impacted during pubertal years. The
average age of the cohort at diagnosis was 12 (SD±3),
which falls in the time of peak pubertal growth for boys and
girls,57 and CD is likely to have already impacted the
child's linear growth by that point.

Studies have shown the impact that bone health
and growth play on each other, and optimisation of one
parameter usually improves the other. One of the main
findings in this study highlights the interlink between
BMI, BMC and BMD at diagnosis. 60% of underweight
children had a suboptimal DXA scan result, and 50%
had a low result. This was augmented by the significant
correlation found between higher BMI and higher BMC
and BMD levels, translating to better bone health.
Numerous studies have found and established this link
which validates our findings.35,38,58,59

In particular, Sylvester et al.35 also found an
association between ≤1.0 BMD Z‐score and a lower
BMI. Not only suggesting that children with low BMI
should be screened for low BMD, but also suggesting a
forgotten group of children. Currently Z‐scores ≤2.0 SD
are classified as Low, and attention is focused there,
however, children with a Z‐score ≤1.0 may still have
adverse health implications. DXA scans and bone
health monitoring should be provided to children with
suboptimal and low Z‐scores, especially if they are
underweight. Maintaining a good nutritional status and
incorporating weight‐bearing exercises to increase lean
muscle mass can help optimise bone health too.35

Multiple regression analysis found age of diagnosis
and lumbar BMD scores to be independent predictors
of height velocity (r2 = 0.723). This could be because
almost 90% of patients had EEN as induction treat-
ment, which has been shown to result in improved
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growth.13,60–62 Studies have shown biologics can have
positive effects on growth and can result in the
normalisation of height velocities, especially if provided
before puberty.63–66 Children with poorer bone health
at diagnosis may have had more severe disease,
hence were offered biologics like infliximab to help with
disease control, and a by‐product was the benefit to
growth, resulting in improved height velocity.

Our study comes with the intrinsic limitations of any
retrospective work. Despite having statistical power, 47
patients is a relatively limited cohort. To make stronger,
more robust conclusions, a larger cohort would be
ideal. Many patients had incomplete data sets at follow‐
up. This could be due to requests for repeat tests being
missed, as well as the impact of the COVID‐19
pandemic which drove the switch to teleconsultations
from March 2020 onwards. The impacts were felt
during the follow‐up of the study where many consulta-
tions remained virtual and basic anthropometric mea-
surements like height and weight are not recorded
consistently. Additionally, Tanner staging to assess

pubertal stage was not performed at our centre. It is
important to note, vitamin D levels can vary among
ethnicities and across seasons which can be a
limitation when using it as a proxy for understanding
bone health.67 Performing a multicentre prospective
study would allow consistent data collection and ensure
the reproducibility of our findings.

Our findings demonstrate that age of diagnosis and
severity of CD are factors that significantly impact bone
health and growth. In particular, our data demonstrate a
significant impact of the age of diagnosis on height
velocity. Previous research shows that optimising each
on these factors individually is likely to have positive
knock‐on effects for the other aspects. Optimisation
cannot be achieved without regular monitoring which is
vital to visualise the trends in these parameters. To
improve this, a poster was created and is displayed in
clinic rooms (Figure 4). Monitoring and optimising
25OHD is a simple and accessible way to improve
bone health and growth. Considering the interplay
between the factors and optimising them will enable
children to put their best foot forward as they enter their
formative years.
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