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Abstract 

Background  Plasma levels of vitamin D have been reported to be low in persons with Down syndrome (DS) 
and existing data is limited to small and homogenous cohorts. This is of particular importance in persons with DS 
given the high rates of autoimmune disease in this population and the known relationship between vitamin D 
and immune function. This study sought to investigate vitamin D status in a multi-center cohort of individuals with DS 
and compare them to individuals with autism spectrum disorder (ASD) and neurotypical (NT) controls.

Methods  A retrospective, multi-center review was performed. The three sites were located at latitudes of 42.361145, 
37.44466, and 34.05349. Patients were identified by the International Classification of Diseases (ICD)-9 or ICD-10 codes 
for DS, ASD, or well-child check visits for NT individuals. The first vitamin D 25-OH level recorded in the electronic 
medical record (EMR) was used in this study as it was felt to be the most reflective of a natural and non-supplemented 
state. Vitamin D 25-OH levels below 30 ng/mL were considered deficient.

Results  In total, 1624 individuals with DS, 5208 with ASD, and 30,775 NT controls were identified. Individuals with DS 
had the lowest mean level of vitamin D 25-OH at 20.67 ng/mL, compared to those with ASD (23.48 ng/mL) and NT 
controls (29.20 ng/mL) (p < 0.001, 95% CI: −8.97 to −6.44). A total of 399 (24.6%) individuals with DS were consid-
ered vitamin D deficient compared to 1472 (28.3%) with ASD and 12,397 (40.3%) NT controls (p < 0.001, 95% CI: 
−5.43 to −2.36). Individuals with DS with higher body mass index (BMI) were found to be more likely to have lower 
levels of vitamin D (p < 0.001, 95% CI: −0.3849 to −0.1509). Additionally, having both DS and a neurologic diagno-
sis increased the likelihood of having lower vitamin D levels (p < 0.001, 95% CI: −5.02 to −1.28). Individuals with DS 
and autoimmune disease were much more likely to have lower vitamin D levels (p < 0.001, 95% CI: −6.22 to −1.55). 
Similarly, a history of autoimmunity in a first-degree relative also increased the likelihood of having lower levels of vita-
min D in persons with DS (p = 0.01, 95% CI: −2.45 to −0.63).

Conclusions  Individuals with DS were noted to have hypovitaminosis D in comparison to individuals with ASD 
and NT controls. Associations between vitamin D deficiency and high BMI, personal autoimmunity, and familial auto-
immunity were present in individuals with DS.
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Introduction
Down syndrome (DS) is the most common genetic cause 
of intellectual disability, occurring in roughly one in 700 
live births [1, 2]. Individuals with DS have a variety of 
co-occurring conditions that can occur across the lifes-
pan, with autoimmune diseases such as Hashimoto’s thy-
roiditis, celiac disease, and type one diabetes being highly 
prevalent [3, 4].

Vitamin D has been reported to be low in persons with 
DS, but nearly all of these studies come from small and 
homogenous cohorts [5–7]. In addition, individuals with 
DS and associated autoimmune disease or obesity have 
been noted to have particularly high rates of hypovita-
minosis D [5]. Vitamin D has been linked to the modu-
lation of T-cell proliferation [8, 9], cytokine modulation 
[10], and protection against the development of a variety 
of autoimmune diseases [11] and has become increas-
ingly viewed as an important contributor to autoimmune 
disorders. Given the high rate of autoimmune disorders 
observed in this population, knowledge of vitamin D sta-
tus could provide an opportunity for potential therapeu-
tic interventions.

The cause of hypovitaminosis D in individuals with DS 
remains unknown although other neurodevelopmental 
disorders, such as autism spectrum disorder (ASD), have 
reports of similar findings [12, 13]. In addition, there does 
appear to be a similar inflammatory signal to hypovita-
minosis D in this population as well [14]. Although much 
more genetically diverse, individuals with ASD have 
some similar neurological and medical co-morbidities to 
individuals with DS which serves as a similar comparator 
group. Research on the role of vitamin D supplementa-
tion in this population is more advanced than in the DS 
literature although the results of such interventions have 
been mixed [15, 16].

The purpose of this study was to assess vitamin D sta-
tus in a cohort of individuals with DS and compare them 
to individuals with ASD and a control group without a 
neurodevelopmental disorder diagnosis (neurotypical 
(NT) control). Furthermore, we investigated if there was 
an association between vitamin D status and the pres-
ence of autoimmune disease and neurological disorders 
in persons with DS.

Methods
Approvals and study setting
Following individual Institutional Review Board approv-
als at each site, a multi-center, retrospective chart review 
was performed. The three clinical sites were Boston, MA; 
Palo Alto, CA; and Los Angeles, CA, all located in the 
USA. All sites were tertiary academic medical centers 
with dedicated centers for both DS and ASD.

Data availability
Anonymous data for this study is available on reasonable 
request to qualified researchers following approval and 
authorization of the IRBs.

Patient identification
Electronic medical records (EMRs) were utilized to 
identify patients. A query of individuals with either an 
International Classification of Diseases (ICD)-9 (758.0) 
or ICD-10 (Q90) code for DS was performed. From the 
study population, any patient with at least one vitamin 
D 25-OH (25(OH)D) level was included. The control 
population was obtained by querying any patient with 
a 25(OH)D level performed in the outpatient setting of 
the main clinical site’s health system. From this group, 
patients with ASD were isolated as a separate patient 
population and were identified by either an ICD-9 (299.0 
and/or 299.01) or ICD-10 (F84.0 and/or F84.5) code for 
ASD. Neurotypical controls were identified by using any 
of the following ICD-9: V20.2, V20.31, V320.32, V70, 
V70.5, V70.6, V73 or ICD-10 codes: Z00.0, Z00.129, 
Z00.11, Z00.8, Z01.0, Z01.4, Z01.81, Z02.89, Z71.84, 
or Z13.3 and no other associated codes. These were all 
codes corresponding to well-child care (Supplement 1). 
The date range for this search within the medical record 
was 01/01/2000–06/01/2019.

Inclusion/exclusion criteria and groups
Three groups of patients were analyzed in this study: 
individuals with DS, individuals with ASD, and controls 
without either DS or ASD and no other chronic medi-
cal or neurodevelopmental condition. All patients had to 
be aged birth to 26 years and have at least one 25(OH)
D level recorded. Individuals with DS and/or ASD were 
excluded if they had a history of neoplasia, regardless 
of chemotherapy or radiation status. This was deter-
mined by reviewing co-occurring ICD-9 or ICD-10 codes 
listed in the medical record. Controls were age- and sex-
matched and were excluded if they had any ICD-9 or 
ICD-10 code outside of the ones listed for their screening 
within the medical record. Supplementation of vitamin 
D2 or D3 was not exclusionary for involvement in this 
cohort as supplementation status was unknown or unre-
ported in nearly all records.

Data extraction
The charts of all individuals with DS were manually 
reviewed. Vitamin D supplementation status and com-
pliance were not readily available or improperly docu-
mented in nearly all patients and thus were not utilized. 
Individuals with ASD and individuals in the control group 
had demographic and biometric data extracted, but other 
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information was not readily available. The month that 
the 25(OH)D level was obtained was recorded as well to 
assess for seasonal variation.

Vitamin D measures, multiple recordings, and definition 
of deficiency
Cholecalciferol (vitamin D3) and ergocalciferol (vita-
min D2) are both metabolized by the liver into 25(OH)
D which is measured in serum to determine a person’s 
vitamin D status. As 25(OH)D levels reflect dietary and 
ultraviolet sources of vitamin D, it is one of the most used 
measures of vitamin D status assessment.

For this study, the first 25(OH)D level recorded in the 
EMRs was used as it was felt to be the most reflective of a 
natural and non-supplemented state. This was significant 
as supplementation data was not available. All 25(OH)
D levels extracted were continuous variables between 0 
and 200 ng/mL. Levels of 25(OH)D below 30 ng/mL were 
considered deficient per American Academy of Pediatrics 
guidelines [17].

Statistical analysis
Descriptive statistics were produced for demographic and 
clinical presentations. Means and standard deviations 

were calculated for continuous variables and propor-
tions for categorical variables. Chi-squared analysis was 
performed to evaluate the differences between the sub-
groups. Multivariable linear regression models were 
applied to investigate the association between 25(OH)D 
levels with patient demographics, site of recruitment, and 
clinical characteristics. The adjusted mean difference in 
25(OH)D level per unit increase in a patient characteristic 
was estimated along with the corresponding 95% confi-
dence interval. A p nominal value of < 0.05 was consid-
ered statistically significant for each statistical test.

Results
In total, 37,607 individuals were identified as having at 
least one vitamin D 25-OH level obtained, including 1624 
with DS, 5208 with ASD, and 30,775 controls. In the neu-
rotypical control group, 94% (n = 28,928) of visits were 
coded as either Z00.129 (encounter for routine child 
health examination), Z00.8 (encounter for other gen-
eral examination), or Z00.0 (encounter for general adult 
medical examination). Demographic data is reported in 
Table 1. Overall, there were 18,920 (50.4%) male partici-
pants and 18,687 (49.6%) female participants with no sta-
tistically significant differences between groups (p = 0.14, 

Table 1  Demographic and vitamin D status in children with Down syndrome, autism spectrum disorder, and controls

Nat. Ameri Native American, CI Confidence interval, SD Standard deviation

Down syndrome  
(n = 1624)

Autism spectrum 
disorder (n = 5208)

Neurotypical controls  
(n = 30,775)

p value 95% CI

Age (mean, SD) 11.5 (4.73) 12.1 (5.57) 15.1 (4.02) 0.07 0.63–1.03

Sex

  Male 788 (48.5%) 2668 (51.2%) 15,464 (50.3%) 0.14 0.78–2.36

  Female 836 (51.5%) 2540 (48.8%) 15,311 (49.7%)

Race

  Caucasian 1353 (83.3%) 2145 (40.8%) 12,818 (41.7%) <0.001 2.97–9.64

  Asian 159 (9.8%) 381 (7.3%) 2022 (6.6%)

  Black 85 (5.23%) 135 (2.6%) 816 (2.65%)

  Nat. Amer 10 (0.62%) 0 (0%) 0 (0%)

  Other 14 (0.86%) 1549 (29.7%) 9262 (30.1%)

  Unknown 3 (0.18%) 1018 (19.5%) 5857 (19.3%)

Ethnicity

  Hispanic 959 (59.1%) 2174 (41.7%) 13,175 (42.8%) <0.001 1.37–5.21

  Not Hispanic 665 (40.9%) 1822 (34.9%) 10,640 (34.6%)

  Unknown 0 (0%) 1212 (23.3%) 6960 (22.6%)

Site of recruitment

  Boston, MA 534 (33%) 1691 (32%) 9813 (32%) 0.21 0.59–2.04

  Palo Alto, CA 489 (30%) 1927 (37%) 10,923 (36%)

  Los Angeles, CA 601 (37%) 1590 (31%) 10,019 (33%)

BMI (mean, SD) 23 (8.5) 19.33 (8.1) 19.3 (7.9) <0.001 −0.38 to −0.15

Vitamin D 25-OH (mean, SD) 20.67 (11) 23.48 (11.8) 29.20 (22) <0.001 −8.97 to −6.44

Vitamin D deficient (n, %) 399 (24.6%) 1472 (28.3%) 12,397 (40.3%) <0.001 −5.43 to −2.36
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95% CI: 0.78–2.36). The mean age across all three groups 
was 13.9 years (standard deviation ± 9.8 years). All three 
groups had a majority of Caucasian participants, nota-
bly making up a significantly larger percentage in the DS 
cohort (83.31%) than in the ASD group and the control 
group (40.8% and 41.7%, respectively) (p < 0.001, 95% CI: 
0.34–0.78). There were also more individuals with DS 
of Hispanic ethnicity (59.05%) than in the ASD and NT 
cohorts (41.8% and 42.8%, respectively) (p < 0.001, 95% 
CI: 0.33–0.88). Patient volume was consistent across the 
three sites with no statistically significant variance (p = 
0.21, 95% CI: 0.59–2.04).

Vitamin D status by study group is reported in Table 1 
and Fig.  1. Individuals with DS had the lowest mean 
level of 25(OH)D (20.67 ng/mL) compared to those with 
ASD (23.48 ng/mL) and NT controls (29.20 ng/mL) (p 
< 0.001, 95% CI: −8.97 to −6.44). A total of 399 (24.6%) 
individuals with DS were considered vitamin D deficient, 
compared to 1472 (28.3%) with ASD and 12,397 (40.3%) 
controls (p < 0.001, 95% CI: −5.43 to −2.36).

The impact of demographic and clinical characteristics 
on mean 25(OH)D levels in individuals with DS is pre-
sented in Table  2. Multivariate linear analysis revealed 
that older individuals had greater levels of vitamin D 
25-OH (0.18 ng/mL/year, p < 0.05, 95% CI: 0.04–0.32). 
Individuals with DS with higher BMI were found to 

have lower mean levels of 25(OH)D (−0.27 ng/mL/kg/
m2, p < 0.001, 95% CI: −0.3849 to −0.1509). Additionally, 
individuals with a neurologic diagnosis have decreased 
25(OH)D levels compared to those without neurologi-
cal disorders (−3.15 ng/mL, p < 0.001, 95% CI: −5.02 
to −1.28). Although not statistically significant, Native 
American individuals had higher mean 25(OH)D levels 
compared to Caucasians (2.81 ng/mL, 95% CI: −0.492–
10.55), whereas Asian, Black, and other races had lower 
mean levels than Caucasians (−0.17, −1.63, and −1.85 
ng/mL, respectively). Individuals with DS and autoim-
mune disease had lower 25(OH)D levels (−3.11 ng/mL, 
p < 0.001, 95% CI: −6.22 to −1.55). Similarly, a history of 
autoimmunity in a first-degree relative also is associated 
with lower levels of 25(OH)D in persons with DS (−1.83 
ng/mL, p = 0.01, 95% CI: −2.45 to −0.63). Hyperthyroid-
ism, obstructive sleep apnea, congenital heart disease, 
sex, Hispanic or non-Hispanic ethnicity, having both DS 
and ASD, and restricted dietary intake did not have a sta-
tistically significant association with 25(OH)D levels in 
individuals with DS.

Associations between demographics and 25(OH)D lev-
els in the cohort of individuals with ASD are presented in 
Table  3. Multivariate linear regression analysis identified 
that older individuals with ASD had lower mean 25(OH)
D levels (−0.19 ng/mL/year, p < 0.001, 95% CI: −0.26 to 

Fig. 1  Mean 25(OH)D level by group. Legend: Mean 25(OH)D levels across the three groups. The one-way ANOVA F-test value is presented 
along with the corresponding p values. The confidence intervals (bars) illustrate the range of potential values of the mean 25(OH)D levels and allow 
comparisons of mean levels between any two groups which are all statistically significantly different from one another
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−0.12). Individuals with a reported “unknown ethnicity” 
had higher mean levels of 25(OH)D than Hispanic ethnic-
ity (reference category) (2.69 ng/mL, p = 0.01, 95% CI: 0.93–
4.44). Race, BMI, and sex did not have a significant impact 
on mean 25(OH)D levels. Like the ASD cohort, controls  
had lower 25(OH)D levels at an older age (−0.39 ng/mL/year, 
p < 0.001, 95% CI: −0.45 to −0.33), as shown in Table 3.

Individuals with DS and ASD have lower variability in 
25(OH)D levels across the year than the individuals in 
the control group. The cohort with DS had a standard 

deviation of 12.39 ng/mL, and the cohort with ASD 
had a standard deviation of 11.96 ng/mL. The controls  
had more than twice the variability of DS and ASD at 
27.43 ng/mL. Figure  2 illustrates the 25(OH)D levels 
for all three cohorts from January to December. Over-
all, levels for all three groups remain steady with the 
group with DS slightly decreasing in levels in September 
(month 9) through December (month 12).

Across all groups, individuals of Hispanic ethnicity had 
lower mean 25(OH)D levels as compared to those with 

Table 2  Impact of demographic and clinical characteristics on vitamin D status in individuals with Down syndrome

RC Reference category, CI Confidence interval
*** p < 0.001, **p < 0.01, *p < 0.05

Adjusted mean difference (ng/mL) 95% CI

Age (years) 0.18 0.04–0.31*

Sex −0.04 −1.23–1.14

BMI (kg/m2) −0.27 −0.38 to −0.15***

Race
  Caucasian (RC) -- --

  Asian −0.17 −2.17–1.83

  Black −1.63 −4.33–1.06

  Native American 2.81 −4.92–10.55

  Other −1.85 −8.23–4.53

  Unknown 22.42 8.74–36.11**

Ethnicity
  Hispanic (RC) -- --

  Not Hispanic 0.32 −0.91–1.54

Autism spectrum disorder
  Present (RC) -- --

  Not present −0.09 −1.79–1.61

  Unknown 2.44 −2.31–7.19

Personal autoimmune disease −3.11 −6.22 to −1.55***

1st-degree family with autoimmune disease −1.83 −2.45 to −0.63**

Hypothyroidism
  Present (RC) -- --

  Not present 0.89 −0.96–2.74

  Unknown 1.04 −0.94–3.02

Obstructive sleep apnea
  Present (RC) -- --

  Not present 0.79 −0.96–2.74

  Unknown 0.73 −0.94–3.02

Congenital heart disease
  Present (RC) -- --

  Not present −0.18 −1.88–1.52

  Unknown 3.59 −20.23–27.42

Neurologic disease −3.15 −5.02 to −1.28***

Restricted dietary intake or failure to thrive
  Present (RC) -- --

  Not present −1.15 −3.11–0.80

  Unknown −1.16 −3.47–1.14
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non-Hispanic ethnicity (−2.16 ng/mL, p < .001, 95% CI: 
−2.68 to −1.64). Multivariate analysis of race did not 
have a statistically significant correlation with individual’s 
25(OH)D levels (p = 0.17 95% CI: −8.97–0.35).

Discussion
In this large, multi-center study of vitamin D sta-
tus, individuals with DS were observed to have lower 
25(OH)D levels in comparison to individuals with ASD 
and NT controls. This finding is consistent with previ-
ous, smaller studies and provides high-quality multi-
center data confirming these findings in a racially and 

neurodevelopmentally diverse cohort [5, 7, 18–21]. To 
our knowledge, this is the largest study of vitamin D 
status in individuals with DS. In addition, findings are 
strengthened by the utilization of data from sites in three 
unique geographical locations in the USA.

We found a statistically significant association between 
low vitamin D and the presence of autoimmune dis-
ease. In our DS cohort, both personal and family history 
of autoimmune disorder were highly associated with 
lower levels of vitamin D. Multiple prior studies have 
linked autoimmune disorders in individuals with DS and 
hypovitaminosis D [6, 22–26]. As vitamin D plays an 

Table 3  Adjusted mean 25(OH)D level difference in children with ASD and neither ASD nor DS

CI Confidence interval, Nat. Amer Native American, RC Reference category
*** p < 0.001, **p < 0.01, *p < 0.05

Adjusted mean difference on 25(OH)D level (95% CI) 
ASD cohort (ng/mL)

Adjusted mean difference on 25(OH)D level 
(95% CI) neurotypical control (ng/mL)

Age (years) −0.19 (−0.26–0.12)*** −0.39 (−0.45 to −0.33)***

BMI (kg/m2) 0.004 (−0.006–0.014) −0.003 (−0.02–0.01)

Sex 0.23 (−0.51–0.98) −0.56 (−1.21–0.08)

Race
Caucasian (RC) -- --

Asian 0.44 (−2.0–1.12) −1.82 (−3.31 to −0.33)*

Black 1.41 (−0.94–3.75) 0.79 (−1.24–2.82)

Nat. Amer. −1.97 (−25.46–21.52) -

Other −0.21 (−1.14–0.72) −0.01 (−0.79–0.77)

Unknown −0.37 (−2.24–1.49) −0.30 (−1.87–1.27)

Ethnicity
Hispanic (RC) -- --

Not Hispanic 0.60 (−0.32–1.52) 2.10 (1.29–2.91)***

Unknown 2.69 (0.93–4.44)** 0.36 (−1.10–1.82)

Fig. 2  Temporal trends in 25(OH)D status
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immunoregulatory role, deficiency may lead to the devel-
opment of autoimmunity, although this study was not 
designed or powered to assess causality [27–31]. How-
ever, the higher rates of hypovitaminosis D in individu-
als with DS and autoimmune disorders could provide a 
potential therapeutic target for this population to either 
prevent or adjunctly treat autoimmune disorders. Vita-
min D is crucial for immune regulation as its receptors 
are expressed in various immune cells, including T-cells 
and dendritic cells [32–35]. Vitamin D assists in modulat-
ing T-cell proliferation and promoting anti-inflammatory 
responses in the brain [36, 37]. As a result, hypovita-
minosis D has been causally linked to a wide variety of 
autoimmune diseases, some of which have neurologic 
involvement, as well such as multiple sclerosis [38, 39]. 
This is particularly important given the dual association 
of high rates of hypovitaminosis D and autoimmunity in 
persons with DS, although the exact mechanism of this 
relationship remains unknown [3, 40, 41]. An exciting 
next step from this study would be to prospectively assess 
rates of development of autoimmune diseases in indi-
viduals with DS who use vitamin D supplementation and 
those who do not.

Interestingly, race and ethnicity did not significantly 
impact 25(OH)D levels in this study, in contrast with 
prior findings of higher rates of hypovitaminosis D in 
Black and Asian individuals and those of Hispanic eth-
nicity [42–44]. In our study, Hispanic ethnicity was asso-
ciated with higher 25(OH)D levels in the control group, 
although this may be secondary to the fact that a major-
ity of Hispanic participants in the study resided in more 
temperate climates; since the main source of vitamin D is 
skin exposure to UVB radiation from the sun, study site 
location likely explains these observations [36].

Among individuals with DS, older age was associ-
ated with higher levels of vitamin D. This association 
was opposite that of individuals with ASD and NT con-
trols, where older age was associated with lower levels 
of 25(OH)D. Persons with DS experience developmental 
milestone delays, which may result in decreased outdoor 
activity at younger ages, reducing natural vitamin D pro-
duction from skin exposure to UVB radiation from the 
sun. Sex did not have a statistically significant impact on 
25(OH)D levels in individuals with ASD, DS, or NT con-
trols. Although sex-based differences in vitamin D have 
been observed in prior studies with conflicting results, 
such differences may not be present in our cohort due to 
the high number of pre-pubescent individuals evaluated 
(median age: 13) [42, 45].

Various clinical factors may account for the observed 
differences in 25(OH)D levels within our cohort with 
DS. Higher BMI is more common in individuals with DS 
[46, 47], as was found in our study and was associated 

with lower levels of 25(OH)D among individuals with 
DS. Higher BMI is associated with increased body fat, 
which can also sequester vitamin D, which may provide 
an explanation for this finding [48, 49]. In our study, 
restricted dietary intake did not impact 25(OH)D levels 
in persons with DS, although this was an a priori con-
cern given reports of restricted eating and textural sen-
sitivity in this population [50–52]. This would have been 
a similar concern in individuals with ASD, but this was 
not frequently reported in the clinical documentation 
for this population. A consideration for why this was 
not observed is that this population may be more likely 
to receive nutritional supplementation although this was 
not assessed in this study.

Individuals with both DS and ASD have been shown 
to have lower 25(OH)D levels compared to NT controls 
in previous research studying ASD or DS alone [5, 7, 
18–21], but the findings we present show mean 25(OH)
D levels in persons with DS are lower than those with 
ASD. Deficiency in 25(OH)D can potentially hinder 
typical neural proliferation processes and could poten-
tially impact long-term developmental outcomes [36]. 
However, supplementation of vitamin D in individuals 
with ASD has inconsistently yielded any health or cogni-
tive benefits [16, 53–56]. The genotypic and phenotypic 
heterogeneity in the ASD population, the age at which 
vitamin D deficiency is identified, as well as timing of 
supplementation may all contribute to the variability in 
reports of therapeutic benefit to vitamin D replacement 
for individuals with ASD. This may yield some variability 
in reports of therapeutic benefit although the timing of 
supplementation and age at identification are also likely 
to be modifiers in this condition.

An area of future investigation will be to determine if 
DS itself (specifically trisomy of chromosome 21) may 
have some role in the etiology of this lower 25(OH)D 
level. Emerging evidence may place interferon drive 
dysregulation as a possible modifying mechanism for 
vitamin D homeostasis, although this has not been 
directly studied [57–59]. In addition, further inves-
tigation will need to address factors such as baseline 
physical activity, mobility, median time outdoors, and 
likelihood of nutritional supplementation, all of which 
could impact the prevalence of hypovitaminosis D in 
this population [60, 61].

This study is not without limitations. This study is ret-
rospective in nature and limited clinical data or ration-
ale for 25(OH)D testing was ascertained from existing 
records. As such, there are many unknowns regarding the 
individual participants, including supplementation sta-
tus amount of exposure to UVB radiation, exercise, and 
dietary habits, all of which affect 25(OH)D levels. While 
these are significant limitations, the large, multi-center, 
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multi-year cohort design of this study strengthens the-
matic trends noted with regard to hypovitaminosis D in 
these populations. As the three primary centers involved 
in this study were tertiary academic medical centers with 
DS programs, there is likely to be severity bias within the 
cohorts as they do not represent classic community sam-
pling. This would presumably lead to a higher likelihood 
of reporting hypovitaminosis D in all groups. Despite 
the statistically significant finding of hypovitaminosis 
D in individuals with both DS and ASD, lower levels of 
25(OH)D did not correlate with increased incidence of 
vitamin D deficiency, with NT controls experiencing the 
highest incidence of vitamin D deficiency, followed by 
individuals with ASD, then persons with DS. This may be 
an artifact of the spread of the data, in which the inter-
quartile range of our DS cohort was substantially lower 
than both the ASD and control cohorts.

In summary, individuals with DS were noted to have 
hypovitaminosis D in comparison to individuals with 
ASD and NT controls. In individuals with DS, hypo-
vitaminosis D was also correlated with the presence of 
auto-immune disease. These findings warrant further 
investigations into the etiology of vitamin D deficiency in 
individuals with DS, and into the impact of supplementa-
tion, particularly as it pertains to the prevention of auto-
immune disease across the lifespan.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s11689-​023-​09503-y.

Additional file 1: Supplement 1. ICD-9 and ICD-10 codes for neurotypi-
cal controls.

Acknowledgements
The authors wish to acknowledge the multi-disciplinary Down Syndrome 
Program at Massachusetts General Hospital and Dr. Brian G. Skotko for their 
support of this project and contribution of data.

Authors’ contributions
Dr. Santoro designed the study, extracted data, performed data analysis, and 
wrote and edited the manuscript. Ms. Boyd, Ms. Nguyen, Dr. Khoshnood, Dr. 
Jiang, Ms. Nguyen, and Ms. Mendez extracted data, reviewed the analysis, and 
wrote and edited the manuscript. Drs. Spinazzi, Manning, and Rafii reviewed 
the data analysis and edited the manuscript for intellectual content.

Funding
This study did not have funding.

Declarations

Ethics approval and consent to participate
This study was IRB-approved at each study site.

Consent for publication
All data collected was anonymous and thus consent and assent were waived 
for participation.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Neurology, Children’s Hospital Los Angeles, 4650 Sunset Blvd, 
MS82, Los Angeles, CA 90027, USA. 2 Princeton University, Princeton, NJ, USA. 
3 Department of Pediatrics, Benioff Children’s Hospital, University of California 
San Francisco, Oakland, CA, USA. 4 Department of Genetics, Stanford University 
School of Medicine, Palo Alto, CA, USA. 5 Department of Neurology, Keck 
School of Medicine of the University of Southern California, Los Angeles, 
CA, USA. 6 Alzheimer’s Therapeutic Research Institute, University of Southern 
California, San Diego, CA, USA. 

Received: 29 March 2023   Accepted: 9 October 2023

References
	1.	 de Graaf G, Buckley F, Skotko BG. Estimates of the live births, natural 

losses, and elective terminations with Down syndrome in the United 
States. Am J Med Genet A. 2015;167a(4):756–67.

	2.	 de Graaf G, Buckley F, Skotko BG. Live births, natural losses, and elec-
tive terminations with Down syndrome in Massachusetts. Genet Med. 
2016;18(5):459–66.

	3.	 Chicoine B, Rivelli A, Fitzpatrick V, Chicoine L, Jia G, Rzhetsky A. Prevalence 
of common disease conditions in a large cohort of individuals with Down 
syndrome in the United States. J Patient Cent Res Rev. 2021;8(2):86–97.

	4.	 Startin CM, D’Souza H, Ball G, Hamburg S, Hithersay R, Hughes KMO, et al. 
Health comorbidities and cognitive abilities across the lifespan in Down 
syndrome. J Neurodev Disord. 2020;12(1):4.

	5.	 Stagi S, Lapi E, Romano S, Bargiacchi S, Brambilla A, Giglio S, et al. 
Determinants of vitamin D levels in children and adolescents with Down 
syndrome. Int J Endocrinol. 2015;2015:896758.

	6.	 Real de Asua D, Quero M, Moldenhauer F, Suarez C. Clinical profile and 
main comorbidities of Spanish adults with Down syndrome. Eur J Intern 
Med. 2015;26(6):385–91.

	7.	 Zubillaga P, Garrido A, Mugica I, Ansa J, Zabalza R, Emparanza JI. Effect of 
vitamin D and calcium supplementation on bone turnover in institution-
alized adults with Down’s syndrome. Eur J Clin Nutr. 2006;60(5):605–9.

	8.	 Nodehi M, Ajami A, Izad M, Asgarian Omran H, Chahardoli R, Amouzegar 
A, et al. Effects of vitamin D supplements on frequency of CD4(+) T-cell 
subsets in women with Hashimoto’s thyroiditis: a double-blind placebo-
controlled study. Eur J Clin Nutr. 2019;73(9):1236–43.

	9.	 Zhao R, Zhang W, Ma C, Zhao Y, Xiong R, Wang H, et al. Immunomodula-
tory function of vitamin D and its role in autoimmune thyroid disease. 
Front Immunol. 2021;12:574967.

	10.	 Ashtari F, Toghianifar N, Zarkesh-Esfahani SH, Mansourian M. Short-term 
effect of high-dose vitamin D on the level of interleukin 10 in patients 
with multiple sclerosis: a randomized, double-blind, placebo-controlled 
clinical trial. Neuroimmunomodulation. 2015;22(6):400–4.

	11.	 Hahn J, Cook NR, Alexander EK, Friedman S, Walter J, Bubes V, et al. 
Vitamin D and marine omega 3 fatty acid supplementation and 
incident autoimmune disease: VITAL randomized controlled trial. BMJ. 
2022;376:e066452.

	12.	 Altun H, Kurutaş EB, Şahin N, Güngör O, Fındıklı E. The levels of vitamin D, vita-
min D receptor, homocysteine and complex B vitamin in children with autism 
spectrum disorders. Clin Psychopharmacol Neurosci. 2018;16(4):383–90.

	13.	 Molloy CA, Kalkwarf HJ, Manning-Courtney P, Mills JL, Hediger ML. Plasma 
25(OH)D concentration in children with autism spectrum disorder. Dev 
Med Child Neurol. 2010;52(10):969–71.

	14.	 Esnafoglu E, Subaşı B. Association of low 25-OH-vitamin D levels 
and peripheral inflammatory markers in patients with autism spec-
trum disorder: vitamin D and inflammation in autism. Psychiatry Res. 
2022;316:114735.

	15.	 Zhang M, Wu Y, Lu Z, Song M, Huang X, Mi L, et al. Effects of vitamin D supple-
mentation on children with autism spectrum disorder: a systematic review 
and meta-analysis. Clin Psychopharmacol Neurosci. 2023;21(2):240–51.

https://doi.org/10.1186/s11689-023-09503-y
https://doi.org/10.1186/s11689-023-09503-y


Page 9 of 10Boyd et al. Journal of Neurodevelopmental Disorders           (2023) 15:35 	

	16.	 Li B, Xu Y, Zhang X, Zhang L, Wu Y, Wang X, et al. The effect of vitamin D 
supplementation in treatment of children with autism spectrum disorder: 
a systematic review and meta-analysis of randomized controlled trials. Nutr 
Neurosci. 2022;25(4):835–45.

	17.	 Wagner CL, Greer FR. Prevention of rickets and vitamin D deficiency in 
infants, children, and adolescents. Pediatrics. 2008;122(5):1142–52.

	18.	 Petruzzelli MG, Marzulli L, Margari F, De Giacomo A, Gabellone A, Giannico 
OV, et al. Vitamin D deficiency in autism spectrum disorder: a cross-sectional 
study. Dis Markers. 2020;2020:9292560.

	19.	 Şengenç E, Kıykım E, Saltik S. Vitamin D levels in children and adolescents 
with autism. J Int Med Res. 2020;48(7):300060520934638.

	20.	 Arastoo AA, Khojastehkia H, Rahimi Z, Khafaie MA, Hosseini SA, Mansouri 
MT, et al. Evaluation of serum 25-hydroxy vitamin D levels in children with 
autism spectrum disorder. Ital J Pediatr. 2018;44(1):150.

	21.	 Corder JP, Al Ahbabi FJS, Al Dhaheri HS, Chedid F. Demograph-
ics and co-occurring conditions in a clinic-based cohort with 
Down syndrome in the United Arab Emirates. Am J Med Genet A. 
2017;173(9):2395–407.

	22.	 Santoro JD, Partridge R, Tanna R, Pagarkar D, Khoshnood M, Rehmani M, 
et al. Evidence of neuroinflammation and immunotherapy responsiveness 
in individuals with Down syndrome regression disorder. J Neurodev Disord. 
2022;14(1):35.

	23.	 Santoro SL, Baumer NT, Cornacchia M, Franklin C, Hart SJ, Haugen K, 
et al. Unexplained regression in Down syndrome: management of 
51 patients in an international patient database. Am J Med Genet A. 
2022;188(10):3049–62.

	24.	 Santoro SL, Cannon S, Capone G, Franklin C, Hart SJ, Hobensack V, et al. 
Unexplained regression in Down syndrome: 35 cases from an international 
Down syndrome database. Genet Med. 2020;22(4):767–76.

	25.	 Santoro JD, Lee S, Wang AC, Ho E, Nagesh D, Khoshnood M, et al. Increased 
autoimmunity in individuals with Down syndrome and moyamoya disease. 
Front Neurol. 2021;12:724969.

	26.	 Goksin S. Retrospective evaluation of clinical profile and comorbidities in 
patients with alopecia areata. North Clin Istanb. 2022;9(5):451–8.

	27.	 Sassi F, Tamone C, D’Amelio P. Vitamin D: nutrient, hormone, and immu-
nomodulator. Nutrients. 2018;10(11):1656. https://​pubmed.​ncbi.​nlm.​nih.​
gov/​30400​332/

	28.	 Vanherwegen AS, Gysemans C, Mathieu C. Regulation of immune function 
by vitamin D and its use in diseases of immunity. Endocrinol Metab Clin 
North Am. 2017;46(4):1061–94.

	29.	 Prietl B, Treiber G, Mader JK, Hoeller E, Wolf M, Pilz S, et al. High-dose chole-
calciferol supplementation significantly increases peripheral CD4+ Tregs in 
healthy adults without negatively affecting the frequency of other immune 
cells. Eur J Nutr. 2014;53(3):751–9.

	30.	 Bock G, Prietl B, Mader JK, Höller E, Wolf M, Pilz S, et al. The effect of vitamin 
D supplementation on peripheral regulatory T cells and β cell function in 
healthy humans: a randomized controlled trial. Diabetes Metab Res Rev. 
2011;27(8):942–5.

	31.	 Treiber G, Prietl B, Fröhlich-Reiterer E, Lechner E, Ribitsch A, Fritsch M, et al. 
Cholecalciferol supplementation improves suppressive capacity of regula-
tory T-cells in young patients with new-onset type 1 diabetes mellitus - a 
randomized clinical trial. Clin Immunol. 2015;161(2):217–24.

	32.	 Cao B, Wen T, Wei M, Xiong Y, Liu W, Zhu L, et al. Transcriptomic analy-
sis reveal the responses of dendritic cells to VDBP. Genes Genomics. 
2022;44(10):1271–82.

	33.	 Navarro-Barriuso J, Mansilla MJ, Quirant-Sánchez B, Teniente-Serra 
A, Ramo-Tello C, Martínez-Cáceres EM. Vitamin D3-induced tolero-
genic dendritic cells modulate the transcriptomic profile of T CD4(+) 
cells towards a functional hyporesponsiveness. Front Immunol. 
2020;11:599623.

	34.	 Bernicke B, Engelbogen N, Klein K, Franzenburg J, Borzikowsky C, Peters C, 
et al. Analysis of the seasonal fluctuation of γδ T cells and its potential rela-
tion with vitamin D(3). Cells. 2022;11(9).

	35.	 Sheikh V, Kasapoglu P, Zamani A, Basiri Z, Tahamoli-Roudsari A, Alahgholi-
Hajibehzad M. Vitamin D3 inhibits the proliferation of T helper cells, down-
regulate CD4(+) T cell cytokines and upregulate inhibitory markers. Hum 
Immunol. 2018;79(6):439–45.

	36.	 Siracusano M, Riccioni A, Abate R, Benvenuto A, Curatolo P, Mazzone L. 
Vitamin D deficiency and autism spectrum disorder. Curr Pharm Des. 
2020;26(21):2460–74.

	37.	 Galoppin M, Kari S, Soldati S, Pal A, Rival M, Engelhardt B, et al. Full spectrum 
of vitamin D immunomodulation in multiple sclerosis: mechanisms and 
therapeutic implications. Brain Commun. 2022;4(4):fcac171.

	38.	 Antico A, Tampoia M, Tozzoli R, Bizzaro N. Can supplementation 
with vitamin D reduce the risk or modify the course of autoimmune 
diseases? A systematic review of the literature. Autoimmun Rev. 
2012;12(2):127–36.

	39.	 Agmon-Levin N, Theodor E, Segal RM, Shoenfeld Y. Vitamin D in systemic 
and organ-specific autoimmune diseases. Clin Rev Allergy Immunol. 
2013;45(2):256–66.

	40.	 Spinazzi NA, Santoro JD, Pawlowski K, Anzueto G, Howe YJ, Patel LR, et al. 
Co-occurring conditions in children with Down syndrome and autism: a 
retrospective study. J Neurodev Disord. 2023;15(1):9.

	41.	 Ferrari M, Stagi S. Autoimmunity and genetic syndromes: a focus on Down 
syndrome. Genes (Basel). 2021;12(2).

	42.	 Taksler GB, Cutler DM, Giovannucci E, Keating NL. Vitamin D deficiency in 
minority populations. Public Health Nutr. 2015;18(3):379–91.

	43.	 Kumaratne M, Early G, Cisneros J. Vitamin D deficiency and association with 
body mass index and lipid levels in Hispanic American adolescents. Glob 
Pediatr Health. 2017;4:2333794x17744141.

	44.	 Talib HJ, Ponnapakkam T, Gensure R, Cohen HW, Coupey SM. Treatment of 
vitamin D deficiency in predominantly Hispanic and Black adolescents: a 
randomized clinical trial. J Pediatr. 2016;170:266-72.e1.

	45.	 Muscogiuri G, Barrea L, Somma CD, Laudisio D, Salzano C, Pugliese G, et al. 
Sex differences of vitamin D status across BMI classes: an observational 
prospective cohort study. Nutrients. 2019;11(12).

	46.	 Oreskovic NM, Baumer NT, Di Camillo C, Cornachia M, Franklin C, 
Hart SJ, et al. Cardiometabolic profiles in children and adults with 
overweight and obesity and Down syndrome. Am J Med Genet A. 
2023;191(3):813–22.

	47.	 Bandini LG, Fleming RK, Scampini R, Gleason J, Must A. Is body 
mass index a useful measure of excess body fatness in adolescents 
and young adults with Down syndrome? J Intellect Disabil Res. 
2013;57(11):1050–7.

	48.	 De Pergola G, Martino T, Zupo R, Caccavo D, Pecorella C, Paradiso S, et al. 
25 Hydroxyvitamin D levels are negatively and independently associated 
with fat mass in a cohort of healthy overweight and obese subjects. Endocr 
Metab Immune Disord Drug Targets. 2019;19(6):838–44.

	49.	 Heller JE, Thomas JJ, Hollis BW, Larson-Meyer DE. Relation between vitamin 
D status and body composition in collegiate athletes. Int J Sport Nutr Exerc 
Metab. 2015;25(2):128–35.

	50.	 Ross CF, Bernhard CB, Smith-Simpson S. Parent-reported ease of eating 
foods of different textures in young children with Down syndrome. J Texture 
Stud. 2019;50(5):426–33.

	51.	 Serel Arslan S. Swallowing related problems of toddlers with Down syn-
drome. J Dev Phys Disabil. 2022:1–11. https://​pubmed.​ncbi.​nlm.​nih.​gov/​
36118​664/.

	52.	 Ross CF, Bernhard CB, Surette V, Hasted A, Wakeling I, Smith-Simpson S. Eat-
ing behaviors in children with Down syndrome: results of a home-use test. J 
Texture Stud. 2022;53(5):629–46.

	53.	 Song L, Luo X, Jiang Q, Chen Z, Zhou L, Wang D, et al. Vitamin D supple-
mentation is beneficial for children with autism spectrum disorder: a meta-
analysis. Clin Psychopharmacol Neurosci. 2020;18(2):203–13.

	54.	 Feng J, Shan L, Du L, Wang B, Li H, Wang W, et al. Clinical improvement 
following vitamin D3 supplementation in autism spectrum disorder. Nutr 
Neurosci. 2017;20(5):284–90.

	55.	 Saad K, Abdel-Rahman AA, Elserogy YM, Al-Atram AA, Cannell JJ, Bjørklund 
G, et al. Vitamin D status in autism spectrum disorders and the effi-
cacy of vitamin D supplementation in autistic children. Nutr Neurosci. 
2016;19(8):346–51.

	56.	 Kerley CP, Power C, Gallagher L, Coghlan D. Lack of effect of vitamin D(3) 
supplementation in autism: a 20-week, placebo-controlled RCT. Arch Dis 
Child. 2017;102(11):1030–6.

	57.	 Sullivan KD, Evans D, Pandey A, Hraha TH, Smith KP, Markham N, et al. 
Trisomy 21 causes changes in the circulating proteome indicative of chronic 
autoinflammation. Sci Rep. 2017;7(1):14818.

	58.	 Hisbiyah Y, Endaryanto A, Setyoboedi B, Rochmah N, Faizi M. The correla-
tion between vitamin D and levels of IFN-γ, NF-κB, thyroid antibod-
ies in Down syndrome: study in Indonesian children. Acta Biomed. 
2022;93(6):e2022342.

https://pubmed.ncbi.nlm.nih.gov/30400332/
https://pubmed.ncbi.nlm.nih.gov/30400332/
https://pubmed.ncbi.nlm.nih.gov/36118664/
https://pubmed.ncbi.nlm.nih.gov/36118664/


Page 10 of 10Boyd et al. Journal of Neurodevelopmental Disorders           (2023) 15:35 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	59.	 Ragab D, Soliman D, Samaha D, Yassin A. Vitamin D status and its modula-
tory effect on interferon gamma and interleukin-10 production by 
peripheral blood mononuclear cells in culture. Cytokine. 2016;85:5–10.

	60.	 Izquierdo-Gomez R, Martínez-Gómez D, Acha A, Veiga OL, Villagra A, Diaz-
Cueto M. Objective assessment of sedentary time and physical activity 
throughout the week in adolescents with Down syndrome The UP&DOWN 
study. Res Dev Disabil. 2014;35(2):482–9.

	61.	 Esposito PE, MacDonald M, Hornyak JE, Ulrich DA. Physical activity patterns 
of youth with Down syndrome. Intellect Dev Disabil. 2012;50(2):109–19.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Hypovitaminosis D in persons with Down syndrome and autism spectrum disorder
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Approvals and study setting
	Data availability
	Patient identification
	Inclusionexclusion criteria and groups
	Data extraction
	Vitamin D measures, multiple recordings, and definition of deficiency
	Statistical analysis

	Results
	Discussion
	Anchor 18
	Acknowledgements
	References


