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Circulating FABP4 and FABPS5 Levels Are Differently Linked to OSA Severity
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Objective: To evaluate circulating adipocyte and epidermal fatty acid-binding protein (FABP4 and FABP5) concentrations in patients with obstructive
sleep apnea (OSA), as well as the effects of continuous positive airway pressure (CPAP) treatment.

Methods: Our cross-sectional study included 125 patients. After polysomnography, 58 participants met the criteria for CPAP treatment and were
included in a closed cohort study of 8 weeks of CPAP treatment. General anthropometric and biochemical data and circulating FABP4 and
FABPS levels were determined in all patients at baseline and after CPAP treatment in those receiving this therapy.

Results Circulating FABP4 but not FABP5 levels were higher in patients with OSA (P = 0.003). FABP4 but not FABP5 values were associated with
parameters of OSA severity independently of age, gender, adiposity and insulin resistance (P < 0.05). FABP4 but not FABP5 concentrations were
determinants of OSA presence (OR: 1.11, P = 0.010) and severity (OR: 1.06, P = 0.020). After CPAP treatment, FABP4 levels decreased in the
more severe patients (P = 0.019), while FABP5 levels increased in all patients (P < 0.001).

Conclusions FABP4 is directly associated with obstructive sleep apnea severity and did not change with continuous positive airway pressure
treatment, while FABP5 was not associated with obstructive sleep apnea severity and increased with continuous positive airway pressure treatment.
FABP4 and FABP5 have different associations with obstructive sleep apnea. FABP4 but not FABP5 could be considered a marker of metabolic
alterations in obstructive sleep apnea patients.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a very prevalent disease
in adult population, and its prevalence increases with age.'?
OSA is a risk factor for cardiovascular disease, particularly
when accompanied by marked nocturnal hypoxemia.'? The
relationship between OSA and cardiovascular risk is compli-
cated by confounding factors involved in the two entities such
as obesity, age, and gender. It has been recently reported that, in
severe OSA patients, treatment with continuous positive airway
pressure (CPAP), in addition to improving daytime symptoms
(excessive sleepiness) and quality of life,® has a considerable
impact on metabolic alterations, including decreased choles-
terol levels and improved insulin resistance, which reduce
cardiovascular risk.*?

The association between OSA and cardiometabolic altera-
tions is likely due to common pathophysiological pathways.
Recently there has been active research focusing on molecules
linking OSA with metabolic alterations. Among these studies,
the fatty acid binding proteins (FABP) are good candidates as
markers of OSA and metabolic alterations.

FABPs are a family of metabolically related, low molecular
weight proteins acting as cytoplasm fatty acid transporters.

Submitted for publication November, 2012

Submitted in final revised form July, 2013

Accepted for publication August, 2013

Address correspondence to: Dr; Anna Cabré, Unitat de Recerca en Lipids
i Arteriosclerosi, Facultat de Medicina, Universitat Rovira i Virgili, C. Sant
Lloreng 21, 43201-Reus, Spain; E-mail: anna.cabre@urv.cat

SLEEP, Vol. 36, No. 12, 2013

The adipocyte FABP (FABP4) is one of the better known
FABP subtypes. Data from animal studies have suggested that
increased FABP4 levels are associated with dyslipidemia and
with the development of insulin resistance.®’ Interestingly,
FABP4 is also expressed in macrophages, particularly during
intracellular lipid accumulation, as in the foam cell formation
process.® In FABP4 knock out animals, the epidermal FABP
(FABPS) is overexpressed in adipocytes, replacing, in part, the
FABP4 intracellular function.

Albeit mainly intracellular, these proteins are in part
released into plasma, and circulating levels can be measured.
The role of circulating FABP4 as a metabolic derangement
biomarker has been widely established by our group and other
groups.'®'* FABP4 plasma levels are associated with obesity,
type 2 diabetes, and metabolic syndrome.'®'? Interestingly,
the increase in plasma FABP4 levels precedes the above-
mentioned metabolic alterations'® and thus has been suggested
as a biomarker of metabolic risk.'* FABP4 has also been asso-
ciated with vascular disease because FABP4 levels are asso-
ciated with the coronary atherosclerosis burden.”” Circulating
FABP4 correlates with endothelial dysfunction and a causal
role, beyond its role as a biomarker, in vascular damage has
been suggested.'® Circulating FABP4 levels have been studied
in OSA patients, and an association with OSA presence and
severity has been reported.'”'® Moreover, CPAP treatment seems
to decrease FABP4 levels."” Recently, Bhushan and colleagues
reported that childhood obesity and OSA are associated with
higher plasma FABP4 levels, which increase cardiometabolic
risk.?® The clinical significance of circulating FABPS is less
well known. It has a significant direct correlation to FABP4 and
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has been suggested to have a role similar to that of FABP4 as
a biomarker of cardiometabolic risk. Moreover, its association
to carotid intima-media thickness has been reported, although
its impact as a cardiovascular risk marker is not clearly estab-
lished.?'> Both FABP4 and FABPS5 are also expressed in alve-
olar macrophages and endothelial peribronchial cells, although
only high FABP4 levels have been associated with asthma and
bronchopulmonary dysplasia.”® There are no data on the corre-
lation between FABPS and OSA.

We hypothesized that, because of the close metabolic rela-
tionship between FABP4 and FABPS, both adipokines would
be associated with OSA severity and associated metabolic
disorders.

Taking into consideration the complimentary metabolic
role of FABP4 and FABPS5 at the cellular level, we aimed to
analyze the association of these two molecules with OSA and
its treatment.

MATERIALS AND METHODS

Design and Study Participants

This study included 2 parts: a cross-sectional study and a
closed-cohort intervention study. We included 125 men and
women, aged 18-75 years, with suspected OSA who were
referred to the sleep disorders unit of our hospital. OSA was
assessed by overnight polysomnography (PSG). Exclusion
criteria included ventilatory failure, previous cardiovascular
disease, other major chronic medical illness, psychiatric disor-
ders, and severe alcoholism. All participants received dietary
counseling and sleep hygiene advice at the beginning of the
study.

Sleep Study

PSG was performed using a computerized diagnostic system
(eXea PSG, BITMED, Zaragoza, Spain). Manual scoring of
sleep and respiratory events were performed according to stan-
dard criteria. Sleep parameters included the apnea/hypopnea
index (AHI score), duration of desaturation, arousal index,
oxygen desaturation index (ODI), and lowest and mean oxygen
saturation (SpO,). After PSG, OSA severity was quantified
as follows AHI < 5/h (non OSA), 5/h > AHI < 15/h (mild),
15/h > AHI < 30/h (moderate), and AHI > 30/h (severe).

Clinical Measurements

Anthropometric parameters and blood pressure were
measured. Forced expiratory volume in the first second (FEV)),
forced vital capacity (FVC), and the FEV,/FVC ratio were
determined at baseline by simple spirometry. The Epworth
Sleepiness Scale score was calculated at baseline (ESS,) and at
the end of intervention period.*

Body fat was measured according to the ultrasound image
review consensus (MyLab 50 X-Vision ultrasonograph,
Esaote, Italy).” Briefly, the thicknesses of subcutaneous and
visceral adipose tissue (SAT and VAT, respectively) were
measured by placing the probe (7.5-12 MHz) perpendicular
to the skin on the epigastrium. The SAT was defined as the
distance between the anterior surface of the linea alba and the
fat-skin barrier. The VAT extends from the anterior surface of
the liver (left lobe) to the posterior surface of linea alba. The
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preaortic intraabdominal fat (PIF) was the distance between
the anterior aortic wall and the posterior surface of the rectus
abdominis muscle, measured 1-5 cm above the umbilicus at
the xipho-umbilical line.

CPAP Intervention

Following confirmation of OSA, all severe and moderate
OSA with daytime sleepiness (ESS, > 10) or associated cardio-
vascular risk factors were treated with CPAP for 8 weeks, and
effective pressure was verified initially (Goodknight 420G
CPAP, Covidien-Nellcor and Puritan Bennett, Boulder, USA).
Adherence was defined as follows: CPAP used at least 4 h/night
during 75% of the study nights. Withdrawal criteria included
worsening of the clinical symptoms, non-adherence, or volun-
tary departure from the study.

Laboratory Analysis

Blood samples were drawn after an overnight fast, and
serum and plasma samples were obtained. Lipid profiles and
glucose, HbA,, creatinine and y-glutamyl transpeptidase
(GGT) levels were measured immediately, using standard
enzymatic and colorimetric techniques adapted to a Modular
P-800 autoanalyzer (Roche Diagnostics, Barcelona, Spain).
FABP4, FABP5 and insulin levels were determined with
commercial ELISA kits (BioVendor-Laboratory Medicine,
Brno, Czech Republic; and Mercodia AB, Uppsala, Sweden)
in serum samples stored at -80°C. All samples were analyzed
individually and simultaneously. Insulin resistance was calcu-
lated using the homeostasis model assessment method.*
Biochemical assessments were performed at baseline and at
the end of the intervention period.

Statistical Analysis

Two-sided P < 0.05 obtained with SPSS version 19.0
(Chicago, USA) was considered statistically significant.
Statistics are detailed in the supplemental material.

RESULTS

Anthropometry and Biochemical Baseline Characteristics and
Their Correlations to FABP4 and FABP5

The 125 participants were distributed into 4 categories
according the AHI score obtained by PSG: non-OSA (n = 18),
mild OSA (n = 33), moderate OSA (n = 24), and severe OSA
(n=50). Among OSA patients, 49 subjects did not meet criteria
for CPAP treatment (including mild OSA patients and those
moderate OSA patients without cardiovascular risk factors
or ESS, < 10). CPAP treatment was prescribed to a total of
58 participants, 8 of whom were diagnosed with moderate
OSA with cardiovascular risk factors or ESS, > 10, and to all
50 participants with severe OSA criteria. Of these participants,
2 discontinued CPAP treatment and were excluded from the
follow-up study, and 8 participants declined to undergo the
follow-up study (Figure 1). Finally, 48 patients underwent
follow-up; among them, 7 had moderate OSA, and 41 had severe
OSA. The baseline characteristics of the study participants,
distributed according to the above-mentioned OSA categories,
are summarized in Table 1 and in Table S1. We observed a posi-
tive association between baseline circulating FABP4 levels
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and anthropometric variables and
glucose metabolism variables inde-

423 patients were assessed for eligibility

pendent of age, gender, BMI, and
insulin levels (Table 2). Although
FABPS5 levels were also associated
with weight and waist circumfer-
ence, their associations were weaker
(Table 2). FABP4 levels were more
strongly correlated with SAT than
FABPS5; however, only FABPS was

298 were excluded
+ 276 met exclusion criteria
- 182 cardiovascular disease
- 69 previously diagnosed chronic illness
- 22 bariatric surgery
- 3 severe alcoholism
+ 22 declined to participate

\/

significantly associated with PIF
(Table 2).

125 were eligible to enter the study

P N

Association of Circulating

107 OSA were included in

FABP4 and FABP5 with OSA 18 non OSA
Parameters
Baseline circulating

FABP4 levels were higher in OSA

the baseline analysis

e .

pa‘qents compared to non-OSA 58 met criteria for 49 did not meet criteria
patients (25.8 + 9.7 ug/L vs. CPAP treatment for CPAP treatment
19.1 £ 7.9 pg/L, P = 0.003) inde-

pendent of age, gender, BMI, and

insulin levels. Higher baseline 8 declined to continue the study |

levels of FABP4 were observed with

2 had CPAP intolerance

increasing OSA severity (overall

\/

P =0.017; Figure 2). FABPS levels
were similar in the non-OSA and

48 underwent 8-week CPAP treatment

OSA groups (P = 0.919) regard-
less of OSA severity (P = 0.641;

'

Figure2).
Moreover, baseline circulating

48 were included in the follow-up analysis

FABP4, but not FABPS5, levels
were associated with specific

. ressure.
OSA parameters independent of P

Figure 1—Flow-chart of the study design. OSA, obstructive sleep apnea; CPAP, continuous positive airway

confounding variables (Table 2).

Briefly, FABP4 at baseline was

positively correlated with the individual perception of daytime
somnolence (ESS,) (r = 0.288, P = 0.003) and the verification
of OSA alterations by PSG variables such as the AHI score
(r = 0.298, P = 0.002), the number of obstructive apnea and
hypopnea episodes (r=0.209,P=0.031 andr=0.312,P=0.001,
respectively), ODI (r = 0.246, P = 0.006), and sleep time with
SpO, levels <90% (r = 0.334, P < 0.001) and 85% (r = 0.317,
P = 0.001; Table 2). The association between baseline circu-
lating FABP4 levels and sleep time with SpO, levels < 90%
was increased after adjusting for of age, gender, and BMI
on both variables (r = 0.741, P < 0.001; Figure 3). Baseline
circulating FABP4 levels were also inversely correlated with
SpO, mean levels (r = -0.411, P < 0.001), FEV, (r = -0.565,
P < 0.001), and FVC (r = -0.622, P < 0.001). None of these
parameters were correlated with FABPS plasma concentrations
(Table 2 and Figure 3). Moreover, a binary logistic regression
analysis revealed that each increment of 1 unit in circulating
FABP4 accounted for a 10.8% increased risk of having OSA
(P = 0.010). Within OSA patients, an increment of 1 unit of
circulating FABP4 levels accounted for a 6.2% increased risk
of having severe OSA vs. mild OSA (P = 0.020). Both observa-
tions were independent of the age, gender, BMI, and insulin
values of the patients.
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Effect of CPAP Intervention on Circulating FABP4 and FABP5

At the end of the intervention study (8 weeks), adherence
to CPAP treatment was achieved by 83% of the participants
(n = 48) with a median of 6.0 (5.0-7.0) h per night and a mean
CPAP pressure of 8.9 + 2.0 cm H,0O

All the participants from the follow-up study showed
improvement in their daytime sleepiness reported by the ESS
score, and only 1 of those patients (2%) had an ESS score > 10 at
the end of the 8-week CPAP treatment period.

Anthropometry parameters (weight and BMI) changed
significantly after CPAP treatment (94.1 + 11.6 kg pre-CPAP
vs. 92.7 £ 11.5 kg post-CPAP, P =0.013, and 32.9 + 4.5 kg/m?
pre-CPAP vs. 32.5 + 4.5 kg/m? post-CPAP, P = 0.010, respec-
tively). However, no changes were observed regarding glucose
metabolism (data not shown).

The mean FABP4 concentration showed a decreasing trend
following CPAP treatment (28.4 = 9.1 pg/L pre-CPAP vs.
27.1 £ 3.8 ug/L post-CPAP, P = 0.442; Figure 4), and this reduc-
tion became significant when only the most severe patients (those
with a higher AHI score and sleep time with SpO, levels < 90%,
n = 14) were taken into consideration (30.7 £+ 9.3 ug/L pre-CPAP
vs. 27.7 + 4.4 ng/L post-CPAP, P = 0.026). Those patients allo-
cated to received CPAP despite not presenting daytime sleepiness
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Table 1—Baseline characteristics of the study population

Non OSA
Variable (n=18)
Age (years) 43 +10
Gender (F/M) 7M1
BMI (kg/m?) 271027
Neck circumference (cm) 38.6+3.9
Waist circumference (cm) 916+87
SAT, (mm) 102+5.1
VAT (mm) 14.1+£43
PIF (mm) 36.3+15.6
Diabetes (%) 0
Hypertension (%) 5.6
Smoking status (non-/current/ex-smoker, %) 72.2111.1116.7
ESS score 6.5+26
FEV, (I) 3308
FVC (1) 41+£09
FEV,/FVC 79.3+6.0
AHI score 1.0 (0.3-2.0)
Sleep time with SpO, < 90% (%) 0.1(0.0-0.2)
oDl 0.3 (0.1-0.6)
SpO, mean (%) 95.3 (94.0-96.2)

(25"-75" percentiles).

Mild OSA Moderate OSA Severe OSA
(n=33) (n=24) (n=50) P

50+ 10 52+ 10 50+ 10 0.028
6/27 4/20 8/42 0.191
29.7+52 30.3+3.9 337+52 <0.001
404+39 42.0+3.9 429+33 <0.001
1022+ 13.2 105.0 £ 11.1 1M11.0+£97 <0.001
11.0+44 11.8+54 114+£59 0.802
171145 16.4 £6.1 15.8 5.1 0.257
549+21.8 58.7 £23.1 719179 <0.001
9.1 8.3 12 0.496
39.4 29.2 46 0.017
39.4/121.2/39.4 41.7/20.8/37.5 28/24/48 0.092
99+50 8.8+47 10.7£5.0 0.010
3108 3006 28+08 0.318
40+1.0 4009 3710 0.393
770+6.2 757+7.2 762+87 0.487
9.7 (6.3-11.5) 22.2 (16.7-27.4) 64.7 (44.8-87.1)  <0.001
1.0(0.2-2.8) 4.9 (1.6-8.0) 14.0 (6.2-34.5) < 0.001
2.4 (0.9-5.8) 11.7 (7.3-18.9) 46.8 (24.1-75.2)  <0.001
94.5(93.6-95.3) 93.1(92.5-94.5) 92.2(90.2-93.2) <0.001

OSA, obstructive sleep apnea; BMI, body mass index; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; PIF, preaortic intraabdominal fat;
SBP, systolic blood pressure; DBP, diastolic blood pressure; ESS, Epworth Sleepiness Scale; FEV,, forced expiratory volume in the first second; FVC, forced
vital capacity; AHI, apnea-hypopnea index; SpO,, oxygen saturation; ODI, oxygen desaturation index. The results represent the mean + SD or the median
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Figure 2—Comparison of circulating FABP4 (white bars) and FABP5
(black bars) levels in the serum of the study participants at baseline
according to OSA severity. FABP4, adipocyte fatty acid-binding protein;
FABP5, epidermal fatty acid-binding protein; OSA, obstructive sleep
apnea. The results represent the mean and SD for FABP4 levels or the
median and 25%-75" percentiles for FABP5 levels. The FABP4 values
were adjusted for age, gender, BMI and insulin levels.

(ESS, < 10, n = 20), did not show statistically significant differ-
ences in their FABP4 levels in response to CPAP treatment
(26.0 = 8.5 pg/L pre-CPAP vs. 26.9 + 4.0 ug/L post-CPAP,
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P =0.218). The FABPS plasma concentrations after CPAP were
increased (5.7 [4.4-7.5 pg/L] pre-CPAP vs. 7.4 [6.3-9.4] ng/L
post-CPAP, P < 0.001; Figure 4).

DISCUSSION

OSA is strongly associated with metabolic syndrome altera-
tions such as hypertension, dyslipidemia, insulin resistance,
obesity, and increased cardiovascular risk,”’ and FABPs are
emerging cardiometabolic risk biomarkers. Our main result is
that FABP4 and FABPS show different biological behaviors in
the context of OSA. While FABP4 is correlated with OSA pres-
ence and severity and its levels decrease with treatment only
in the most severe patients, FABPS is not associated with OSA
parameters and shows increased expression after CPAP.

OSA shares common pathological pathways with that of
metabolic syndrome components, particularly obesity and its
associated lipid and glucose metabolism alterations, as well
as with subclinical inflammatory and prooxidant status.”® The
circulating FABPs released from the adipose tissue, both from
adipocytes and macrophages, have been related to metabolic
alterations, with stronger evidence for FABP4. We observed
that OSA patients have increased FABP4 values. This observa-
tion is in accordance with a previous publication in the Chinese
population.”” Moreover, our data extend this observation by
showing that FABP4 plasma levels increase significantly with
OSA severity. The amount of circulating FABP4 is strongly
linked to the quantity of adipose tissue, mainly the SAT.”
However after adjusting the data for BMI and waist circum-
ference the correlation between both sleep time with SpO,
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levels < 90% and FABP4 remained highly significant. Because
FABP4 exhibits higher expression in SAT, the impact of fat on
FABP4 is mainly observed in women; however, our popula-
tion was 80% men. These observations suggest that the OSA
and FABP4 correlation is highly fat independent. The asso-
ciation between FABPS5 and corporal adiposity is different.
In this cohort of OSA patients, FABP5 showed a weak asso-
ciation with SAT but a strong correlation with PIF. Therefore a
different fat distribution could explain some of the differences
between FABPs. Another possibility to take into consideration
is that OSA itself could contribute to FABP4 secretion. Both
FABP4 and FABPS are expressed in lung tissues, mainly in
alveolar macrophages.”® FABP4 is also synthesized in peribron-
chial endothelial cells.? Therefore, a direct pulmonary effect
of hypo-oxygenation in OSA patients leading to increased
FABP4, but not FABPS, production cannot be ruled out. More-
over, the FABP changes were independent of BMI supporting
a direct effect associated with OSA alterations. The impact of
sleep abnormalities, such as apnea and hypoxia, on the sympa-
thetic system could be implicated in the observed metabolic
alterations. Surprisingly, CPAP treatment had different effects
on FABP4 and FABPS levels. It was expected that the plasma
concentrations of both FABP would decrease after improving
oxygenation; however, only FABP4 decreased significantly in
these more severe patients, which is in accordance with that
previously published data by Sovova et al.'” Moreover, the
FABP4 levels of those patients that fulfilled the criteria for
CPAP treatment but who did not present clinical daytime sleep-
iness were not altered after the 8-week CPAP treatment. Barbé
et al. have previously demonstrated that CPAP prescription in
OSA patients without daytime sleepiness does not reduce the
incidence of cardiovascular events.*

Regarding FABPS, CPAP treatment produced an enhance-
ment of its circulating levels. This phenomenon may be
explained by recent observations showing that FABPS, but
not FABP4, gene expression in adipose tissue is inhibited by

Table 2—Correlations of the adjusted FABP4* and FABP5 levels with
anthropometic, biochemical and polysomnographic variables at baseline

FABP4 FABP5
Variable r P r P

Weight 0.458 <0.001 0.202  0.037
Height -0.460 <0.001 0.025 0.797
Neck circumference 0.185  0.056 0.080 0.413
Waist circumference 0.623 <0.001 0.261  0.007
SAT 0432 <0.001 0.215  0.027
VAT 0.087  0.378 0.117  0.231
PIF 0.177  0.081 0.210  0.038
ESS, score 0.288  0.003 -0.011 0912
FEV, -0.565 <0.001 0128  0.208
FVC -0.622 <0.001 0.078  0.448
FEV./FVC 0.033  0.748 0127 0211
AHI score 0.298  0.002 -0.012  0.902
Number of obstructive 0.209  0.031 0.000  1.000
apneas

Number of hypopneas 0.312  0.001 -0.043  0.659
Sleep time with 0.334 <0.001 0126  0.196
Sp0, <90%

oDl 0.246  0.006 0.033 0.716
SpO, mean -0411  <0.001 -0.106  0.277
FABP4 - - 0.238  0.013

FABP4, adipocyte fatty acid-binding protein; SAT, subcutaneous

adipose

tissue; VAT, visceral

adipose

tissue;

PIF, preaortic

intraabdominal fat; SBP, systolic blood pressure; DBP, diastolic blood
pressure; ESS, Epworth Sleepiness Scale; FEV,, forced expiratory
volume in the first second; FVC, forced vital capacity; AHI, apnea-
hypopnea index; SpO,, oxygen saturation; ODI, oxygen desaturation
index; GGT, y-glutamyl transferase. *The FABP4 values were adjusted
for age, gender, BMI and insulin levels unless when associations
among weight, height, neck circumference, waist circumference, SAT,

VAT, and PIF were studied.
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Figure 3—Association of sleep time with SpO, levels < 90% with circulating FABP4 or FABPS5 levels in the study population at baseline. FABP4, adipocyte
fatty acid-binding protein; FABP5, epidermal fatty acid-binding protein; SpO,, oxygen saturation. The FABP4 values were adjusted for age, gender, BMI, and
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_ 40 CPAP treatment in the most severe
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—_ patients, suggesting that FABP4 is
35 [ 30 associated with alterations that occur
during OSA. Although metaboli-
= 30 12 g cally complimentary to FABP4,
g o | FABPS5 levels are not correlated
5 27 * 10 ':2 with OSA, most likely because of
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151 L, different associations with body fat
r distribution.
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Figure 4—Effect of CPAP treatment on circulating FABP4 (circles) and FABP5 (squares) levels in OSA
patients. CPAP, continuous positive airway pressure; FABP4, adipocyte fatty acid-binding protein; FABPS,
epidermal fatty acid-binding protein; OSA, obstructive sleep apnea. The results represent mean and the SD
for FABP4 levels or the median and 25"-75" percentiles for FABP5 levels. The FABP4 values were adjusted
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study protocol was approved by our

hypoxia.*' Accordingly, improving oxygenation could lead to
higher FABPS production in fat. Moreover, FABP5 concentra-
tions were correlated with PIF; and when FABPS5 concentrations
were adjusted according to PIF, there was a significant inverse
correlation between OSA severity and FABPS levels. The impact
of CPAP on body adiposity has been addressed in some studies,
with inconsistent results. Our data are in accordance with those
of other studies®? suggesting an effect on body weight.

In our population, there was a significant correlation between
baseline circulating FABP4 and sleep time with SpO, levels
below 90%. In vitro studies have shown that oxidative prod-
ucts promote FABP4 upregulation.® The repeated episodes
of deoxygenation and reoxygenation in OSA, which induce
oxidative stress, contribute to inflammation and end-organ
injury, thereby leading to the increased cardiovascular risk
associated with OSA.?" It has been reported that circulating
FABP4 directly interferes with myocardial cell function by
reducing their contractibility,®® and some preliminary data
suggest that FABP4 could alter endothelium function'é; there-
fore, FABP4 might contribute to the increased vascular risk
observed in OSA.

Limitations of the Study

We did not perform a second PSG after CPAP treatment; thus,
we could not establish a correlation between FABP changes and
clinical evolution. The only clinical measure of the effect of CPAP
treatment in OSA patients used in this study was EES, which is
also commonly used in clinical practice, and its evolution was
associated with changes in FABP4 expression. The sample size,
particularly in the intervention study, was rather small, compli-
cating the statistical significance of any changes. Fat distribution
was studied by ultrasonography, providing only a partial assess-
ment of total fat distribution. BMI differences between the OSA
and non-OSA patients hindered interpretation of the results.

CONCLUSIONS
Increases in FABP4 expression are associated with OSA
presence and severity, and FABP4 levels decrease following
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SUPPLEMENTAL MATERIAL

METHODS

Sleep Studies

An oronasal thermistor was used to identify the absence of
flow rate during respiratory apnea events. The measurement of
nasal cannula pressure was used for the coding of hypopnea.
If the signals were lost, alternative measurements included
the following: for apnea, nasal cannula, and hypopnea by
the thermistor. An oximeter, based on a 4-beat exponential
average (PureLight technology of NONIN MEDICAL, Inc.,
Plymouth, Minnesota, USA), was used. Respiratory move-
ment belts were based on inductive technology. Manual
scoring of sleep and respiratory events was performed
by trained personnel, according to the standard criteria.'?
Apnea was defined as an absence of airflow > 10 seconds,
and hypopnea was defined as an airflow reduction (> 50%)
lasting > 10 seconds, with > 3% decrease in oxygen desat-
uration. Obstructive sleep apnea was defined as an apnea-
hypopnea index (AHI) score > 5 events per hour. We included
a manual overview of ODI events. ODI was assessed at 3%
desaturation. CPAP titration was performed using an auto-
CPAP device, following a validated protocol.’

Laboratory Analysis

Blood was collected in EDTA, citrate and serum tubes at
08:00 after a 10-h overnight fast. The blood tubes were centri-
fuged at 3000 rpm for 10 minutes at 4°C within 1 h, and plasma

and serum were obtained. Lipids, GGT, HbAlc, and creatinine
were analyzed immediately; and plasma and serum aliquots
were stored at -80°C until the FABP4, FABP5 and insulin anal-
yses were performed.

Statistical Analysis

The normality distribution was assessed using the
Kolmogorov-Smirnov test. A log-transformation was performed
before the analyses when the variables exhibited a skewed
distribution. The data are presented as the means + SDs or the
median (25"-75" percentiles) as appropriate for continuous vari-
ables (normally or non-normally distributed, respectively) and
as frequencies for categorical variables. The Mann-Whitney U
or y* test was used to compare continuous or categorical vari-
ables between groups. Spearman correlation tests were used
to analyze bivariate associations. The effects of confounding
variables on FABP4 expression (variables strongly correlated
with FABP4 levels) were excluded by adjusting FABP4 levels
for age, sex, BMI, and insulin levels, using a regression lineal
model. The CPAP effect was analyzed using Wilcoxon signed-
rank test. Logistic regression analyses were conducted to eval-
uate the associations of FABP4 and FABPS with the presence
and severity of OSA. Tertiles of the AHI score (1 to 3) and sleep
time with SpO, levels < 90% (1 to 3) were calculated in the
patients on CPAP treatment. Both variables were fused into a
single variable (2 to 6) to identify the most severe patients, who
were defined as the patients with higher scores (5-6).

Table $1
Non OSA Mild OSA Moderate OSA Severe OSA
Variable (n=18) (n=33) (n=24) (n=50) P
SBP (mm Hg) 123+£10 124 £13 126 + 13 133+£19 0.107
DBP (mm Hg) 729 76 + 11 7713 79+13 0.157
FEV, (%) 96.6 + 16.4 89.6+16.4 86.6 £ 15.1 81.1+184 0.038
FVC (%) 96.6 + 16.8 88.9+13.8 86.7 £ 13.4 81.0+17.9 0.030
Sleep time with SpO, < 85% (%) 0 0(0.0-0.0) 0 0(0.0-0.2) 0.5(0.0-1.5) 3 2(0.9-11.3) <0.001
Fasting blood glucose (mmol/L) 1(4.95.3) 5.3 (4.9-5.7) 5.6 (5.2-6.1) .5(5.1-6.0) 0.013
HbA, (%) 2(4.9-5.4) 5. (5.1-5.7) 5.6 (5.4-5.8) 6 (5.3-6.0) 0.001
Fasting insulin (mU/mL) .0(4.3-8.2) 6 (4.6-11.3) 7.6 (5.6-10.9) 10 3(7.3-19.4) 0.001
HOMA-IR 1(1.0-1.9) 1 9 (1.1-2.7) 1.9 (1.4-3.1) 2.5(1.7-6.0) <0.001
Total cholesterol (mmol/L) 5.0 +038 50£0.8 50+1.1 51+£09 0.644
LDL-cholesterol (mmol/L) 34+08 35+£07 3309 35+£09 0.599
HDL-cholesterol (mmol/L) 1.2%0.2 1.1£03 1.2+0.3 1.0£0.2 0.022
Triglycerides (mmol/L) 1.0 (0.7-1.3) 1.3(0.9-2.0) 1.2(0.7-1.7) 1.2 (1.0-1.6) 0.071
Creatinine (mmol/L) 75+17 80+13 76+13 75+18 0.208
GGT (mKat/L) 0.33(0.17-0.53) 0.48 (0.33-0.55) 0.44 (0.26-0.58) 0.50 (0.33-0.78) 0.039
FABP4 (ug/L)* 19179 22.9+10.0 244+7.2 28.5+10.0 0.001
FABP5 (uglL) 5.6 (4.4-9.8) 5.7 (4.9-7.8) 5.7 (4.9-9.3) 5.8 (4.2-7.4) 0.812
OSA, obstructive sleep apnea; SBP, systolic blood pressure; DBP, diastolic blood pressure; FEV,, forced expiratory volume in the first second; FVC, forced
vital capacity; SpO,, oxygen saturation. HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment insulin resistance index; LDL, low density
lipoprotein; HDL, high density lipoprotein; GGT, y-glutamyl transferase; FABP4, adipocyte fatty acid-binding protein; FABP5, epidermal fatty acid-binding
protein. The results represent the mean + SD or the median (25th-75th percentiles). “The FABP4 values were adjusted for age, gender, BMI and insulin levels
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Table S2
FABP4 FABP5
r P r P
Age 0.257 0.004 -0.064 0.481
Gender -0.466 0.001 -0.128 0.155
BMI 0.512  <0.001 0.152 0.091
Insulin 0.371 <0.001 0.122 0.178
RESULTS

Circulating FABP4 levels, but not FABPS5 levels, were
significantly correlated with age, sex, BMI and insulin levels
(Table S2).

We studied SAT, VAT, and PIF because FABP4 is closely
associated with total fat amounts, particularly SAT, which was
confirmed in this group of patients. VAT and SAT, assessed by

SLEEP, Vol. 36, No. 12, 2013

1837B

ultrasonography, were measured in the xiphoid region and were
not correlated with the total fat amount but provide an idea of
relative proportions. PIF was more clearly associated with total
visceral fat. In our study, BMI was positively correlated with
SAT (r=0.378, P <0.001), VAT (r = 0.320, P < 0.001) and PIF
(r=0.675,P <0.001).
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