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Abstract

Background—Vitamin D deficiency and low bone mineral density (BMD) are complications of
inflammatory bowel disease. Vitamin D deficiency is more prevalent among individuals of color
compared to Caucasians. There is little data comparing differences in serum 25-hydroxyvitamin D
(250HD) concentrations and BMD between African American and Caucasian children with
Crohn’s Disease (CD).

Methods—We compared serum 250HD concentrations of African American children with CD
(n=52) to Caucasian children with CD (n=64) and healthy African American controls (n=40). We
also analyzed BMD using dual energy x-ray absorptiometry (DXA) results from our pediatric CD
population.

Results—African American children with CD had lower serum 250HD concentrations [16.1
(14.5-17.9, 95%CI) ng/mL] than Caucasians with CD [22.3 (20.2-24.6, 95%CIl) ng/mL; p<0.001].
African Americans with CD and controls exhibited similar serum 250HD concentration [16.1
(14.5-17.9, 95%CI) vs 16.3 (14.4-18.4, 95%CI) ng/mL; NS]. African Americans with CD
exhibited no difference in serum 250HD concentration when controlling for seasonality, disease
severity and surgical history, though serum 250HD concentration was significantly decreased in
overweight children (BMI=85%, p =0.003). Multiple regression analysis demonstrated that obese
African American females with CD had the lowest serum 250HD concentrations [9.6 (6.8-13.5,
95%Cl) ng/mL]. BMD was comparable between African American and Caucasian children with
CD (Z score —0.4 £ 0.9 vs -0.7 £ 1.2; NS).

Conclusions—African American children with CD are more likely to have vitamin D
deficiency compared to Caucasian with CD, but have similar BMD. CD disease severity and
history of surgery do not affect serum 250HD concentrations among African American children
with CD. African American children have low serum 250HD concentrations, independent of CD,
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compared to Caucasian children. Future should research should focus on how race affects vitamin
D status and BMD in children with CD.
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Introduction

Methods

Vitamin D in humans is critical for calcium homeostasis and bone metabolism, but also may
have important roles in other organ systems via local production of the hormonal form of
vitamin D and subsequent binding to the nuclear vitamin D receptor! 2. The potential role of
vitamin D in the immune response has prompted an explosion of research in individuals
with chronic disease, including inflammatory bowel disease (IBD).

Skin pigmentation is a major factor influencing vitamin D status in children 3. The most
current National Health and Nutrition Examination Survey (NHANES 111, 2001-2006)
reports that up to 75% of all children have hypovitaminosis D with up to 95% of non-
Hispanic black children having vitamin D insufficiency®. Despite the striking difference in
vitamin D status between Caucasians and African Americans, the bone mineral density
(BMD) of these two populations is not reflective of this difference with African Americans
having higher BMD>®-". Although not fully understood, lower bone turnover, higher peak
bone mass potential and longer periods of bone formation are proposed mechanisms to
describe this paradox®. There is little evidence to suggest that this same paradox is true in
IBD.

Crohn’s disease (CD) is a chronic inflammatory condition associated with both low serum
250HD concentrations and decreased BMD?-11, The role of vitamin D in CD is not entirely
understood, but CD patients with a more severe disease phenotype have lower serum
250HD concentrations compared to those with milder phenotypes!2. Although malnutrition
and disease severity are associated with decreased BMD in CD!3 14, research in children
with IBD shows that not only is vitamin D a poor predictor of low BMD® 16 but that
treatment with supplemental vitamin D did not accelerate accrual of BMDY’. Important to
consider is that the majority of the IBD population in these studies is Caucasian with
minimal representation of other racial groups® 11. Vitamin D status and bone health in
African American children with CD is unknown.

The primary objective of this study was to compare vitamin D status between African
American children with CD, Caucasian children with CD and a healthy African American
control group. A secondary goal was to determine the effects of disease severity, history of
surgery, body mass index (BMI) and seasonality on vitamin D status in African American
children with CD. To evaluate differences in bone health between African American and
Caucasian children with CD, we compared dual energy x-ray absorptiometry (DXA) of the
pediatric CD population at our children’s hospital.

Study Population and Variables

In this cross-sectional analysis of vitamin D status, we evaluated clinical data and serum
samples of African American and Caucasian children with CD already enrolled in a
prospective cohort study at our institution. The Emory University Institutional Review
Board approved the protocol for this trial, and all patients gave informed consent and assent,
wherever appropriate. Any child with a diagnosis of CD receiving care of Emory Children’s
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Center/Children’s Healthcare of Atlanta was asked to participate in the study. Samples were
obtained from spring 2009 to winter 2011. African American controls were recruited from
healthy volunteers or patients with functional gastrointestinal disorders, gastroesophageal
reflux or constipation from our general gastroenterology clinic.

Chart review was used to determine race, history of surgery and disease severity. Patients
were characterized as having severe disease if they fulfilled Paris classification for
stricturing disease (B2), penetrating disease (B3), growth delay (G1) or perianal disease (p
modifier)18. Surgical interventions included ileocolectomy, colectomy, or small bowel
resection. Underweight was defined as a BMI < 5t percentile for age and overweight was a
BMI > 85t percentile for age based on the 2000 Center for Disease Control 2-20 year old
growth curves®, Season was determined based on the timing of the blood draw and
described as winter (December-February), spring (March-May), summer (June-August) or
fall (September-November).

All DXA scans performed on children with CD at Children’s Healthcare of Atlanta from
2006-2011 were included in our analysis. If a patient had multiple scans, only the initial
DXA scan was included in the analysis. BMI and history of surgery in this group was
determined by electronic chart review. DXA scan results are reported as Z scores of the total
body minus head and spine, adjusted for age and sex. Patients with a Z score of <-1 for
lumbar spine and/or total body met the definition of decreased BMD.

Laboratory Analysis

Statistics

Serum 250HD concentration (ng/mL) was assayed using the Immunodiagnostic Systems
iSYS (IDS-iSYS) automated analyser (Immunodiagnostic Systems Inc, Fountain Hills, AZ),
which uses a competitive binding chemiluminescence assay technique and correlates well
with the liquid chromatography-tandem mass spectrometry method 2°. Serum samples from
the study participants were stored at —80°C prior to analysis. All samples were performed at
one batch to reduce inter-assay variability. In our lab, the inter-assay CV for this method is
10.1 to 13.0%, and the intra-assay CV is 1.8 to 4.0%. The reportable range of the assay is
6-126 ng/mL. We participated in the vitamin D external quality assessment scheme to
ensure the accuracy of the 250HD measurements (site 606). For this study, we considered
serum 250HD concentrations <15 ng/mL as representing vitamin D deficiency and <32 ng/
mL as vitamin D insufficiency in keeping with data from the Institute of Medicine as well as
previous studies and skeletal health guidelines for children with inflammatory bowel
disease 3 9 11,21,

All statistical analyses were performed using SAS 9.2 (Cary, NC) and statistical significance
was assessed at the 0.05 significance level unless otherwise noted. Prior to analysis, the
normality of age, serum 250HD concentrations, and DXA normalized scores were assessed
using the Anderson-Darling test for normality and by visual inspection of the histograms.
The primary outcome measure, serum 250HD concentration was positively skewed,;
therefore, a log transformation was applied to obtain an approximate normal distribution. All
analysis related to serum 250HD concentrations were performed on the log-transformed
data (i.e., /og(250HD)) and then back transformed to the original units for reporting of the
results. The results of 250HD are presented using the geometric mean and its corresponding
95% confidence intervals?2. Additionally, age was not normally distributed; therefore, we
present the mean, 25t and 75t percentiles for age (years).

Descriptive statistics were calculated for all variables of interest for each cohort of patients.
Serum 250HD concentration in African Americans with CD, Caucasians with CD and
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African American controls were compared using one-way analysis of variance (ANOVA)
with the Dunnet’s multiple comparison procedure (MCP) or the Tukey-Kramer MCP.
Additionally, the distribution of age within each group was compared using the Kruskal-
Wallis one-way ANOVA procedure. Two-sample t-tests were used to compare whole body
BMD and spine BMD Z scores between African American and Caucasians with CD, while
Pearson chi-square was used to compare the proportion of patients with Z scores <-1 and <-2
between races. Additionally, two-sample t-tests were used to compare the log-transformed
serum 250HD concentration mean and BMD standardized values among various
demographics groups. Chi-square tests were used to compare the distributions of categorical
variables (e.g., race, BMI, CD severity, history of surgery, and seasonality) among the
groups of patients. Spearman’s rank correlations were used to assess the association between
age (in years) with 250HD and BMD. Finally, multiple linear regression was utilized to
identify significant predictors of serum 250HD concentration. The regression model, which
included gender, race, disease severity, surgical history, BMI and season of 250HD
measurement as variables, was constructed on the log-transformed data and the resulting
coefficients and confidence intervals were back-transformed to the original scale. Significant
interactions were retained if they were significant at the 0.1 level.

Demographics and Clinical Characteristics of Participants

A total of 156 subjects (70 female) were included in the 250HD analysis (Table 1). There
were 52 African American children with CD (9-21 yrs), 64 Caucasian children with CD
(8-21 yrs) and 40 African American controls (1-21 yrs). On average, African Americans
with CD were older than African American controls (17.0 vs 11.0 yrs; p < 0.001). There
were predominately more females in the African American control group while the CD
groups had predominately more males (p = 0.038). The majority of African American
children with CD had 250HD concentrations drawn in winter and spring, while in controls it
was summer and fall (p<0.001).

Serum 250HD Concentration

The mean (95% CI) serum 250HD concentration of African American children with CD
was 16.1 ng/mL (14.5-17.9) while in Caucasian children with CD, it was 22.3 (20.2-24.6;
p<0.001). In the African American control group, the mean serum 250HD concentration
was 16.3 ng/mL (14.5-17.9; p =0.990; Figure 1). In our study, the prevalence of vitamin D
deficiency and insufficiency in African American children with CD was 63% and 98%,
compared to 32% and 83% of Caucasians with CD. The prevalence of vitamin D deficiency
and insufficiency in our control population was 70% and 98%.

Table 3 presents the comparisons of serum 250HD concentration among various
demographic subgroups in African American patients with CD. Because the analysis was
conducted on the /og(250HD) and then back-transformed to the original units, the results
are presented using means and 95% confidence intervals. From these results, serum 250HD
concentration was found to be significantly different between BMI subgroups. Serum
250HD concentrations in overweight African Americans with CD were significantly lower
than patients with normal and underweight BMI values (9.9 vs. 16.8 ng/mL; p = 0.009 and
9.9 vs 17.8 ng/mL; p = 0.010). There was no difference in serum 250HD concentrations
among African American children with CD when stratified by disease severity (p=0.914) or
history of surgery (p=0.372). In African American children with CD, those with non-
complicated disease had a mean serum 250HD concentration of 16.1 ng/mL (13.6-19.2)
compared to 15.8 ng/mL(13.4-18.7) in those with complicated disease. African American
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children with CD and a history of surgery had a mean 250HD concentration of 17.0 ng/mL
(11.9-24.3) compared to 15.9 (14.2-17.9) in those with no surgical history.

Multiple linear regression of serum 250HD concentration using gender, race, disease
severity, surgical history, BMI and season of 250HD measurement revealed African
American race (p<0.001) and male gender (p=0.002) to be significant predictors of lower
serum 250HD concentration. Additionally, an interaction between African American race
and male gender (p=0.004) and African American race and overweight BMI (p=0.061) was
found to be significant. Table 4 presents back transformed, model-based predicted means
and 95% confidence intervals of 250HD. The results from this table point toward lower
serum 250HD concentrations for African Americans in general, but an even larger
deficiency in those that are overweight and female. For Caucasians, the largest predicted
deficiency occurs in overweight males.

Bone Mineral Density DXA Z score

One hundred sixty-six DXA scans of pediatric patients with CD were included in the
analysis of BMD. There were 38 African American patients and 128 Caucasian patients. The
BMI and history of surgery were similar between the two groups (Table 2). The mean total
body and spine Z score (£ SD) was similar between African Americans with CD [-0.4
(£0.9), —0.4 (£1.0)] compared to Caucasians with CD [-0.7 (£1.2), 0.7 (£1.1), Figure 2].
The prevalence of decreased spine BMD in our population of African American children
with CD was 32% and in Caucasians it was 43%, while for whole body BMD it was 29%
and 39%, respectively.

Discussion

The results of our study add to a growing literature demonstrating differences between
African American and Caucasian children with IBD. African American children with IBD
less frequently have a positive family history and are more likely to present with anemia and
nutritional failure23. Adult studies show that African Americans with CD more frequently
have upper Gl tract disease, colonic involvement and perianal disease compared to
Caucasians?4. This, in part, may be secondary to differences in genetic susceptibility25. Our
study confirms previous data showing that vitamin D status is yet another difference
between African American and Caucasians with CD.

Our results show that more than two-thirds of our African American controls have vitamin
D deficiency, echoing the results of prior studies 26-28, We also found that more than 40% of
African American children with CD are vitamin D deficient, a higher percentage than
previously quoted studies that included only a small number of African-American

patients % 11, Furthermore, our data reveals that the frequency of vitamin D deficiency in
African Americans with CD is no different than healthy African American children. This is
in sharp contrast to Caucasians, where published literature indicates 250HD concentrations
are significantly lower in patients with CD compared to healthy controls 211, Although our
results do show a significant difference in serum 250HD concentrations between African
American and Caucasian children with CD, almost the entire cohort is vitamin D insufficient
highlighting the importance of determining vitamin D status in children with CD.

Our data also suggests that serum 250HD concentrations in obese African American
children with CD are lower than normal or underweight patients. This observation is seen in
larger population studies as well 22, That obese African American females in our study had
the lowest serum 250HD concentrations was also expected, as female children are more
likely to have hypovitaminosis D27 30, This data highlights a potential high risk population
that warrants close monitoring. As with other studies comparing 250HD concentrations in

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2014 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Middleton et al.

Conclusions

Page 6

individuals with pigmented skin, our data demonstrates that seasonality does not affect
250HD concentrations in African Americans with or without CD disease 7» 26: 31, We also
found that, unlike previous studies, vitamin D status in African American children with CD
is independent of disease severity 12: 32, The reason for this dissimilarity is unknown, but
possibilities may include racial differences in the role of vitamin D pathophysiology in CD,
or that universally low 250HD concentrations in the African American population prevents
detecting a difference in individuals with CD.

The BMD of African American children with CD was similar to Caucasians with CD. That
these findings are different from population based studies demonstrating healthy African
American children have higher bone density than Caucasians33-3> may be due to our
relatively small sample size. The high percentage of Caucasian patients with DXA scans is
more likely secondary to differences in the patient population of the practices that refer to
the Children’s Healthcare of Atlanta radiology department than from racial disparity. The
paradox of lower serum 250H concentration in African Americans despite higher bone
mineral density does not hold true in our population. One possible explanation is that both
African American and Caucasian children with CD have sufficiently decreased serum
250HD concentrations to lower BMD. Another possibility, demonstrated by several
previous studies, is that vitamin D status in children with CD may play less of a role in
BMD.1% 36 Gijven our small cohort, larger, multi-center studies are necessary to determine
how race and vitamin D supplementation affects bone mineral density in children with CD.
As research continues to identify links between vitamin D and inflammation, perhaps
learning more about the differences of vitamin D absorption and metabolism in Caucasian
and African American children with CD can lead to further clues about the role of vitamin D
in inflammation.

Although this study has several limitations, we have a large cohort of African American
children with CD to determine the prevalence of vitamin D deficiency. Our study did not
consider vitamin D supplementation or dietary consumption when comparing serum 250HD
concentration. We feel that our results may still be valid as the two previous studies
evaluating vitamin D status in children with IBD found no difference in 250HD when
considering dietary or supplemental vitamin D 9 11, Although classification of disease
severity did not use a standardized clinical activity index, we feel that characterizing patients
by Paris classification acts as reasonable surrogate for severity. Children in our control
group were overly proportioned with females (62% vs 38%) and had a mean age that was
significantly less than the study group (10.3 vs 16.5). Despite these differences, other studies
have shown a similar percentage of vitamin D deficiency and insufficiency among healthy
African American children 37- 38, Many of the children in the African American control
group consisted of patients visiting our pediatric Gl clinic. Although these patients may not
be considered “healthy” control subjects, we limited our selection to individuals with issues
unlikely affecting vitamin D status. Although recent literature suggests that characterization
of BMD should consider bone age, our data relies solely on chronologic age3®. Because our
study relied on separate cohorts for the comparisons of serum 250HD concentration and
bone density, our conclusions regarding vitamin D status and bone health should be
interpreted with caution, and attempts to replicate this interesting finding in a single cohort
would be warranted. Despite the limitations of our study, we feel it adds to a growing body
of literature demonstrating differences between African American and Caucasian children
with CD.

African American children, regardless if they have CD, have a higher likelihood of being
vitamin D deficient compared to Caucasians with CD. Unlike Caucasians with CD, disease
severity and history of surgery do not affect serum 250HD concentrations in African
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American children. Obese African American females with CD are at highest risk of vitamin

D

deficiency. The paradox between low serum 250HD concentration and decreased bone

mineral density may not hold true in African American children with CD and further
research evaluating differences in vitamin D metabolism and effects of supplementation

be

tween African American and Caucasians may help determine the role of vitamin D in CD.
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Figure 1.

Box plot graph of serum 250HD concentrations (ng/mL) by race and disease. Boxes
represent values within the 25th—75th percentiles, lines represent the range, open circles the
outliers, diamonds the geographic mean and inner-box lines the median. Mean 250HD in
African Americans with CD was lower than Caucasians with CD (p<0.001) but similar in
African American controls (p=0.990). Dashed line represents serum 250HD concentration
of 32 ng/mL (vitamin D insufficiency) and 15 ng/mL (vitamin D deficiency).
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Figure 2.

Line plot graph of bone mineral density (DXA Z score) by race and total body or spine.
Diamonds represent individual African American children with CD, squares are Caucasians
with CD and open circles are the mean Z score in each group. Mean Z score was similar
between races (—0.4 vs —0.7 for both total body and spine; p=0.104 and p=0.236).
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Table 1
Demographic and clinical data of the 250HD study population

African Americans Caucasianswith  African American  p-value
with CD CD Controls
(n=52) (n=64) (n=40)

Age

Median  17.0(15.0-185)  155(130-180)  11.0(50-150)  qgoZ
(25%-75%) <0.001

250HD (ng/mL)

Mean  161(145-17.9)  223(202-246)  163(14.4-184) <0012

(95% ClI) 0.990
Gender — N (%)
Male 32 (61.5) 39 (60.9) 15 (37.5) 0038
Female 20 (38.5) 25(39.1) 25 (62.6) '
BMI - N (%)
Underweight 12 (23.1) 6(9.4) -
Normal 32 (61.5) 44 (68.8) - 0.118
Overweight 5 (9.6) 10 (15.6) -

CD Severity — N (%)

Non-complicated 27 (51.9) 43 (67.2) - 0.109
Complicated 21 (40.4) 17 (26.6) - '
History of Surgery — N (%)
Yes 9(17.3 14 (21.9 -
73 (21.9) 0.642
No 43 (82.7) 50 (78.1) -
Seasonality — N (%)
Winter 19 (36.5) 23(35.9) 3(7.5)
Spring 15 (28.8) 22 (34.4) 8 (20.0)
<0.001
Summer 8(15.4) 18 (28.1) 19 (47.5)
Fall 10 (19.2) 1(1.6) 10 (25.0)

250HD values were not normally distributed. A log-transformation was applied prior to data analysis. The resulting means and confidence limits
were then back-transformed to the original units (ng/mL).

p-values were calculated using Dunnett’s MCP test on log-transformed Vitamin D to account for non-normality. The first p-value is Underweight
vs Normal. The second p-value is Underweight vs Overweight. The third p-value is Normal vs Overweight.

3 . . ’ .
Spearman’s rank correlation and associated 95% confidence interval.
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Two-sample t-tests were used to compare whole body BMD and spine BMD Z scores between African

Americans and Caucasians with CD, while Pearson X2 was used to compare the proportion of patients with Z
scores <-1 and <-2 between races. Additionally, two-sample t-tests were used to compare the log-transformed

Table 2
Demographic and clinical data of the DXA study population

BMD standardized values among various demographics groups.

African Americans

Caucasianswith CD

with CD — p-value
(n=38) (n=128)
Age
Mean + SD 13.8+2.6 14.243.2 0.428
Whole Body BMD
Mean + SD -04+09 -07+12 0.104
Z score < -1 - N (%) 11 (29) 54 (39) 0.142
Z score < -2 - N (%) 1(3) 17 (12) 0.064
Spine BMD
Mean + SD -04+10 -07+11 0.236
Z score<-1-N (%) 12 (32) 59 (43) 0.112
Z score £ -2 - N (%) 3(8) 13 (10) 0.678
Gender - N (%)
Male 23 (60.5) 66 (51.6)
0.359
Female 15 (39.5) 62 (48.4)
BMI - N (%)
Underweight 6 (15.8) 25 (20.5)
Normal 24 (63.2) 72 (59.0) 0.840
Overweight 8(21.0) 25(20.5)
History of Surgery - N (%)
Yes 28 (73.7) 102 (79.7)
0.502
No 10 (26.3) 26 (20.3)
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Table 3

250HD comparisons among demographic and clinical variables in African American children with CD

M 250HD (ng/mL
Characteristic Level ean (95% Clggg mL) p-value
Gender | | |
Male 17.4 (15.2 - 20.0)
0.065
Female 142 (11.8-17.1)
CD Severity
Non-complicated 16.1(13.6 -19.2)
0.857
Complicated 15.8 (13.4-18.7)
History of Surgery | | |
No 15.9 (14.2-17.9)
0.659
Yes 17.0 (11.9 - 24.3)
BMI
Underweight 17.8 (14.3-22.1) 0.8732
Normal 16.8 (14.7-19.2) 0.009
Overweight 9.9 (7.1-13.8) 0.010
Season
Winter 148 (12.4-17.7)
Spring 16.9 (13.8-20.7)
0.321
Summer 14.5(11.0-19.1)
Fall 19.1 (14.9-245)
Age (r5- 95% CI)3 -0.04 (-0.31-0.24) 0.783

250HD values were not normally distributed. A log-transformation was applied prior to data analysis. The resulting means and confidence limits
were then back-transformed to the original units (ng/mL).

2 . . ) .
Spearman’s rank correlation and associated 95% confidence interval.
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Table 4
Predicted means from multiple regression model and 95% ClI

Predicted serum 250HD concentration and confidence intervals of specific demographic and clinical variables
calculated based on the multiple linear regression model. The regression model was constructed on the log-
transformed data and the resulting coefficients and confidence intervals were back-transformed to the original
scale. Significant interactions were retained if they were significant at the 0.1 level.

Clinical & Demographic | Predicted Mean 95% ClI
Characteristics 250HD (ng/mL) 0
African American with CD | |
overweight, female 9.6 (6.8-13.5)
normal weight, female 15.6 (13.0-18.8)
overweight, male 11.0 (7.5-16.2)
normal weight, male 17.9 (15.6 — 20.7)
Caucasian with CD
overweight, female 26.1 (19.8 - 34.5)
normal weight, female 275 (23.6-32.1)
overweight, male 19.0 (14.9 - 24.3)
normal weight, male 20.0 (17.4-23.0)
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