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Study Objective: Recent studies report a link between
obstructive sleep apnea (OSA) syndrome, low vitamin D
levels, and high parathyroid hormone (PTH) concentrations.
The aim of the current study is to evaluate the effect of 7-night
continuous positive airway pressure (CPAP) therapy on
serum vitamin D, PTH, and calcium levels in patients with
severe OSA syndrome.

Methods: Patients with severe OSA were enrolled into the
study and compared to control subjects. Patients with OSA
underwent CPAP therapy for 7 nights and were consequently
divided into responders (OSA-R, mean residual AHI < 5/h)
and nonresponders (OSA-nR, mean residual AHI > 5/h).
Serum vitamin D, PTH, and calcium levels were measured at
baseline in patients with severe OSA (apnea-hypopnea index
> 30/h) and control subjects. Patients with OSA underwent a
final morning blood sample after 7-night CPAP therapy.
Results: We enrolled 90 patients with OSA into the study (65
OSA-R and 25 OSA-nR) compared to 32 control subjects. At
baseline, lower vitamin D and higher PTH levels were detected

in the OSA group compared to controls. After 7-night CPAP
therapy, male OSA-R patients showed a significant increase
in vitamin D levels. Conversely, female OSA-R patients did
not show the same increase in vitamin D levels. It was also
observed that OSA-nR subjects did not show modifications of
serum markers after n"CPAP-therapy.

Conclusions: The study demonstrates that short-term
nCPAP treatment is able to promote the recovery of vitamin
D homeostasis in male patients with OSA. The mediation
of sexual hormones in regulating vitamin D is a possible
explanation of the lack of recovery of vitamin D homeostasis in
female patients with OSA as it often affects postmenopausal
women.
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bstructive sleep apnea (OSA) syndrome is a condition

characterized by the occurrence of repetitive episodes
of partial or complete obstruction of the upper airway, inter-
mittent hypoxia, and fragmentation of sleep." The prevalence
of this syndrome in the population is between 3.1% and 7.5%
in males and 1.2% and 4.5% in females.” Nasal continuous
positive airway pressure (nCPAP) represents the most suitable
treatment of OSA.

Recent studies confirm the evidence of a link between OSA
syndrome and abnormally low vitamin D and high parathyroid
hormone (PTH) serum levels.*¢ Vitamin D and PTH partici-
pate in bone metabolism and calcium homeostasis. Addition-
ally, vitamin D has pleiotropic effects, modulating numerous
metabolic processes in multiple tissues throughout the body.’
Moreover, vitamin D deficiency has been recently associated
with diabetes, hypertension, and incident stroke.®

Therefore, the aim of the current study is to verify
whether short-term nCPAP treatment may influence serum
vitamin D, PTH and calcium levels in patients with severe
OSA syndrome.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Vitamin D not only participates
in bone metabolism and regulates calcium homeostasis, but also has
pleiotropic effects, modulating numerous metabolic processes. Con-
sidering that patients with obstructive sleep apnea (OSA) suffer from
vitamin D deficiency and show high serum parathyroid hormone (PTH)
levels, we tested the effects of short-term continuous positive airway
pressure (CPAP) on serum vitamin D and PTH levels.

Study Impact: These findings suggest that short-term CPAP therapy
in male patients with OSA determines an increase of serum vitamin D
levels. Therefore, the current study provides evidence that OSA seems
to be an etiopathogenetic factor involved in vitamin D deficiency, which
may recover after CPAP therapy in male patients.

METHODS

In our study we included consecutive patients with OSA
undergoing polygraphic cardiorespiratory monitoring di-
agnosed according to American Academy of Sleep Medi-
cine (AASM) criteria.” The recording montage included:
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an oronasal pressure cannula to record airflow and snoring
sound, piezoelectric belts to detect thoracic and abdominal re-
spiratory efforts, finger pulse oximetry, and sensors of heart
rate and body positioning. The following oxygen saturation
(Sa0,) parameters were calculated: mean Sa0,, lowest SaO,,
time spent with Sa0, < 90% (T < 90), and oxygen desatura-
tion index (ODI) (number of oxygen desaturations > 3%/h).
Apnea-hypopnea index (AHI) is defined as the sum of all ap-
neas (> 90% reduction in airflow for > 10 seconds) and all
hypopneas (> 30% reduction in airflow > 10 sec) associated
with > 3% O, desaturation.'” Patients with OSA were selected
based on an AHI > 30/h, because such patients are candidates
for nCPAP therapy. Patients underwent nCPAP therapy using
a home autotitrating CPAP device with a mask pressure 5-15
c¢cmH,0 for 7 nights."

The control group was selected from a population of volun-
teers with low sun exposure (indoor workers), and similar to
patients with OSA in terms of age, sex, and body mass index
(BMI). Inclusion criterion for controls was the absence of sleep
disorders, evaluated by means of both a structured interview
and a polygraphic cardiorespiratory monitoring (AHI < 5/h).

Exclusion criteria for patients with OSA and controls were:
chronic liver disease or chronic renal failure; diabetes melli-
tus; thyroid dysfunction; malignancies; use of corticosteroids
or antibiotics over the 4 w preceding recruitment in the study;
autoimmune or neuromuscular disorders; symptoms or signs
of acute or chronic inflammation disorders or recent infections;
calcium or vitamin D supplements; and diuretic treatments.

At baseline, we took venous blood samples from patients
with OSA and controls between 08:00 and 09:00 am after over-
night fasting. Patients with OSA underwent a final morning
blood sample after a 7-night period of nCPAP treatment.

Based on compliance and efficacy of the 7-night nCPAP
home titration treatment documented by the ventilator soft-
ware report, we divided patients with OSA in two subgroups:
responders (OSA-R) who showed a mean residual AHI < 5/h
during nCPAP therapy, with a usage > 4 h per night; and non-
responders (OSA-nR) who showed a residual AHI > 5/h. More-
over, the OSA-nR group also included patients who did not use
their devices regularly (nCPAP usage < 4 h/night).

Serum vitamin D, PTH and calcium levels were quantified
by routine clinical laboratory methods (Vista, Centaur, and
Immulite Siemens Healthcare Diagnostic, Milan, Italy). To
avoid seasonal variability, vitamin D levels in patients with
OSA and controls were measured during the same season.

We also evaluated excessive daytime somnolence in patients
with OSA and controls by means of the Epworth Sleepiness
Scale (ESS).1>13

Patients and controls provided informed consent, which was
approved by the Independent Ethical Committee of the Univer-
sity Hospital of Rome “Tor Vergata”.

We used the Statistica 10.0 program (Statsoft Inc, Tulsa, OK,
USA) for the statistical analysis. One-way analysis of variance
(ANOVA) was applied to compare clinical and cardiorespira-
tory polygraphic data as well as serum markers between pa-
tients with OSA and controls. We used three-way ANOVA with
repeated measures counting treatment efficacy (OSA-R versus
OSA-nR) and sex (male versus female) as “between” factors
and serum markers levels (pre- versus post-nCPAP treatment)
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as “within” factors. Significant results were further analyzed
using the post hoc Sheffe test.

Among the OSA patient groups, correlations between all the
serum data, BMI, ESS, and polygraphic scores were separately
performed through the nonparametric Spearman rank-order
test. An additional multiple regression analysis was used af-
ter variable transformation (square root or logarithmic) when
appropriate. The significance level was set at p < 0.05 for all
statistical analyses.

RESULTS

Demographic, Clinical, and Polygraphic Data of
Patients and Controls

Ninety patients with OSA completed the study between Oc-
tober 2013 and March 2014 (65 OSA-R and 25 OSA-nR). The
control population consisted of 32 subjects of similar age, sex,
and BMI to that of patients with OSA.

Inthe OSA-R group, the mean residual AHI was 3.21 + 1.42/h
and the mean nCPAP usage was 5.53 + 1.12/h. In contrast, OSA-
nR patients showed a mean residual AHI of 11.85 +4.91/h with
a mean nCPAP usage of 4.78 = 1.44 hours per night.

Demographic, clinical and polygraphic features of OSA pa-
tient groups and controls are summarized in Tables 1 and 2.

Vitamin D, PTH and Calcium Levels in OSA Patient
Group and Controls

We found lower vitamin D and higher PTH levels in patients
with OSA compared to controls (Table 1). Serum calcium
concentrations did not differ between patients with OSA and
controls.

Correlations Between Clinical, Polygraphic, and
Serum Data in Patients With OSA

The Spearman rank-order test showed that BMI correlated
positively with PTH levels (R = 0.42, p < 0.001) and negatively
with vitamin D levels (R = —0.32, p < 0.01) in the entire OSA
group. ESS value correlated negatively with minimum oxygen
saturation (R = —0.27, p = 0.039). Moreover, we found a sig-
nificant negative correlation between serum PTH levels and
both vitamin D and calcium levels (R = —0.26 and p < 0.05,
R = —0.29 and p < 0.05; respectively). No other correlations
between the aforementioned parameters emerged. The addi-
tional multivariate regression analysis revealed the association
between serum vitamin D levels and lowest SaO, (f = 1.37,
p = 0.04).

Vitamin D, PTH, and Calcium Levels in Patient Groups
After nCPAP Therapy

We observed a significant nCPAP treatment effect with the
increase of serum vitamin D concentrations in the global OSA
population (19.21 + 9.45 versus 21.03 + 9.50, F = 8.32, p < 0.01).
In addition, we found a significant interaction between OSA
subgroups, sex, and nCPAP treatment (F = 10.03, p < 0.01).
In particular, the post hoc analysis showed the significant in-
crease of serum vitamin D levels after 7-night nCPAP therapy
compared to baseline in male OSA-R (Figure 1, p < 0.01).
This increase was not observed in female OSA-R patients or
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Table 1—Demographic, clinical, polygraphic, and serum data of patients with obstructive sleep apnea and controls.

Patients with OSA (n =90)

Demographic and Clinical Data (Mean value * SD)

Age (y) 61.10 + 12.68
Sex 60 M, 24 F
BMI 31.90 £5.73
ESS 9.04 +5.99
Polygraphic data
AHI 49.71 £ 18.59
ODI 4711 £18.57
Sa0, mean 92.39 £ 3.02
Sa0, min 74.19 £ 9.60
T<90 20.18 +22.83
Serum data
Vitamin D (ng/mL) 19.34 £ 9.54
PTH (pg/mL) 62.57 £ 29.97
Calcium (mg/ml) 9.03+0.45

Controls (n = 32)

(Mean value * SD) p values
59.12 £ 8.02 NS
22M,10F NS
30.87 £ 2.53 NS
254202 <0.0001
315+£1.27 <0.0001
269+1.2 <0.0001
97.06 £ 1.29 <0.0001
91.62 +2.84 <0.0001
0.11+0.18 <0.0001
32.83+16.93 <0.0001
40.05 + 31.12 <0.0001
8.99+0.37 NS

AHI, apnea-hypopnea index; BMI, body mass index; ESS, Epworth Sleepiness Scale; NS, not significant; ODI, oxygen desaturation index; OSA, obstructive
sleep apnea; PTH, parathyroid hormone; SaO, mean, mean oxygen saturation; SaO, min, lowest oxygen saturation; SD, standard deviation; T < 90 (%),

time spent with Sa0, < 90%.

Table 2—Demographic, clinical, polysomnographic, and serum data of obstructive sleep apnea patient subgroups at baseline.

OSA-R (n =65)
Demographic and Clinical Data (Mean value * SD)

Age (y) 61.64 £ 11.12
Sex 41M,18F
BMI 3210 £6.54
ESS 8.96 +5.84
Polysomnographic data

AHI 47.75 £17.01

oDl 4542 £17.10

Sa0, mean 92.38 + 11.55

Sa0, min 7443 +£12.18

T<90 20.48 £22.98
Serum data at baseline

Vitamin D (ng/mL) 19.84 £ 8.26

PTH (pg/mL) 62.01 £28.58

Calcium (mg/mL) 9.09 £1.33

OSA-nR (n = 25)

(Mean value * SD) p values

59.45 + 16.78 NS
19M,6F NS
31.30+6.14 NS
9.35+6.16 NS
48.03 + 13.21 NS
45.85 + 14.74 NS
92.41+£312 NS
73.39 + 11.37 NS
19.04 £22.17 NS
18.46 + 12.35 NS
64.14 +33.25 NS
8.99 + 0.41 NS

AHI, apnea-hypopnea index; BMI, body mass index; ESS, Epworth Sleepiness Scale; NS, not significant; ODI, oxygen desaturation index; OSA, obstructive
sleep apnea; OSA-R, OSA patients showing a mean residual AHI < 5 per hour after the seven nights of nNCPAP therapy and with a nCPAP usage > 4 hours
per night; OSA-nR, OSA patients who did not use their devices regularly ("\CPAP usage < 4 h/night) and/or showing a residual AHI > 5/h; PTH, parathyroid
hormone; Sa0, mean, mean oxygen saturation; SaO, min, lowest oxygen saturation; SD, standard deviation; T < 90 (%), time spent with Sa0, < 90%.

in OSA-nR subgroups (Figure 1, p > 0.05). No significant ef-
fect of nCPAP therapy on serum calcium and PTH levels was
observed in OSA-R and OSA-nR subgroups.

DISCUSSION

These results confirm the emerging lines of evidence that
patients with OSA suffer from low vitamin D and high PTH
levels.>® The novel contribution of the current study lies
in the observation that a short-term treatment with nCPAP
promotes the improvement of the vitamin D homeostasis
in male patients with OSA. In fact, nCPAP is the treatment
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of choice to improve several internal parameters in patients
with OSA.14 18

Vitamin D has pleiotropic effects and plays major roles in
an extended range of organ functions and disorders.” Vitamin
D is a fat-soluble secosteroid hormone which undergoes two
hydroxylation reactions, first in the liver and second in the kid-
ney.” Hydroxylations are regulated by complex feedback loops
involving PTH and calcium serum levels.

We confirmed in our population of patients with OSA the
high prevalence of low vitamin D levels coupled with high
PTH concentrations. Consistently, it is well known that vi-
tamin D deficiency causes a compensatory increase of PTH
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Figure 1—Vitamin D levels in obstructive sleep apnea (OSA) patient subgroups at baseline and after continuous positive
airway pressure (CPAP) therapy [mean = standard deviation (min-max)].
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We observed the significant increment of serum vitamin D levels uniquely in male OSA responders (A), whereas this increase was not evident in female
OSA responder (B), male OSA nonresponder (C), and female OSA nonresponder (D) subgroups.

levels in order to maintain serum calcium homeostasis."” Obe-
sity, frequently associated with OSA,* is also linked to vita-
min D deficiency and PTH increase.”’*> Congruously, in the
OSA patient group, BMI correlated negatively with vitamin D
levels and positively with PTH concentrations. However, we
found that patients with OSA showed lower vitamin D and
higher PTH levels with respect to BMI-matched controls. On
this basis, it can be hypothesized that OSA represents a risk
factor for vitamin D deficiency independently of obesity and it
is plausible that OSA coupled with obesity may cause a more
severe vitamin D-deficient status, which seems to improve af-
ter short-term nCPAP therapy. Furthermore, the association
found between lowest SaO, and serum vitamin D levels could
suggest that hypoxia is a putative factor involved in vitamin
D deficiency in patients with OSA, as reported in chronic ob-
structive pulmonary diseases.”> However, considering that vi-
tamin D binding-protein (VDBP) changes its serum level in
response to chronic hypoxia,? further investigation of VDBP
serum levels in patients with OSA before and after CPAP treat-
ment would be necessary in the future.

Interestingly, the increase in vitamin D levels was observed
only in male OSA-R patients. This differential effect of nCPAP
treatment may be related to the observation that vitamin D de-
ficiency is frequently reported in postmenopausal women,* as
were those included in this study. Consistently, it is well known
that sex hormone secretions affect bone mineralization, cal-
cium homeostasis, and both vitamin D and PTH levels.

Developing evidence suggests that low vitamin D levels in-
crease the risk of cardiovascular and cerebrovascular diseases,
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diabetes, autoimmune diseases, chronic rhinitis, and tonsillar
hypertrophy.®?** Additionally, vitamin D deficiency may also
elevate the risk of development of OSA via various mecha-
nisms.?® Therefore, ensuring normal serum vitamin D levels
in patients with OSA may reduce the worsening of OSA syn-
drome and prevent cardiovascular and cerebrovascular risk
and diabetes.

In conclusion, this study has demonstrated that short-term
nCPAP treatment is able to promote the recovery of vitamin
D homeostasis in male patients with OSA. The mediation of
sex hormones in regulating vitamin D is a possible explana-
tion of the lack of recovery of vitamin D homeostasis in female
patients with OSA as it often affects postmenopausal women.
Further studies investigating the effect of long-term nCPAP on
vitamin D and PTH levels would be beneficial in the near future.
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