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ABSTRACT

Objective(s) There has been a recent increase in awareness
of the importance of bone health in children treated by
paediatric orthopaedic and sports medicine providers. The
purpose of this study was to assess our utilisation of 25
hydroxy vitamin D (25(0H)Vit D) testing in the past 10 years,
and to evaluate the level of 25(QH)Vit D sufficiency in various
populations of patients seen.

Design This is a single site, retrospective medical record
review study.

Setting The study took place at a single large, private,
paediatric level 1 trauma teaching hospital in the Northeast
USA.

Participants Our internal medical records query system
identified all patients who have had 25(0H)Vit D testing in the
past 10 years, from 1 January 2009 to 31 December 2018.
All patients included were seen on an outpatient basis at our
Orthopaedic clinics.

Interventions No interventions for strict research, however,
eligible patients have had 25(0H)Vit D testing during their
standard of care treatment.

Main outcome measure(s) The varying number of 25(0H)
Vit D testing that occurred over the study time period

within Orthopaedic groups, and by Vit D levels as sufficient,
insufficient and deficient. 25(0H)Vit D sufficiency was >30 ng/
mL, insufficiency <30 ng/mL and deficiency were <20 ng/mL.
Patients were stratified and analysed.

Results Between 2009 and 2018, there were 4426 patients
who had 25(0H)Vit D testing. Vitamin D testing increased
significantly (p<0.001) in the past 10 years. 43% of patients
had sufficient 25(QH)Vit D levels, 41% had insufficient levels
and 15% had deficient levels.

Conclusion More frequent testing has led to an increased
identification of patients with insufficient and deficient 25(0H)
Vit D levels. We found over 50% of patients tested were found
to have 25(0H)Vit D levels under 30 ng/mL. There should be an
increased awareness of patients with orthopaedic problems
who may present with 25(0H) insufficiency.

INTRODUCTION
There is an increasing awareness of the
importance of vitamin D for the normal

Strengths and limitations of this study

» Large longitudinal study in single orthopaedic and
sports medicine centre.

» Able to assess vitamin D testing and trends over 10-
year period.

» Retrospective study design.

» Most of our patients did not have 25(0H)D testing,
and we can only report on those who did.

» Cannot assess vitamin D intake or treatment.

development of the paediatric skeleton and
for maintaining musculoskeletal health.
Historically, the primary source for vitamin
D was from exposure to the sun with limited
amounts coming from dietary intake, however
with increasing use of sun protection methods
to avoid skin cancer, the absorption of
vitamin D from the sun is decreasing.' In the
musculoskeletal system, vitamin D maintains
the skeletal calcium balance by promoting
calcium and phosphorus absorption in the
gastrointestinal system, improving calcium
retention in the renal system and improving
mineralisation and strength to the bone.”
Risk factors for vitamin D deficiency include
breast feeding without vitamin D supplemen-
tation, increased skin pigmentation, obesity,
older age, geographic latitude, decreased
dietary vitamin D intake and decreased sun
exposure.”* One study found that the preva-
lence of vitamin D deficiency (25(OH)D<20
ng/mL) at the end of winter in healthy adults
who drink milk and take a daily multivitamin
was as high as 32%.% The rates of 25(OH)D
deficiency in adolescents have been reported
to range from 17% to 47%.%® Vitamin D defi-
ciency has been shown to be a risk factor for
severe fractures in children.’

Universal screening for vitamin D is not
currently recommended in healthy children.
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Screening is currently only recommended for children at
risk for vitamin D deficiency.'’ The appropriate blood test
to assess vitamin D status is 25-hydroxyvitamin D (25(OH)
D), the storage form of vitamin D; the other available test
for 1,25-dihydroxyvitamin D (1,25(OH)D), the active
form of vitamin D, which is recommended for patients
with dysregulated vitamin D metabolism (eg, renal
disease) should not be utilised for assessing vitamin D
status in most people.'’ The serum 25(OH)D level reflects
the amount of vitamin D (cholecalciferol and ergocalcif-
erol) obtained from the diet and vitamin supplementa-
tion as well as the generation of cholecalciferol (vitamin
D3) in the skin on exposure to ultraviolet B radiation;
this also reflects the level of body stores of vitamin D.
The Endocrine’s Society’s Clinical Practice Guideline
defines vitamin D deficiency as 25(OH)D<20 ng/mlL,
insufficiency as 21-29 ng/mL and sufficiency as 30-100
ng/ mL.'"" " The Institute of Medicine has different levels
of 25(OH) which constitute deficiency, but this debate is
outside the scope of this paper.'' *

Children with 25(OH)D deficiency often present to
the orthopedist with musculoskeletal problems including
fractures, bony pain, skeletal deformity such as genu
valgum/varum and radiographic changes consistent
with rickets.'”” There have been inconsistent reports of
the impact of 25(OH)D in the orthopaedic literature,
however, many studies have found association of low
25(OH)D with increased odds for fractures,' '° lower
limb deformities,"® female athlete triad,'® slipped capital
femoral epiphysis'” and recently an increasing recogni-
tion of its role in progression and pathogenesis of scoli-
osis."® Vitamin D deficiency has also been reported in
patients with neuromuscular diseases, including cerebral
palsy and may contribute to bone fragility particularly in
these non-ambulatory patients.'*'

Providers in our Paediatric Orthopaedic and Sports
Medicine department have become increasingly aware
of the possibility of 25(OH)D deficiency, its prevalence
in our northeastern US location, and the problems asso-
ciated with musculoskeletal health. The purpose of this
study was to assess our utilisation of 25(OH)D testing
over the past 10 years and to evaluate the level of 25(OH)
D insufficiency and deficiency in various populations of
patients seen in our department. In addition, risk factors
for insufficiency and deficiency were assessed.

METHODS

Cohort selection

After obtaining approval from the hospital’s Institutional
Review Board, a retrospective chart review of patients
treated in the Orthopaedic and Sport Medicine Centres
at a large paediatric academic centre in the northeast was
conducted. Data were collected from our hospital based
medical records electronic query system from January
2009 to December 2018. Patients were included if they
met the following criteria: (1) age 0-20 years, (2) treated
in the Orthopaedic or Sports Medicine Centres and (3)

had a serum 25(OH)D level collected at the time of the
clinic visit. Exclusion criteria: (1) known skeletal dysplasia
or metabolic disorders such as osteogenesis imperfecta or
hypophosphatemic rickets. Patients were grouped into
four broad categories based on diagnosis: (1) cerebral
palsy/neuromuscular disorders, (2) sports medicine,
(3) spine and (4) general paediatric orthopaedics (not
otherwise specified above). Patients were grouped into
categories based on the type of physician seen at the time
of serum 25(OH)D collection: patients seen by a sports
medicine physician were placed into the category of
‘sports’; patients seen by the spine team were placed into
‘spine’; patients seen by our neuromuscular physicians
were placed into the category ‘cerebral palsy/neuro-
muscular disorders’ and all other patients seen by our
orthopaedic providers, including our bone health clinic
endocrinologists, were placed into ‘general’. Our prac-
tice has considerable subspecialisation within paediatric
orthopaedics to make this differentiation possible. Due
to the nature of our medical records electronic query
system, individual patient diagnoses for the visit were not
available. A sport medicine provider may see a patient
with spondylolysis and collect their 25(OH)D and that
patient will be categorised as a ‘sports’ patient; similarly, a
spine specialist may see a soccer player with scoliosis, and
they will be categorised as ‘spine’.

Additionally, we searched our hospital-based medical
records electronic query system for all unique patients
(no repeat visits) seen in the Department of Orthopae-
dics and Sports Medicine each year during this time to
serve as a volume control for the 25(OH)D testing.

Data collection and classification

Demographic and laboratory data: limited demographic
data were collected from the database including age,
sex, ethnicity, body mass index, date of visit, orthopaedic
treating provider and serum 25(OH)D levels (ng/mL).
All serum 25(OH)D levels were processed at the same
laboratory at our large paediatric academic centre using
mass spectrometry. While there is some debate over the
definition of 25(OH)D sufficiency, insufficiency and defi-
ciency in (:hildren,]0 2 in this study, we classified suffi-
ciency of 25(OH)D based on the Endocrine Society’s
recommendation: deficiency <20 ng/mlL, insufficiency
20—<30 ng/mL and sufficiency =30 ng/mL.lO We also
did an additional analysis of patients with a level <10 ng/
mL. Patients were categorised into the seasons in which
the 25(OH)D testing was completed as follows: spring
(1 March- 31 May), summer (1 June-30 August), fall (1
September-30 November) and winter (1 December—29
February). Body mass index (BMI) percentile was cate-
gorised according to the WHO categories for children
adjusted for sex and age as: underweight (<5th percen-
tile), healthy weight (between 5th and 85th percentile),
overweight (=85th but <95th percentile) and obese
(=295th percentile). Children under the age of 2 years did
not have BMI percentiles calculated and were therefore
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Characteristic Mean

P4

Characteristic Freq. (%)

Race

Black or African American 4114 234 )

American Indian or Alaskan Native 4114 6 0.1)

More than one race 4114 54 (1)

Ethnicity

Not Hispanic 4426 3005 (68)

BMI percentile category

Overweight 4426 523 (12)

Underweight 4426 330 ®)

Season

Summer 4426 1111 (25)

Winter 4426 1037 23)

CP 4426 914 (21)

Sports medicine 4426 1202 27)

Demographic and clinical characteristics of patients tested for 25(OH)vitamin D levels (n=4426).
BMI, body mass index; CP, cerebral palsy.

listed in the ‘unknown’ category which was not included
in the multivariable analysis.

Data analysis

Descriptive statistics and graphical displays were used to
describe the patient cohort. Associations between the
four different 25(OH)D levels and patient characteris-
tics were assessed by Spearman’s rank correlation anal-
ysis, Cochran Armitage test for trend or Friedmans test,
as appropriate. Univariate logistic regression was used
to assess associations between insufficient and sufficient
25(OH)D levels and patient characteristics. Furthermore,
the multivariable logistic regression analysis was used to
assess associations between patient characteristics and the

likelihood of testing insufficient in 25(OH)D or testing
sufficient for 25(OH)D. Since multiple comparisons
were conducted for each cohort characteristic, p-values
were adjusted using a Bonferroni adjustment and only
adjusted p-values are reported. Statistical significance was
set at p<0.05.

RESULTS

Cohort characteristics

From 2009 to 2018, there were a total of 4426 children
age birth to 20 years who had their 25(OH)D levels tested.
Initial query populated a list of 4527 unique patients
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Figure 1 Frequency of 25(0OH)Vit D tests reported as the

number of tests and the percent 25(0OH)Vit D tests per
orthopaedic volume per year.

(several patients had vitamin D tested more than once
but were only included once in the study); 101 patients
excluded because of age over 20 years old. The majority
of the cohort was female (n=2689/4426, 61%), white
(n=2765/4114, 67%) and non-Hispanic (n=3005/4426,
68%) (table 1). 25(OH)D levels for the cohort ranged
from <2 to 151 ng/mL. The lowest value (<2 ng/mL)
was in a patient noted to have active rickets, and his level
normalised after appropriate supplementation. The
highest level (151 ng/mL) was in a premature infant who
was on vitamin D supplementation in addition to formula
in her G-tube; the levels normalised after the supplemen-
tation was discontinued.

From 2009 to 2018, there was 3.9-fold increase in
25(OH)D testing. In 2009, we tested 171 patients for
25(OH)D, about 0.4% of the orthopaedic volume,
compared with 787 patients in 2018, about 1.7% of the
orthopaedic volume. There was an increase in the rate of
25(OH)D testing between 2014 and 2015. From 2009 to
2014, the average rate of testing was 0.6% and between
2015 and 2018, the rate of testing significantly increased
to an average of 1.7% of orthopaedic patients (p<0.001)
(figure 1).

Forty-three percent of the cohort had 25(OH)D levels
of at least 30 ng/mL (1925/4426), 41% had 25(OH)D
levels between 20 and 29.9 ng/mL (1836/4426), 14% had
25(OH) D levels between 10 and 19.9 ng/mL (600/4426)
and 1% had 25(OH)D levels below 10 ng/mL (65/4426)
(table 2). There was an inverse relationship present
between age and 25(OH)D level group (p=0.006) and
varying distribution of 25(OH)D level groups were across
increasing age groups (figure 2). There were also differ-
ences detected across BMI percentile categories and
25(OH)D levels (p<0.001) (figure 3). Similar trends in the
distribution of 25(OH)D levels were seen between spring
and winter (colder seasons) and similar trends were seen
in summer and fall (warmer seasons) (figure 4). While no
significant difference was detected across the seasons, the
distribution of 25(OH)D was different when comparing
cold to warm seasons (p<0.001). Similarly, while there
was no significant difference detected across physician

groups, it was found that spine physicians had dispro-
portional higher numbers of patients with low 25(OH)D
levels as compared with the other physicians (p<0.001);
figure 5.

Table 2 Demographic and clinical characteristics by
25(OH)Vitamin D groups (n=4426)

Multivariable analysis revealed that patients who were
older (p<0.001), non-white (p<0.001), obese (p<0.001),
visited a spine physicians (p<0.001) or whose level was
measured during the colder seasons (p<0.001) had an
increased likelihood of 25(OH)D deficiency (<20 mg/
mL). Moreover, it was found that for each additional year
of age, patients had a 7% increase in the odds of testing
25(OH)D insufficient (OR=1.07 95%, CI=1.04 to 0.1.10,
p<0.001). Patients who were obese had 2.4 times greater
odds of testing insufficient for 25(OH)D (OR=2.37, 95%
CI=1.74 to 3.23, p<0.001). Patients tested in the colder
months (winter or spring) had 2.1 times greater odds of
testing insufficient for 25(OH)D (OR=2.08, 95% CI=1.62
to 2.66, p<0.001). Patients seen by spine physicians had
1.6 times greater odds of testing insufficient for 25(OH)
D (OR=1.64, 95% CI=1.26 to 2.13, p<0.001). Non-white
patients had 3.2 times greater odds of testing insufficient
for 25(OH)D (OR=3.25 95% CI=2.44 to 4.33, p<0.001).

DISCUSSION

This study demonstrates a steady increase in the number
of 25(OH)D measurements obtained for children treated
for musculoskeletal disorders in our institution. In those
patients tested through our Department of Orthopaedics
and Sports Medicine, we found only 43% of patients with
sufficient levels of serum 25(OH)D; a surprising 41% were
insufficient, and 15% were found to be deficient. Other
research has shown variable levels of 25(OH)D insuffi-
ciency and deficiency, ranging from 40% to 90%*** and
our findings are consistent with this wide range. Davies
et al’* found that 82% (n=60) of the patients presenting
to a paediatric orthopaedic clinic in the UK over a 3year
period had 25(OH)D insufficiency, while 8% (n=15) had
a deficiency.” In a retrospective review of all patients seen
in a different orthopaedic clinic in the UK in 2010, inves-
tigators found that 88% (n=103) of patients had below
normal 25(OH)D levels (<30 ng/mL). These low levels
were often found in children presenting with limb or
back pain.*® Szalay et al”® reported a 40% rate of 25(OH)
D deficiency in the orthopaedic patients presenting to
their clinic in the American Southwest where more sun
exposure typically would be expected.”” Parry et al** eval-
uated the serum 25(OH)D levels of 70 patients prior to
elective orthopaedic procedures in Texas and found 90%
were deficient or insufficient. We also found a higher
rate of 25(OH)D deficiency in patients of non-white race,
Hispanic ethnicity, presence of obesity, those tested by
spine physicians and those in the colder months. It is still
not clear what level of low 25(OH)D leads to orthopaedic
problems, and this study was not able to determine this;
different orthopaedic problems likely have different
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Deficiency Deficiency Insufficiency Sufficiency
0-9.9 ng/mL 10-19.9 ng/mL 20-29.9 ng/mL 30+ ng/mL
(n=65) (n=600) (n=1836) (n=1925) ‘
Characteristic Freq. (%) Freq. (%) Freq. (%) Freq. (%) P value* P valuet

Gender (% male) 40 62) 241 (40) 705 (38) 751 (39) 0.11 0.08

White 20 (35) 270 (49) 1157 (68) 1318 (73) <0.001  <0.001

Asian 1 ()] 23 4) 52 (©)] 30 )
Native Hawaiian 0 0) 0 ) 0 ) 1 )
or Other Pacific

Islander

Other/unknown 26  (45) 187 (34) 360 @1) 375  (21)

Hispanic 9 (14) 94 (16) 153 8) 128 7) <0.001 0.004

Unknown 16 (25) 146 (24) 427 (23) 448 (23)

Obese 9 (14) 147 (25) 244 (13) 161 8)

Healthy weight 22 (34) 254 42) 932 (51) 1035  (54)

Unknown 17 (26) 72 12) 294 (16) 386 (20)

Spring 22 (34) 200 (33) 495 @27) 429 22)

Fall 16 (25) 127 @1) 451 25) 538 28)

o
N
~
o
(o]
iy}

Physician category

Spine 24 (37) 180 (30) 427 (23) 352 (18)
Lower extremity/ 18 (28) 208 (35) 579 (32) 522 27)
general

orthopaedics

Demographic and clinical characteristics by 25(OH)Vitamin D groups (n=4426).

*P-value calculated for comparison of four ordinal groups.

TP-value calculated for comparison of binary groups (deficient (<20 ng/mL) versus insufficient/sufficient (20+ng/mL) 25(0OH)Vit D levels).
BMI, body mass index; CP, cerebral palsy.

(3]
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Figure 2 Distribution of 25(0OH)Vit D laboratory values by
age for the cohort (n=4426).

thresholds where low serum 25(OH)D levels become
contributory.

The association of 25(OH)D deficiency with idiopathic
scoliosis has recently been shown.'® Several studies have
shown that increased scoliosis curve is associated with low
serum 25(OH)D levels.”” ® The mechanism of the influ-
ence of 25(OH)D on scoliosis is not known and may be
multifactorial."* 2" In our study, patients whose 25(OH)D
was tested by a spine specialist had a higher rate of defi-
ciency. This is not surprising given the negative correla-
tion seen between 25(OH)D levels and curve progression.
25(OH)D testing is routine in our institution prior to
surgery for idiopathic scoliosis.

Increased risk for 25(OH)D deficiency in darker
skinned individuals (‘non-white’), particularly for the
African-American population, has also been previously
reported in other studies.” * It is not clear whether or not
the 25(OH)D deficiency in African-Americans is associ-
ated with decreased bone mineral density and increased
risk for fractures in this population.'* In our study, we
also found a higher rate of 25(OH)D deficiency among
patients of non-white race and Hispanic ethnicity.

25(OH)D deficiency in overweight or obese children
has been demonstrated in several studies.”* This likely
has multifactorial influences including decreased 25 (OH)
D intake™ as well as possible sequestration of vitamin D
in adipose tissue causing the blood level of 25(OH)D to
underrepresent the total body levels.” In our study, we

50%
45%

20% = 10- 19.9 ng/mL
35 ®20-29.9 ng/mL
30! m 30+ ng/mL
25
20
15
| | l
oy |l - _I =3

Underweight Health weight

= 0-9.9ng/mL

Percent of patients
u O
XXX

Overweight Obese
BMI Percentile Category

Figure 3 Distribution of 25(0OH)Vit D groups by BMI
category for the cohort (n=4426). BMI, body mass index.

60%
m0-9.9ng/mL

® 10-19.9 ng/mL
® 20-29.9 ng/mL

40%
30+ ng/mL
30
20
) I I I
I _l — ou=s}

0%
Winter

50%

x®

Percent of patients
X

x

Spring Summer Fall

Season

Figure 4 Distribution of 25(0OH)Vit D groups by season for
the cohort (n=4426).

also found a higher rate of 25(OH)D deficiency among
obese patients.

Seasonal variation in serum 25(OH)D has been shown
in many studies, and 25(OH)D levels are lower in the
winter months.’** This includes studies done in locations
such as the southern USA where seasonal variation may
be considered less of a factor.’ ! This is likely due to the
decreased sun exposure during these months. We also
found a higher rate of 25(OH)D deficiency in patients in
the winter and spring months.

Currently, there are no recommendations for routine
screening or routine supplementation of vitamin D for
children and adolescents, although there is increasing
recognition that this should be strongly considered.'”* *
Should we recommend routine screening or supplemen-
tation of all children in Massachusetts, the northeast
USA, northern climates or all children in general?31
Minkowitz et al recommend 25(OH)D levels be checked
on all patients who sustain a fracture to increase compli-
ance of supplementation. However, perhaps all patients
should receive supplementation, and that may obviate
the need for screening?””*® While many paediatricians are
aware of the problem of vitamin D deficiency, few recom-
mend routine supplementation.””® The cost of testing on
a population basis can be high®* and this would support
more routine supplementation; however, routine adher-
ence to a vitamin D supplementation regime has been
difficult for many families.”” There have also been recent
endorsements from the American Academy of Paediatrics

LE/General
orthopedics

60%
®0-9.9 ng/mL

® 10- 19.9 ng/mL
™ 20-29.9 ng/mL

50%

40%

30
20
10
0% —I -
cP

Physician Category
Figure 5 Distribution of 25(0OH)Vit D groups by physician
category for the cohort (n=4426). CP, cerebral palsy; LE,
lower extremity.

M 30+ ng/mL

X

Percent of patients
X

X

Spine Sports
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for higher vitamin D supplementation at higher doses™

instead routine testing for vitamin D deficiency.

Our study had several limitations. Most of our patients
did not have 25(OH)D testing, and we can only report
on those who did; these patients were clearly selected by
their treating physician to be at some risk for 25(OH)D
deficiency and some physicians were more likely to test
to assess for this possible deficiency. We cannot stratify by
diagnosis because the data system we use cannot isolate
the diagnosis associated with that visit (most patients
have multiple diagnoses). We also cannot assess treat-
ment because, due to a 3-day delay in the 25(OH)D labo-
ratory testing, patients were contacted after their visit
and often a multivitamin or over-the-counter vitamin D
was prescribed; this is often not reflected in the medical
record. We also do not know if the children tested
were taking vitamin D supplement (or a multivitamin
containing vitamin D) prior to testing, using sunscreen
or obtaining significant vitamin D in their diet. Finally, we
could not identify patients who had conditions affecting
vitamin D intake, absorption and metabolism or chil-
dren taking drugs that interfere with vitamin D metabo-
lism; this relatively small cohort of patients was therefore
included in this study and would affect the analyses.

CONCLUSION

It is important to recognise that children in the north-
east USA are ‘at risk’ for low vitamin D and may present
with orthopaedic problems along with their insufficiency
or deficiency. We as providers need to recognise the risks
of 25(OH)D deficiency in this population and the need
for either increased supplementation or screening of
25(OH)D levels in this group.
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