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Abstract 
Objective: Vitamin D has a variety of roles, including bone metabolism, calcium homeostasis, immunomodulation, 
anti-inflammation, and possibly neuroprotection. Neuroimaging has shown that hypovitaminosis D may cause more rapid 
progression and increased severity of white matter hyperintensities (WMH) in some populations. Individuals with 
Prader-WIlli syndrome (PWS) often have inadequate vitamin D intake, so we investigated if the burden of WMH in PWS 
is associated with hypovitaminosis D.   

Design/Methods: We evaluated brain MRI’s of 20 individuals with vitamin D levels measured at the time of the scan, who 
were between ages 5 and 46 years and had PWS (n = 17) or were typical siblings (n = 3). The presence and number of 
WMH were correlated with vitamin D. 

Results: Serum vitamin D levels were inversely correlated with the presence and number of WMH (0.025) in individuals 
with PWS and controls, as well as the progression of WMH (p = 0.029) in PWS. Additionally, vitamin D levels correlated 
with cognitive scores in PWS (p < 0.01). 

Conclusions: The results of this small study support that vitamin D has neuroprotective effects influencing the 
development and progression of WMH even in the pediatric population. Studies should be done in children with high 
prevalence of vitamin D deficiency such as obesity. 
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1 Introduction 
Prader-Willi syndrome (PWS) is a complex genetic disorder which is caused by the absence of normally active paternally 
expressed genes from the chromosome 15q11-q13 region. Features of PWS include poor feeding in infancy that is often 
associated with failure to thrive and obesity beginning around 2 years of age. In addition, patients demonstrate 
hyperphagia, hypotonia, developmental and cognitive delays, behavioral problems, sleep abnormalities, and neuro- 
endocrine aberrations [1, 2]. Hyperphagia is extremely common as children with PWS get older. It leads to worsening of the 
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obesity, and increased risk of metabolic and cardiovascular complications. Individuals with PWS also have a lower resting 
energy expenditure and lower muscle mass compared to body mass index (BMI)-matched controls, which further 
increases their risk for severe obesity. In order to ameliorate the obesity, most physicians and dieticians recommend a 
strict, low-fat, low-calorie diet [3].  

Because of the need for reduced caloric diet to help lessen the obesity, vitamin D intake is inadequate in most children with 
PWS [4]. It has been also shown that plasma 25-hydroxyvitamin D (25OHD) levels are inversely related to BMI with 
sequestration of vitamin D in the excess adipose tissue postulated as the underlying mechanism. Therefore, vitamin D 
deficiency is common in obesity including individual with PWS [5-7] and their increased risk of developing obesity related 
complications such as insulin resistance, hypertension, and low- grade inflammation [6, 7].  

Low levels of 25OHD are known to lead to accelerated bone turnover and increased risk of fractures. More importantly, 
25OHD levels have been negatively associated with inflammatory parameters such as C-reactive protein (CRP) and C3 
and C4 levels [8, 9]. Increased CRP levels in turn have been linked to cerebral small-vessel disease10 with brain imaging 
data showing ischemic infarcts and white matter hyperintensities (WMH) in individuals with low levels of 25OHD [11]. 
Additionally, deficiency of 25OHD has been associated with dysfunction of the frontal-subcortical neuronal circuits, 
particularly the dorsolateral circuit, which could play a role in explaining the cognitive dysfunction observed in patients 
with PWS [11].  

Vitamin D deficiency is associated with cognitive and executive function decline in the elderly population [12-14]. Vitamin 
D insufficiency and deficiency has been also linked to dementia (e.g. Alzheimer disease), stroke, and white matter 
demyelination reflected as WMH on brain MRI scans [11, 15, 16].  

We have published previously that individuals with PWS and early-onset morbid obesity have WMH on brain MRI and 
suffer from cognitive dysfunction [17]. In this study we sought to prove the hypothesis that WMH and decreased cognitive 
function in individuals with PWS are associated with vitamin D deficiency.  

2 Methods and procedures 
This study involved a sub-set of individuals who were participating in a clinical research study investigating the 
prevalence of structural brain abnormalities in individuals with PWS, early-onset obesity, and normal weight sibling 
controls. The study was approved by the Institutional Review Board at the University of Florida and all guardians provided 
informed consent. Seventeen individuals with PWS (8 male/9 female; ages 5-46 years) and 3 normal weight control 
siblings (2 males/1 female; ages 6-12 years) had vitamin D levels measured at the time of their brain MRI scan. All 
individual also underwent repeated MRI scanning 2 years after the initial brain MRI. MRI scans were performed on a 
Phillips 3-Tesla scanner. WMH were documented on a fluid attenuation inversion recovery (FLAIR) sequence and 
counted by a neuroradiologist who was blinded to the diagnosis and age of the subjects (IS). Statistical analysis was done 
using Spearman correlations between presence and number of WMH and vitamin D levels. 

Cognitive and achievement testing was performed on all individuals using the Woodcock-Johnson Test of Cognitive 
Abilities. Body fat was measured using a DEXA (dual energy x-ray absorptiometry; General Electric) scanner at the 
University of Florida, and body mass index standard deviation (BMI SDS) was calculated using growth charts from the 
Centers for Disease Control.   

3 Results 
Thirty-seven individuals with PWS had brain MRI scans, but only 17 had serum vitamin D levels measured at the time of 
their scan. Thirty controls underwent MRI examinations, with 3 having serum 25OHD levels measured.  Therefore, only 
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the 20 individuals with both vitamin D levels and brain MRI scans were used for the analysis in this study. Twelve of the 
17 individuals with PWS had WMH, ranging from 1 to greater than 50 in number (see Table 1). Two of the controls had 
WMH, with one having 5 lesions at age 10 and one having 28 WMH at age 12. Neither of the controls were obese and their 
mean BMI standard deviation score (SDS) was 0.16, while two of the individuals with PWS and WMH were obese with 
BMI SDS greater than 2. The mean BMI SDS for the group was 1.26. Within the 20 individuals who had 25OHD levels 
measured at the time of their scan, the presence and number of WMH did not correlate with BMI SDS, percentage of body 
fat, age, gender, or general intellectual ability (GIA) (see Table 1). 

Table 1. Characteristics of individuals in study 

Patient #/ Sex Diagnosis Age BMI SDS 
General 
Intellectual 
Ability (IQ) 

25OHD level #WMH 

1 PWS 33 1.22 74 20 7 
2 PWS 24 0.39 64 22.3 15 
3 PWS 40 1.66 80 24 51 
4 PWS 7 2.94 64 27 0 
5 PWS 5 0.68 81 28 5 
6 PWS 46 1.88 78 31.7 11 
7 PWS 18 1.45 88 32.6 2 
8 PWS 28 1.03 64 33.1 0 
9 PWS 30 0.84 74 34.7 11 
10 PWS 19 2.27 83 37 0 
11 PWS 26 1.11 65 38 1 
12 PWS 22 1.99 56 38 14 
13 PWS 7 -0.60 82 42.2 5 
14 PWS 6 1.07 91 44.2 0 
15 PWS 5 1.77 56 46.8 0 
16 PWS 31 0.8 66 60 0 
17 PWS 15 1.07 62 64 3 
18 Control 6 0.50 129 44.2 0 
19 Control 10 0.35 124 29.3 5 
20 Control 12 -0.36 120 27.1 28 

Serum 25OHD levels were inversely correlated with the number and prevalence of WMH (p = 0.025; see Table 1; Figure 
1). Thirteen of the seventeen individuals with PWS had PWS due to deletion. Nine individuals with WMH had 
deletion-type PWS, while only 1 individual with PWS due to UPD had WMH (p < 0.01).    

 

Figure 1. Relationship of vitamin D levels with number of White Matter Hyperintensities 
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25OHD levels did correlate with overall GIA (p < 0.001) in the individuals with PWS, but not in the sibling controls. 
However, the number of WMH did not correlate with overall GIA in the population (p = 0.87), suggesting that there may 
be independent effects of hypovitaminosis D on cognitive skills in these individuals. The level of 25OHD did not correlate 
with total achievement scores, cognitive speed, or verbal ability in either group. However, 25OHD levels did correlate 
with working memory scores (p = 0.05).   

One family had two control siblings and one child with PWS who had brain MRI scans as well as serum 25OHD levels. 
The sibling with the lowest 25OHD level (age 12; 25OHD level 27.1 ng/mL) had the highest burden of WMH (see Figure 
2a), while the sibling with an adequate 25OHD level for age (age 10; 25OHD level 29.3 ng/mL) had 5 WMH (see Figure 
2b), and the child with PWS (age 6; 25OHD level 44.2 ng/mL) did not have any WMH, indicating that the 25OHD levels 
correlate with the presence of WMH rather than with a genetic predisposition for white matter disease within the family.   

 

 
Figure 2. White matter hyperintensities and serum vitamin D levels in normal weight siblings. Axial FLAIR images of 
the 12 year old normal weight sibling (a) with a 25OHD level of 27.1 ng/mL and 28 white matter hyperintensities 
demonstrate multiple white matter lesions (arrows). Axial FLAIR images of the 10 year old normal weight sibling (b) 
with a 25OHD level of 29.3 ng/mL reveal decreased number of white matter lesions when compared to the 12 year old 
sibling.  The child with PWS (not shown) had no white matter lesions with a normal 25OHD level of 44.2 ng/mL. 

All individuals in this study had repeat MRI scans performed two years after the initial scans and 11 of those with PWS 
had repeat 25OHD levels performed again at the time of the second scan. There was a significant statistical association 
between 25OHD levels and change in WMH between the two scans (p = 0.029). Those who had persistently subnormal 
25OHD levels (less than 25 ng/mL) had increased burden of WMH on their second scan (see Table 2; Figure 3), while 
those who had improvement in 25OHD levels between the two scans had stabilization, or in one case improvement, in 
burden of WMH on the second scan. 
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Table 2. Relationship of 25OHD levels and # WMH 

Pt # 
Age at initial 
MRI 

Age at 
follow up 
MRI 

BMI SDS at 
initial MRI 

BMI SDS on 
follow up MRI 

25OHD levels 
at initial MRI 

25OHD levels 
on follow up 
MRI 

# WMH at 
initial MRI 

# WMH on 
follow up 
MRI 

1 33 40 1.22 1.66 20 24 7 51 

2 26 28 1.11 1.03 38 33.1 0 14 

3 22 24 1.99 0.39 38 22.3 14 15 

4 24 30 0.80 0.84 64 34.7 3 11 

 

Figure 3. Progression of white matter hyperintensities with persistent low serum vitamin D levels in a patient with PWS. 
Initial axial FLAIR image of a 33 year old male with PWS with a 25OHD level of 20 ng/mL shows no apparent white 
matter hyperintensities on this slice (he had 7 lesions overall), while a follow up MRI examination (b) reveals a cluster of 
white matter hyperintensities in the right hemisphere and a single lesion in the left hemisphere (arrows). The patient’s 
25OHD level had remained low during the interval between scans and at the time of the follow-up scan was 24 ng/mL.  

4 Discussion 
Previous MRI studies in elderly individuals (mean age 73.5) have shown an inverse relationship between serum 25OHD 
levels and the presence of ischemic infarcts and WMH [18, 19]. In this small study we found that the presence of WMH 
correlated with reduced serum 25OHD levels in much younger individuals with PWS, and even in a few normal weight 
control siblings. The lack of statistical correlation between WMH and BMI SDS, percentage of body fat, age, gender, or 
GIA as well as the occurrence in normal weight control siblings supports our suspicion that the vitamin D level might play 
a critical role in the development of WMH. In addition, the stability of WMH in patients with normal vitamin D levels on 
follow up in contrast to progression in patients with persistent abnormal levels even further reinforces the significance of 
vitamin D as neuroprotective agent. In the individuals with PWS, 25OHD levels were correlated with overall GIA and 
working memory, suggesting that, in addition to increasing the risk for WMH, there may be supplementary negative 
effects of hypovitaminosis D on cognitive skills. Given the prevalence of low levels of vitamin D in individuals with 
obesity and or metabolic syndrome, our findings suggest that children with obesity may be at increased risk for WMH and 
even cognitive dysfunction due to hypovitaminosis D. 

Vitamin D is a neurosteroid hormone which has been shown to have anti-neurodegenerative as well as anti-ischemic 
effects, by binding to the neuronal Vitamin D Receptors [20]. A growing body of neuropsychological research has 
demonstrated that hypovitaminosis D in adults is correlated with impairments in executive functions, particularly in 
mental shifting and information updating [14, 21-23]. PWS is associated with high rates of behavior problems including 
temper tantrums, compulsive behavior, perseverative speech, rigid thinking, and difficulty with mental shifting [1, 2]. In this 
small study, we found that cognitive ability in individuals with PWS was correlated with vitamin D levels, indicating that 
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vitamin D status should be closely monitored in these individuals and corrected if hypovitaminosis D is identified.  
Additional research is needed to determine if the combination of low vitamin D levels and WMH contribute to the myriad 
of behavioral and learning issues in individuals with PWS.  

Hypovitaminosis D may contribute to degenerative or vascular lesions that may be the cause of the WMH in individuals 
with PWS [18, 19]. In our previous study we noted that individuals with early-onset obesity also had WMH on brain MRI 
scan [17], but unfortunately in this study, we did not have serum 25OHD levels in individuals with early-onset obesity to 
perform the analysis. In our larger study we also noted that those patients with WMH had lower cognitive function than 
normal weight sibling controls [17]. As there is a high prevalence of low vitamin D levels in children with obesity [24], and 
studies in elderly patients have shown a relationship between hypovitaminosis D and decreased cognitive function [23], this 
issue clearly deserves additional research in childhood obesity and PWS.  PWS is an excellent model of childhood obesity, 
because the weight gain occurs in a predictable pattern during an expected age range (18 months-4 years). Given our 
findings in these individuals with PWS and the frequency of vitamin D deficiency in children with obesity, it will be of 
critical importance to further study brain development in individuals with childhood obesity. 

The limitations of this study include the small sample size and limited number of normal weight controls. We plan to 
undertake larger studies to further characterize the relationship between vitamin D levels, cognitive function, obesity, and 
WMH in individuals with PWS, early-onset obesity, and controls.  
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