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Vitamin D as a biomarker of health in snoring children:
a familial aggregation study
Antonia Barceló1,2,3, Daniel Morell-Garcia1,2, Caterina Ribot2, Mónica De la Peña2,3,4, José Antonio Peña-Zarza2,5,
Alberto Alonso-Fernández2,3,4, Paloma Giménez2 and Javier Piérola2

BACKGROUND: Hypovitaminosis D is a common health problem. The purpose of this study was to investigate the inter-relationship
between serum 25(OH)D levels and paternal and maternal vitamin D status in a sample of snoring children.
METHODS: We selected 137 participants for whom serum 25(OH)D had been measured and underwent overnight
polysomnography evaluation. Serum glucose, lipids, liver enzymes, parathyroid hormone, insulin, and glycated hemoglobin
were also measured. Glucose and insulin levels were used to estimate insulin resistance with the homeostasis model assessment
(HOMA-IR).
RESULTS: Vitamin D insufficiency (<30 ng/mL) and deficiency (<20 ng/mL) were found in 40.9 and 17.5% of children, respectively.
After adjustments for age, BMI z-score and seasonality, the odds ratio for risk of vitamin D insufficiency according to the vitamin D
status of parents were: OR (95% CI): paternal insufficiency 15.1 (2.7–35.7), p= 0.002; maternal insufficiency 7.2 (2.4–22), p= 0.001.
When children with vitamin D deficiency were analyzed separately, serum 25(OH)D concentration was found to be associated with
the apnea–hypopnea index (r=−0.647, p= 0.009) and respiratory arousal index (r=−0.669, p= 0.034).
CONCLUSIONS: Family patterns of vitamin D could be helpful for the early identification of children at risk of metabolic and/or
sleep disturbances and when considering strategies to improve vitamin D status.
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IMPACT:

● Family patterns of vitamin D could be helpful for the early identification of snoring children at risk of metabolic and/or sleep
disturbances.

● Significant associations were found between serum 25-hydroxyvitamin D (25(OH)D) concentrations in children and their
parents.

● An inverse association between 25(OH)D levels and OSA severity was detected in deficient vitamin D children.
● Children with insufficient and deficient vitamin D status tended to have a worse metabolic profile, so strategies are needed to

improve vitamin D status.

INTRODUCTION
The vitamin D endocrine system regulates a very large number of
genes in many cells and tissues not related to calcium home-
ostasis, and increasing evidence is accumulating that this vitamin
also has important extra-skeletal effects.1 Vitamin D is essential for
an appropriately responsive immune system, and low 25-
hydroxyvitamin D (25(OH)D) levels increase the risk of diabetes,
cancer, and cardiovascular diseases.2–4 Additionally, vitamin D has
been suggested to play a potential role in brain development and
sleep–wake cycle modulation.3

Hypovitaminosis D in childhood is a re-emerging public health
problem in the developed countries.4,5 There is evidence for the
role of obesity as a risk factor for vitamin D insufficiency.
Furthermore, previous studies conducted with children suggested
a relationship between low levels of 25(OH)D and a range of

medical conditions, including an increased risk of metabolic
complications and sleep disturbances.6,7

Lifestyle habits and genetic determinants, in a variable
combination, affect vitamin D status and the risk of hypovitami-
nosis D in children.4 In this context, it has been suggested that the
vitamin D status of family members may be correlated, due to
shared genetics and environmental factors.8,9

The identification of vitamin D status as a multidimensional
biomarker of health among the pediatric population could
contribute to the establishment of early nutritional and ther-
apeutic strategies. The aim of the present study was to investigate
the inter-relationship between serum 25(OH)D levels and (1)
metabolic profiles, (2) sleep parameters, and (3) paternal and
maternal vitamin D status in a sample of snoring children referred
to a sleep unit.
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METHODS
This study was conducted from January 2015 to December 2018
as part of the Familial Longitudinal Obstructive Sleep Apnea study.
For the present investigation, we selected children aged from 3

to 14 years and their parents for whom serum 25(OH)D had been
measured.
Children with a chronic disease (except for asthma or well-

controlled rhinitis) and genetic syndromes, as well as those under
medications potentially affecting sleep or vitamin D metabolism
or who were using vitamin D supplements, were excluded, along
with patients with missing data. Parents signed the informed
consent, completed a demographic and medical questionnaire for
their child, and were invited to participate in the study. In
adulthood, exclusion criteria were the presence of chronic disease,
taking medications that would affect sleep or nocturnal respira-
tion, or using vitamin D supplements. The study was evaluated
and approved by the Ethics Committee of our institution (IB 2136/
13).
Parents completed a demographic questionnaire for their child,

which included age, sex, and ethnicity. Anthropometric data were
recorded for each participant: height and weight were measured
and body mass index (BMI) was calculated. Children’s BMI z-score
was calculated using sex-specific growth references.10

Sleep study
All children underwent overnight polysomnography evaluation
(Grael, Compumedics, Abbotsford, Australia) at the multidisciplin-
ary Sleep Unit in our hospital, following the American Academy of
Sleep Medicine guidelines. Up to six encephalogram channels
were studied, as well as chin and anterior tibial electromyogram,
bilateral electro-oculogram, heart rate by electrocardiogram,
airflow monitoring by nasal pressure transducer and oronasal
thermistor, and chest and abdominal wall movement by
respiratory inductance plethysmography. Transcutaneous mea-
surement of arterial oxygen saturation was performed by pulse
oximetry. All sleep studies were analyzed by the same two experts,
according to pediatric-age validated criteria. Apnea was defined as
a decrease in nasal flow ≥90% in at least two respiratory cycles.
Hypopnea was defined as a decrease ≥30% followed by an arousal
in electroencephalogram or oxygen desaturation >3%. The
apnea–hypopnea index (AHI) was calculated by adding the
number of apneas and hypopneas, divided by hours of sleep.
An AHI ≥1 was classified as obstructive sleep apnea (OSA).11,12

Metabolic measurements
A fasting blood sample was collected from each family member.
Serum levels of glucose, lipids (triglycerides, total cholesterol,

and high-density lipoprotein cholesterol (HDL)) and liver enzymes
(gamma glutamyl transferase (GGT), alanine transaminase (ALT),
and aspartate transaminase (AST)) were measured using the
Architect c16000 platform (Abbott Diagnostics, Lake Forest, IL).
The intra- and inter-assay coefficients of variation (CVs) were:
glucose, 1.2 and 1.6%; triglycerides, 1 and 1.3%; total cholesterol,
0.8 and 1.2%; HDL, 1.4 and 2%; GGT, 1.5 and 1.6%, ALT, 3.1 and
3.3%; and AST, 2.2 and 2.4%, respectively. Low-density lipoprotein
cholesterol was calculated using the Friedewald equation. Serum
parathyroid hormone (PTH) and insulin levels were measured by
electro-chemiluminescence on the Cobas e411 platform (Roche
Diagnostics, Germany). The intra- and inter-assay CVs were: PTH,
1.8 and 3%; insulin, 2.2 and 4.1%, respectively. Glucose and insulin
levels were used to estimate insulin resistance with the home-
ostasis model assessment (HOMA-IR).13

25(OH)D levels were measured by the Architect chemilumines-
cence immunoassay (Abbott Diagnostics, Lake Forest, IL) with an
intra- and inter-assay CVs of 3.2 and 4.6 %, respectively.
Serum vitamin D status was categorized as follows according to the

Endocrine Society definition: deficiency (serum 25(OH)D <20 ng/mL);

insufficiency (serum 25(OH)D between 20 and 29 ng/mL), and
sufficiency (serum 25(OH)D ≥30 ng/mL).14

The date of the 25(OH)D measurement served to classify
seasonality: winter, December 21 to March 21; spring, March 21 to
June 21; summer, June 21 to September 21; fall, September 21 to
December 21.

Statistical analysis
A descriptive analysis was performed by calculating absolute and
relative frequencies for qualitative variables. Mean and standard
deviation or median and interquartile range were used for the
quantitative parameters. Variable normality was assessed using
Kolmogorov–Smirnov test. For mean comparison, variables that
were normally distributed were compared between the three
groups using analysis of variance. A Student’s t test was used
when appropriate. Otherwise, non-parametric tests were applied.
Chi-squared analyses were used to compare categorical variables.
Spearman’s correlation analyses were conducted to examine
potential associations between serum concentrations of 25(OH)D
and anthropometric data, metabolic profiles, and sleep para-
meters. Correlations of serum concentrations of 25(OH)D
were estimated between mothers and children, between fathers
and children, and between mothers and fathers. Multivariate
regression models were used to assess significant associations
in bivariate analysis adjusting for age, sex, BMI z-score, and
seasonality. A p value <0.05 was considered statistically
significant. All data were processed and analyzed using SPSS v.
20.0 (IBM, NY).

RESULTS
Serum 25(OH)D was measured in a total of 137 Caucasian families
(children and their parents). Table 1 illustrates the distribution of
the children’s characteristics according to vitamin D status.
Vitamin D insufficiency and deficiency were found in 40.9 and
17.5% of study subjects, respectively. There were no significant
differences in age, sex, BMI, or BMI z-score between groups.
Compared with 25(OH)D sufficient children, those with 25(OH)D
deficiency showed significantly higher insulin, HOMA-IR, GGT, and
PTH levels. In addition, arousal index and triglyceride levels in the
deficient group were significantly higher than in the insufficient
group.
Table 2 provides the paternal and maternal characteristics

among the children studied. The prevalence of vitamin D
insufficiency varied significantly by vitamin D status of children
and was greater in parents whose children had vitamin D
insufficiency: overall in 64.9% of fathers and 63.2% of mothers.
A significant association was found between serum 25(OH)D levels
in parents and in their children (Fig. 1).
The lowest levels of 25(OH)D were observed during the winter

months: children (winter: 24 ± 6 ng/mL, spring: 28 ± 9 ng/mL,
summer: 35 ± 12 ng/mL, autumn: 29 ± 8 ng/mL, p= 0.003); parents
(winter: 23 ± 6 ng/mL, spring: 27 ± 6, summer: 30 ± 10 ng/mL,
autumn: 25 ± 9 ng/mL, p= 0.03). The odds ratios for the presence
of vitamin D insufficiency in children according to parental vitamin
D status are presented in Table 3. In addition, a positive
association was observed between fathers and mothers (r=
0.402, p= 0.02). Table 4 summarizes the bivariate associations of
25(OH)D with anthropometric data, metabolic profiles, and sleep
parameters. An inverse correlation was observed between 25(OH)
D levels and HOMA index and GGT levels in the total sample of
children. However, in stepwise linear multivariate regression, these
associations did not remain significant after adjusting for
covariates (age, BMI z-score, and seasonality). When children with
vitamin D deficiency were analyzed separately, serum 25(OH)D
concentration was found to be associated with AHI and respiratory
arousal index (Table 5).
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DISCUSSION
This study shows significant associations between serum 25(OH)D
concentrations in snoring children and their parents. Children with
insufficient and deficient vitamin D status tend to have a worse
metabolic profile, and an inverse association between serum
levels of 25OH)D and the AHI and respiratory arousal index was
observed in children with vitamin D deficiency. Overall, our results
suggest that hypovitaminosis D is associated with an increase in
the number of metabolic and sleep disturbances among children

and their parents. Familial status of vitamin D could be used as an
indicator for the early identification of children at risk of unhealthy
sleep and/or metabolic complications.
The problem of hypovitaminosis D and its adequate

supply represents an important issue in public health, and
investigations on the association between vitamin D status and

Table 1. Distribution of variables by categories of 25(OH)D.

Sufficient (≥30
ng/mL)
(n= 57)

Insufficient
(20–29 ng/mL)
(n= 56)

Deficient (<20
ng/mL) (n= 24)

Age (years) 7.6 ± 3.9 7.8 ± 3.2 8.9 ± 3.6

Female, n % 26 (45.6) 23 (41.1) 11 (45.8)

BMI 20.4 ± 7.6 20.5 ± 6.6 23.9 ± 7.7

BMI z-score 0.87
(0.34–1.39)

0.99 (0.42–1.55) 1.23 (0.75–2.15)

AHI, h−1 5.1 (1.9–8.3) 3.5 (2.2–4.7) 5.5 (1.6–9.5)

Mean SaO2,% 97 ± 2 97 ± 1 97 ± 1

Minimum SaO2,% 87 ± 8 86 ± 8 89 ± 5

ODI, h−1 1.5 (0.8–2.9) 1.5 (0.5–2.4) 3 (1.1–4.2)

Arousal index,
h−1

10.2 ± 6.2 9.6 ± 4.4 14.7 ± 9.6a

Respiratory
arousal index,
h−1

2 (1–3.1) 1.6 (0.8–2.3) 3.7 (0.4–7.2)

TST, min 427 ± 69 425 ± 62 451 ± 71

N1, %TST 1.6 ± 1 1.6 ± 0.7 1.5 ± 0.9

N2, %TST 26.5 ± 9.9 26.3 ± 8.1 25.9 ± 6.7

N3, %TST 52.3 ± 10.7 51.6 ± 8.4 51 ± 7.7

REM, %TST 20.7 ± 4.5 20.7 ± 5.4 23.5 ± 3.7

Sleep
efficiency, %

90 ± 7 88 ± 7 91 ± 4

Sleep
latency, min

21 ± 10 19 ± 17 21 ± 15

Glucose (mg/dL) 85 ± 7 85 ± 8 86 ± 7

Insulin (µUI/mL) 9.3 (6.5–12) 9.9 (7.2–12.5) 17.5
(10.8–24.1)a,b

HOMA-IR 1.7 (1.2–2.3) 2.1 (1.5–2.7) 3.4 (2–4.9)a,b

Total cholesterol
(mg/dL)

155 ± 25 155 ± 27 162 ± 22

Triglycerides
(mg/dL)

60 ± 27 58 ± 27 77 ± 37a

HDL (mg/dL) 51 ± 12 50 ± 10 49 ± 11

LDL (mg/dL) 92 ± 21 93 ± 24 97 ± 21

ALT (U/L) 17 ± 7 15 ± 6 18 ± 5

AST (U/L) 26 ± 7 25 ± 7 25 ± 5

GGT (U/L) 13 ± 5 12 ± 3 16 ± 5a,b

PTH (pg/mL) 29 ± 10 32 ± 12 39 ± 13b

Data are presented as n (percentage) for categorical data or as mean ±
standard deviation or median (interquartile range) for continuous data.
BMI body mass index, AHI apnea–hypopnea index, ODI O2 desaturation
index (<3%), TST total sleep time, N1 sleep stage 1, N2 sleep stage 2, N3
sleep stage 3, HOMA homeostasis model assessment, HDL high-density
lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, ALT
alanine transaminase, AST aspartate transaminase, GGT gamma glutamyl
transferase, PTH parathyroid hormone.
ap < 0.05 deficient vs insufficient.
bp < 0.05 deficient vs sufficient.

Table 2. Paternal and maternal characteristics.

Sufficient (≥30
ng/mL) (n= 57)

Insufficient
(20–29 ng/mL)
(n= 56)

Deficient
(<20 ng/mL)
(n= 24)

25(OH)D (ng/mL) 38 ± 8 25 ± 2a 18 ± 2b,c

Father

Age 42 ± 7 44 ± 7 43 ± 7

BMI 26 ± 5 30 ± 5a 28 ± 2

25(OH)D (ng/mL) 34 ± 12 24 ± 7a 23 ± 5c

Insufficiency (%) 42 80a 87c

Mother

Age 38 ± 6 37 ± 9 39 ± 4

BMI 26 ± 6 27 ± 7 30 ± 7

25(OH)D (ng/mL) 31 ± 9 23 ± 6a 21 ± 7a

Insufficiency (%) 41 82a 83c

Data are presented as mean ± standard deviation.
BMI body mass index.
ap < 0.05 sufficient vs insufficient.
bp < 0.05 deficient vs insufficient.
cp < 0.05 deficient vs sufficient.
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Fig. 1 Serum 25(OH)D levels in parents and in their children. The
first image shows the Spearman’s correlation (r) between 25(OH) D
maternal values and those of their children. The second one shows
the correlation between paternal and their children levels.
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clinical conditions are rapidly emerging.15 Vitamin D is a key
determinant of bone health during childhood and adolescence.16

Moreover, the role of vitamin D in the development of other non-
skeletal diseases has reinforced the interest in the promotion of an
adequate vitamin D status during pediatric age.4,17–19 It has been
suggested that family-related factors may affect serum 25(OH)D
levels.8 Although it is not fully clear, the underlying mechanisms
could be genetic background and similarities in lifestyle factors in
family members.20–22

In this study, we examined the impact of the familial relation-
ship on vitamin D status in snoring children. Vitamin D
insufficiency and deficiency were prevalent and a strong familial
association of vitamin D status was found between children and
parents. Children with insufficient or deficient vitamin D parents
had significantly higher risk of suboptimal serum levels of 25(OH)
D. Indeed, a significant relationship was detected between
paternal and maternal vitamin D status. Children within a family

are likely to share similar habits, hence variables related to overall
health status such as type of diet, physical activity, and sunlight
exposure could in part explain the familial relationship in vitamin
D status.23 On the other hand, multiple processes of change and
adaptation can be related to vitamin D status. Some previous
studies showed an association between vitamin D status and age
in both children and adults, whereas others did not.8,24 In the
present study, no differences were observed in age and sex
between groups. It is likely that the association between
hypovitaminosis D in children and their parents may be related
to a particular risk phenotype rather than one particular risk factor.
In this regard, knowledge of vitamin D status within families would
be helpful when considering interventions to prevent the burden
of hypovitaminosis D.
Evidence has shown the mediating role of vitamin D in the

glucose metabolism.25 Additionally, pediatric overweight and
obesity are also linked to hypovitaminosis D and insulin
resistance.26 Consistent with previous studies, we found that
children with insufficient and deficient vitamin D had a
significantly higher HOMA index when compared to sufficient
children. However, the association between 25(OH)D levels and
HOMA index did not remain significant after adjusting for
covariates. Recent investigations suggest that vitamin D deficiency
impairs insulin synthesis, regardless of the presence of obesity.6

Nonetheless, there is poor evidence of direct causality, and the
biological mechanisms by which vitamin D influences insulin
resistance in children and adolescents remains to be unraveled.27

PTH analysis allows us to exclude the fact that adiposity might be
the only cause of hypovitaminosis D. PTH is involved in calcium
and phosphorus metabolism together with vitamin D. We
observed a negative trend between the PTH and 25(OH)D groups,
suggesting that higher PTH levels were due to compensating for
the deficiency in vitamin D.17,28,29

On the other hand, vitamin D may impact the liver through an
effect on insulin resistance and the metabolic syndrome, both
negatively associated with vitamin D status.30 In the current study,
GGT levels were higher among the insufficient and deficient
vitamin D groups. GGT is considered an indicator of metabolic
liver injury and elevated GGT levels have been found to be
associated with the metabolic syndrome or its components in
children and adolescents. Our findings contribute to support the
hypothesis that this metabolic dysregulation may be augmented
in children with hypovitaminosis D and that vitamin D status could
be a useful measure for identifying children with worse metabolic
profiles.
An inverse correlation between the AHI and respiratory arousal

index and 25(OH)D concentrations was observed in children with
deficient vitamin D. These results are consistent with some
previous studies.31 The relationship between low levels 25(OH)D
and sleep apnea could be partly explained by common risk
factors, such as obesity and impaired glucose tolerance.7,32

Alternatively, it is also possible that OSA-related hypoxia might
interfere with the pathways related to 25(OH)D metabolism.29

Meanwhile, several studies reported that vitamin D receptors were
expressed in the brain regions that regulate the sleep–wake cycle,
and emerging lines of evidence suggest a role for inadequate

Table 3. Odds ratio for the risk of vitamin D insufficiency in children according to the vitamin D status of parents.

OR (95% CI) p value Adjusted ORa (95% CI) p value

Paternal insufficiency 16.1 (3.1–33.4) <0.001 15.1 (2.7–35.7) 0.002

Maternal Insufficiency 8.4 (2.4–28.9) 0.001 7.2 (2.4–22) 0.001

Paternal and Maternal insufficiency 27.8 (4.7–64.9) <0.001 14.5 (3.1–38.6) 0.001

CI confidence intervals.
aAdjusted for age, BMI z-score, and seasonality.

Table 4. Correlation coefficients for serum 25(OH)D levels by
Spearman’s rank correlation.

Variables Total sample Deficient (25(OH)
D < 20 ng/mL)

r value p value r value p value

Age −0.063 0.226 0.149 0.238

BMI −0.105 0.205 0.064 0.381

BMI z-score −0.150 0.071 0.104 0.310

Triglycerides −0.109 0.095 −0.061 0.386

Insulin −0.176 0.017 0.228 0.142

HOMA-IR −0.144 0.043 0.226 0.144

GGT −0.139 0.048 −0.163 0.223

PTH −0.225 0.004 −0.439 0.014

AHI −0.046 0.291 −0.647 0.009

Respiratory arousal index −0.079 0.235 −0.669 0.034

BMI body mass index, HOMA homeostasis model assessment, GGT gamma
glutamyl transferase, PTH parathyroid hormone, AHI
apnea–hypopnea index.

Table 5. Multiple linear regression in deficient children (25(OH)D < 20
ng/mL).

βa 95% CI (β) p value

PTH −0.45 −6.59 to −0.51 0.024

AHI −0.77 −1.37 to −0.17 0.017

Respiratory arousal index −4.01 −7.81 to −0.21 0.041

β standardized coefficient, CI confidence intervals, PTH parathyroid
hormone, AHI apnea–hypopnea index.
aAdjusted for age, BMI z-score, and seasonality.
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vitamin D in the development of symptoms of wake impairment
associated with sleep disorders.33,34 Adequate sleepers tend to
have a healthier lifestyle, and vitamin D could be a mediator of the
extended range of associations between sleep and health
outcomes.34

Overall, our results suggest that familial vitamin D status may
serve as an informative, practical approach to a generally healthy
lifestyle. Evidence suggests that optimal vitamin D status may be
tissue dependent, with distinct thresholds for different physiolo-
gical systems and clinical outcomes. A further problem is that it is
not yet known how much vitamin D is required or what dosing
frequency ensures an adequate circulating concentration of 25
(OH)D in order to achieve a significant reduction in the different
clinical outcomes. Moreover, parental characteristics have an
important influence on developing the lifestyle of children, and it
is estimated that about a third of the variability in serum 25(OH)D
concentrations is explained by family membership.22 In this sense,
previous studies suggest that it may be effective to target families
rather than individuals, so as to implement interventions designed
to improve vitamin D status.
Taken together, the findings of this study indicate that vitamin

D status could be an effective screening method, to identify
snoring children at risk of OSA and metabolic complications.
According to our findings, parental vitamin D status may help to
establish a more informative typology of families and to identify
groups of snoring children at higher risk of OSA and may help
researchers to design more effective intervention strategies and
with lower cost.

Limitations
This study had some limitations. First, the sample size was
relatively small, and our results need to be interpreted in the
context of testing multiple hypotheses. The study design does not
allow any inference about causality between vitamin D deficiency
and OSA severity, so further studies are needed to determine
whether snoring children in risk of developing OSA and their
parents should be screened for vitamin D deficiency for
preventive purposes. Second, although 25(OH)D measurements
were made using standardized methods, the single measurement
may have attenuated our ability to detect associations between 25
(OH)D and several outcomes. Low 25(OH)D is associated with poor
health behaviors and with a large number of disorders. The
causative role of low 25(OH)D in many of these conditions remains
unclear, and several studies suggested that free and bioavailable
25(OH)D could reflect vitamin D metabolism better than total 25
(OH)D.35 Moreover, 25(OH)D was not detected by the gold
standard metabolite test (liquid chromatography tandem mass
spectrometry). Although our method was standardized and
calibrated against the international reference material of the
National Institute of Standards and Technology, a potential bias
due to this reason is possible. Third, given that children were
recruited from a sleep center, our findings cannot be generalized
to other populations. Fourth, we did not assess the effects of
dietary habits and neither did we investigate the influence of
sleep-related interventions on serum 25(OH)D levels. Moreover,
although we adjusted for seasonality, measures of within-
participant seasonal variation in 25(OH)D concentrations were
not included in our analysis, which may have influenced the
outcome of this study.

CONCLUSIONS
More than a half of the snoring children tested had vitamin D
insufficiency. In addition, significant associations were found
between serum 25(OH)D concentrations in children and their
parents. Children with insufficient and deficient vitamin D status
tended to have a worse metabolic profile, and an inverse
association between 25(OH)D levels and OSA severity was

detected in deficient children. In summary, family patterns of
vitamin D could be helpful for the early identification of snoring
children at risk of metabolic and/or sleep disturbances and when
considering strategies to improve vitamin D status.
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