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Abstract

Background—In adults, vitamin D deficiency is common in patients with nonalcoholic fatty
liver disease (NAFLD) and has been associated with the severity of histology. There are known
differences between adult and pediatric NAFLD, with little data regarding the relationship
between vitamin D and pediatric NAFLD.

Aim—To examine the relationship between vitamin D levels and NAFLD in children.
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Methods—Clinical and histological data was utilized from children aged 2-18 years with biopsy
proven NAFLD enrolled in the Nonalcoholic Steatohepatitis Clinical Research Network studies.
25(0H) vitamin D levels were measured from serum. Data examined included demographics,
anthropometrics, laboratory markers and liver histology. Data were analyzed using 3 categories of
vitamin D level: deficient (< 20 ng/mL), insufficient (21-29 ng/mL), and sufficient (= 30 ng/mL).

Results—102 children were studied. There was a high prevalence (80/102, 78%) of vitamin D
deficiency or insufficiency. However, there were no significant associations between vitamin D
level and the histological characteristics or severity of NAFLD. Significantly higher levels of
triglycerides were found in those with vitamin D deficiency (p=0.004), but there was no
association with other features of the metabolic syndrome.

Conclusions—There is a high prevalence of vitamin D deficiency and insufficiency in children
with biopsy-proven NAFLD, however no association was found between vitamin D deficiency
and the severity of disease on biopsies. This differs from adult NAFLD studies where vitamin D
deficiency correlates with histological severity, potentially suggesting differences in the risk
factors for or consequences of pediatric NAFLD.
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INTRODUCTION

Vitamin D has been shown to have a role in many disease processes including autoimmune
disease, infectious disease, cardiovascular disease and common cancers (1), inflammatory
processes (2) and liver diseases (3).

The prevalence of 25(OH) vitamin D insufficiency or deficiency is high in both adults (4)
and children (5) and has been associated with obesity in adults (6) and adolescents (7,8).
Additionally, low levels of vitamin D in adolescents have been associated with the
metabolic syndrome independently of adiposity (9).

Nonalcoholic fatty liver disease (NAFLD) is a hepatic manifestation of the metabolic
syndrome (10, 11), is increasing in prevalence in the US and is reported to affect nearly 11%
of adolescents (12). Animal models have shown that vitamin D deficiency in obese rats
exacerbates NAFLD histology (13). Furthermore, a meta-analysis of studies of adults with
NAFLD have shown an association between decreased vitamin D levels and NAFLD
diagnosed on biopsies, radiology and liver enzymes (14) with studies showing low vitamin
D levels correlating with the severity of steatosis independent of other components of the
metabolic syndrome (15,16,17). The pathogenesis of the association between low vitamin D
levels and NAFLD is unclear, but protective anti-inflammatory, anti-fibrotic and metabolic
effects of vitamin D on both parenchymal hepatocytes and non-parenchymal hepatic cells
have been suggested (18).

Although pediatric and adult NAFLD share many features, there are known differences in
histology, for example location of inflammation and fibrosis (19), with some suggestion that
there is more aggressive disease progression and potentially different NAFLD etiologies in
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the young obese population (20). Although adult data suggest there is an association
between low vitamin D levels and NAFLD, there is a paucity of pediatric data regarding
vitamin D status and NAFLD. Data regarding the relationship between vitamin D levels and
pediatric NAFLD could potentially lead to better insight into the pathogenesis of NAFLD in
children and may be actionable in conjunction with increased outdoor physical activity
recommendations.

The primary aim of our study was to examine the relationship between 25(0OH) vitamin D
levels and biopsy proven NAFLD in children, including the degree of inflammation and
fibrosis on biopsies.

Secondary aims were to examine the relationship between 25(OH) vitamin D levels with
transaminases, dietary history, BMI z-score, insulin resistance and serum inflammatory
markers in children with biopsy proven NAFLD.

MATERIALS AND METHODS

Study sample

This study utilized pediatric clinical and histological data obtained from the National
Institutes of Diabetes and Digestive and Kidney Diseases (NIDDK) funded Nonalcoholic
Steatohepatitis Clinical Research Network (NASH CRN), a multicenter, collaborative of 8
pediatric clinical centers to assess the etiology, natural history and therapy of NAFLD.
Between 2004 and 2008, the NASH CRN enrolled children age >2 years with NAFLD into
the observational NAFLD Database study (NAFLD DB) (21). Additionally, children =7
years with biopsy proven NAFLD, were randomized into the Treatment of NAFLD in
Children (TONIC) trial (22). All participating centers’ Institutional Review Boards and an
NIDDK appointed Data and Safety Monitoring Board approved all NASH CRN study
protocols.

The current investigation included all children from either NASH CRN study, ages 2-18
years, with biopsy proven NAFLD, and a baseline serum sample within 31 days of biopsy.

Vitamin D determination

Histology

25(0OH) vitamin D levels were measured from serum samples using the FDA approved,
validated (23) chemiluminescent LIAISON® 250H vitamin D assay (DiaSorin, Stillwater,
MN) on the LIAISON® analyzer according to the manufacturer's instructions.

All liver histology was centrally reviewed by the Pathology Committee of the NASH CRN
(24). NAFLD was defined as the presence of at least 5% steatosis and the absence of
evidence for other etiologies of chronic liver disease. Biopsies were scored according to the
NASH CRN criteria (23).

To characterize associations between vitamin D level and liver histology severity, some
grades or stages of a histological feature were combined as follows: steatosis (2 levels: grade
1 (5-33%) vs. 2-3 (>33%)), lobular inflammation (2 levels: grades 0-1 (< 2 on 20x
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magnification) vs. 2-3 (=2 on 20x)), portal chronic inflammation (2 levels: grade 0 (none)
vs. 1-2 (mild or more)), hepatocellular ballooning injuring (2 levels: grades 0-1 (none/few)
vs. 2 (many)), Mallory-Denk bodies (2 levels: many vs. rare/absent), fibrosis (4 levels:
stages 0 (none), 1 (1a,b,c-mild/moderate), 2 (moderate), 3—4 (bridging/cirrhosis)). Advanced
fibrosis was defined as bridging fibrosis or cirrhosis. The diagnostic categorization of
steatohepatitis was grouped into 4 levels for analyses (NAFLD only, borderline
steatohepatitis zone 3, borderline steatohepatitis zone 1, definite NASH). The NAFLD
Activity Score (NAS), which ranges from 0 to 8, was analyzed as a binary variable: 04 vs.
5-8.

Study variables

Demographic information was collected via structured interview and questionnaires.
Anthropometric measures were determined by the study physician at enroliment. Body mass
index (BMI) z-score was determined according to age and gender based on data from the
CDC(25) and categorized into 2 groups: <2 (overweight or less) vs. =2 (moderately or
severely obese). Tanner stage was defined as early (stages 1-2) vs. late (stages 3-5).

Fasting whole blood samples were obtained via venipuncture and were processed for
glucose, insulin, triglycerides and cholesterol (total, HDL and LDL). The homeostatic model
assessment of insulin resistance (HOMA-IR) was determined from fasting glucose and
insulin values. Other laboratory assays included were alanine aminotransferase, aspartate
aminotransferase, uric acid, C-reactive protein, iron, ferritin, gamma glutamy! trans-
peptidase and platelets.

Three variables for physical activity levels were created by using available self-reported
information from the Modifiable Activity Questionnaire (26): (1) screen time (< 2 hrs/day
vs. = 2 hrs/day), (2) any exercise (<1 hr/day vs. =1 hr/day) (3) an average of all physical
activity metabolic equivalent tasks (MET)-hours/week). Average daily dietary and
supplemental vitamin D and calcium intake, and daily servings of dairy products was
collected via the Block Brief 2000 Food Frequency Questionnaire (27).

Children were classified as having the metabolic syndrome if they met >3 of the 5 individual
components from criteria previously published (28).

Statistical Analyses

For univariable analyses, 3 categories of vitamin D level were created: deficient (< 20 ng/
mL), insufficient (21-29 ng/mL), and sufficient (= 30 ng/mL)(1). Categorical data were
compared across vitamin D groups using either Fisher’s exact test or a Pearson’s Chi-square
test. The P value for trend was determined from a Cochran-Armitage trend test, Mantel-
Haenszel Chi-square test or the exact version of the test (29). Continuous data were
compared across vitamin D groups using a Kruskal-Wallis non-parametric test due to non-
normality of the measures. The P value for trend was determined from a non-parametric
score test for trend (30).

Univariable and multivariable analyses were used to determine associations between vitamin
D deficiency (compared to insufficiency and sufficiency) and clinical and histological
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characteristics. Unadjusted odds ratios (ORs), 95% confidence intervals and P’s were
determined from simple logistic regression of vitamin D severity on each characteristic.
Adjusted ORs, 95% confidence intervals and P’s were determined from multiple logistic
regression of vitamin D severity on each characteristic with adjustment for sex (boys vs.
girls), ethnicity (Hispanic vs. non-Hispanic), Tanner stage (late vs. early) and season of
sample collection (spring/summer vs. fall/winter). P values were determined from a Wald
test. For Mallory bodies, the adjusted model was assessed using exact logistic regression due
to small numbers. Age 2 was excluded from the analyses of age due to being an outlier;
however, the inference did not change with inclusion of the data point.

For all analyses, either SAS (version 9.3; SAS Institute, Inc., Cary, NC) or Stata (release 12;
Stata Corps LP, College Station, TX) statistical software was utilized. We considered
differences statistically significant when P values were < 0.05. Nominal two-sided P values
were used.

RESULTS

106 children with biopsy proven NAFLD age 2 to 18 years were identified with histology
from centrally reviewed biopsies and a baseline serum sample within 31 days of biopsy. 102
of these children had a vitamin D level obtained and were included in this analysis; 4 had
insufficient serum. Demographics and characteristics of these children are summarized in
table 1. Overall, 78% (80/102) of subjects were vitamin D deficient or insufficient, with
35% (36/102) having insufficiency and 43% (44/102) having deficiency. Baseline
demographics of subjects in the study were not significantly different in any of the vitamin
D groups (table 2) including age, gender, race and ethnicity. Anthropometric measures of
Tanner stage, BMI z-score, weight and waist circumference also did not significantly differ
between the three groups.

There was no significant difference between the three vitamin D groups and the distributions
of histological characteristics or severity of NAFLD (table 2, figure 1), including steatosis
grade, lobular inflammation, portal chronic inflammation, ballooning injury, Mallory-Denk
bodies, fibrosis stage, steatohepatitis diagnosis and NAS. Having vitamin D deficiency was
not significantly associated with these histological features of NAFLD (table 3) after
adjustment for gender, ethnicity, tanner stage and season.

Significantly higher levels of triglycerides were found in those with vitamin D deficiency
and insufficiency (173.4+£116.7 mg/dL in deficient group vs. 128.1+53.1 mg/dL in
insufficient group vs. 98.9+£36.7 mg/dL in sufficient group, p=0.004) (table 2). However, no
significant difference between Vitamin D groups was found between the percentage of
children who met the criteria for high triglycerides as a feature of the metabolic syndrome
(defined as > 95™ percentile for age and sex), or other individual features of the metabolic
syndrome of central obesity, high blood pressure and impaired glucose, or having metabolic
syndrome (table 2). The percentage of patients with a low HDL cholesterol, however,
trended towards increased numbers in the vitamin D sufficient group (33% in deficient
group vs. 30% in insufficient group vs. 37% in sufficient group, p=0.08, p trend = 0.05).
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Children with vitamin D deficiency or insufficiency had higher total cholesterol levels than
those who were sufficient (176.0£27.6 mg/dL in deficient group vs. 171.4+31.6 mg/dL in
insufficient group vs. 149.2+32.7 mg/dL in sufficient group, p=0.007, table 2) and a trend
towards higher LDL cholesterol levels (p trend=0.05). There were no differences seen
between the three vitamin D groups and other laboratory parameters analyzed (ALT, AST,
uric acid, CRP, Iron, Ferritin, GGT, Insulin, HOMA-IR, HDL cholesterol, see table 2).

Vitamin D levels did significantly vary with the time of year in which they were collected,
with higher levels of deficiency being found in fall/winter (62%) than spring/summer(34%)
(p=0.03), with an OR of having vitamin D deficiency in the spring/summer vs. fall/winter of
0.32 (95% CI 0.13-0.74, p=0.008). However, there was non-significant variation in vitamin
D level from month to month (p=0.11, Figure 2). There was no significant association
between vitamin D levels and geographical region of the USA (north/south), dietary intake
of vitamin D and calcium and activity level, including exercise and (MET)-hours/week.
There was no significant difference between screen time and vitamin D group (p=0.07),
however the adjusted OR of being vitamin D deficient with higher screen time was 0.27,
p=0.04 (table 3), suggesting decreased screen time was associated with vitamin D
deficiency.

The 102 children included in this vitamin D study (17 from DB, 85 from TONIC) were
compared by logistic regression to the children not included in the study (178 from DB, 88
from TONIC), due to not having biopsy data or labs drawn within 31 days of biopsy, by
basic demographics, laboratory and histology characteristics. Those included in the vitamin
D analyses were more likely to be Hispanic, in earlier Tanner stages and had higher BMI z-
scores. None of these characteristics were associated with vitamin D level. No histological
features were associated with being in the vitamin D analyses.

DISCUSSION

This is the largest and most comprehensive pediatric study to date to examine the
relationship between 25(0OH) vitamin D status and the degree of inflammation and fibrosis
on biopsies in NAFLD. In this study no statistically significant association was found
between vitamin D deficiency and the histological severity of NAFLD. In addition, no
association was found between vitamin D deficiency and aminotransferase levels. Our
findings agree with a large pediatric study by Katz (31) using National Health and Nutrition
Examination Survey (NHANES) data where vitamin D levels were not found to be
independently associated with suspected NAFLD based on elevated ALT levels in
adolescents, and a smaller study by Ashraf (32) where no significant differences were found
in AST and ALT when comparing adolescents with and without adequate levels of vitamin
D. Conversely, Manco (33) reported that low 25(OH) vitamin D increased the likelihood of
fibrosis and necroinflammation in pediatric NAFLD; however this was in a small case series
published as a letter without methodology of the study included.

Our findings of a lack of association with vitamin D status and histological severity of
NAFLD in children differ from findings of adult studies. Targher reported a correlation
between low vitamin D levels and severity of steatosis, necroinflammation and fibrosis on
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biopsy (15), and low vitamin D levels have been reported to correlate with the severity of
steatosis independent of other components of the metabolic syndrome (16,17). These adult
studies may possibly differ from our pediatric findings for a number of reasons. One
hypothesis is that 25-hydroxylation of vitamin D may be reduced in pre-existing liver
damage rather than leading to the liver damage, so adults who may have had the disease for
longer in addition to accumulating a number of other insults to the liver over their life spans,
may have lower levels of vitamin D correlating to their liver histology. Another possibility is
that although there is much overlap, there are known differences in the histology (19) and
course (20) of pediatric NAFLD compared with adult NAFLD, possibly suggesting that
different etiologies and risk factors may be responsible for the disease.

In our study a striking number of subjects had vitamin D deficiency or insufficiency (78%).
A meta-analysis (14) of published studies to date assessing the relationship of vitamin D
concentrations and NAFLD diagnosed on biopsies, radiology and liver enzymes showed that
NAFLD patients compared with controls were 1.26 times more likely to be vitamin D
deficient (OR:1.26, 95% ClI:1.17, 1.35). Our study did not have a control group without
NAFLD to make this comparison. However, population based data from NHANES IlI
reveals a prevalence of vitamin D insufficiency or deficiency as high as 63% in children
aged 1-5 years and 73% in those 6-11 years (5).

In previous studies, low levels of vitamin D have been associated with obesity (6), with
vitamin D insufficiency rates in obese adolescents reported ranging between 29% to more
than 90% (7,8) influenced by ethnicity and climate. However in our study, a statistically
significant difference was not found between the three vitamin D groups and obesity.
Although no statistically significant differences were found, the majority of the patients in
this study had vitamin D deficiency or insufficiency (78%) and were moderately to severely
obese with a BMI z-score =2 (87/102, 85%), so it may be possibly underpowered to detect
an association with BMI z-score and vitamin D sufficiency/deficiency. Low levels of
vitamin D have been associated with features of the metabolic syndrome independent of
adiposity (9), however in our study vitamin D deficiency was associated with higher
triglyceride levels, but not other features of the metabolic syndrome.

Many factors can contribute towards vitamin D deficiency. Vitamin D levels did vary with
season, with higher levels in the spring/summer and lower levels in the fall/winter as
previously described in the United States (34). 68/102 (67%) of samples in this study were
collected during the spring/summer months and 34/102 (33%) in the winter months;
however, samples were collected during every month of the year (Figure 2), with a range of
4 to 17, and an average of 6 samples per month, likely providing an adequate sampling
across the entire year to not skew the results found. Moreover, there were no differences in
the distribution of the month of sample collection between the three vitamin D groups.
Vitamin D levels were not associated with dietary intake of vitamin D; however all three
groups had a mean calculated intake of less than 6001U, which is the current recommended
dietary allowance (RDA) (35), potentially contributing to the high levels of vitamin D
deficiency seen overall. Additionally 70% (71/102) of children in this study were Hispanic,
with data from NHANES reporting high levels of vitamin D deficiency (80%) in the
Hispanic pediatric population (36).
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Limitations of this study include that data was cross-sectional and hence, causal inferences
cannot be drawn. Longitudinal pediatric studies would be a better way to define the
relationship between vitamin D deficiency as an etiology or consequence of NAFLD. All
children in this study had NAFLD; a control group who are obese or have metabolic
syndrome may have better been able to define the relationship between vitamin D deficiency
and NAFLD. In addition, given vitamin D levels are frequently insufficient in the Hispanic
population and NAFLD is frequent in this same population, a study including non-NAFLD
Hispanic participants may be necessary to better define the relationship between Vitamin D
deficiency and NAFLD. Additionally, this study was unable to assess the relationship
between “very low” levels of vitamin D and NAFLD histology as only 7 patients had
vitamin D levels <12 ng/mL and so was underpowered to do so. There were also small
numbers of patients with vitamin D sufficiency (n=22), which limits the power to detect
differences, and this may be important given the negative findings of this study. However,
this is the largest study to date looking at the relationship between vitamin D deficiency and
biopsy proven NAFLD in children while taking into account seasonal variation of sampling
over a time span of 4 years.

CONCLUSION

There is a high prevalence of 25(0OH) vitamin D deficiency and insufficiency in children
with biopsy-proven NAFLD. However, no association was found between vitamin D
deficiency and the severity of inflammation and fibrosis on the biopsies. This differs from
adult NAFLD studies where vitamin D deficiency correlates with histological severity on
biopsies, potentially suggesting differences in the risk factors for or consequences of
pediatric NAFLD. Controlled longitudinal studies are needed to better define the
relationship between vitamin D status and pediatric NAFLD.
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Figure 1.

Vitamin D level (ng/mL) by Steatosis grade, Fibrosis stage, Steatohepatitis diagnosis, and
NAFLD activity score. P (2-sided) derived from linear regression of Vitamin D value on
each categorical histological feature.
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Table 1

Demographic, anthropometric and laboratory values for children with NAFLD in the Vitamin D study

Characteristics All
Children
(N=102)

Specimen characteristic:

Vitamin D level 23.1+88
Season: Spring/summer (Apr-Sept) 68 (67%)
Demographics:
Gender: Boys 83 (81%)
Age at enrollment (years), mean+SD 129+27
Caucasian: Yes 74 (73%)
Hispanic: Yes 71 (70%)
Region: South 57 (56%)
Anthropometric:
Tanner stage: early (1-2) 63 (62%)
Tanner stage, mean£SD 141+24

Body Mass Index (Z-score):
< 2.0 (overweight or less) 15 (15%)
2.0 — (moderately or severely obese ) 87 (85%)

Mean+SD 2.40 + 0.50
Weight, kg, (mean+SD) 86 + 23
Waist circumference, cm, (mean+SD) 107 £ 14

Laboratory values' (mean+SD):

ALT (U/L) 115 + 68
AST (U/L) 67 +37
GGT (U/L) 485+36.7
Glucose (mg/dL) 88.8+8.4
Insulin (mcU/mL) 32.2+17.6
HOMA-IR (mg/dL x mcU/mL/405) 71+41
Triglycerides (mg/dL) 1415+89.5
Cholesterol, total (mg/dL) 168.6 + 31.6
Cholesterol, HDL (mg/dL) 36.7+7.2
Cholesterol, LDL (mg/dL) 105.3+26.0

*
106 participants age 2 through 18 at enroliment in NAFLD DB or TONIC with histology from centrally reviewed biopsies within 31 days of
blood draw were analyzed for Vitamin D level. A total of 102 participants had a Vitamin D level.

No. (%) or mean£SD are presented.

TVariabIe definitions:

ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma glutamy| trans-peptidase, HOMA-IR: homeostatis model
assessment of insulin resistance index
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