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IGFBP4 is the smallest member of the insulin-like growth factor binding protein family (IGFBP). It is a hepatic protein that plays a
role in modulating the activity and bioavailability of IGF-I. The expression of IGFBP4 was found to increase under conditions of
hypoxia. Obstructive sleep apnea (OSA) is a common disorder, characterized by cyclic episodes of intermittent hypoxia and
fragmented sleep. Our aim was to quantify levels of circulating IGFBP1, IGFBP2, IGFBP3, IGFBP4, and IGFBP7 in fasting
plasma samples of 69 Kuwaiti participants and explore its correlation with indices of OSA. The quantification was performed
using multiplexing assay. The study involved 28 controls and 41 patients with OSA. Levels of circulating IGFBP4 were
significantly higher in people with OSA (289:74 ± 23:30 ng/ml) compared to the control group (217:60 ± 21:74 ng/ml, p = 0:028
). The increase in IGFBP4 correlated significantly and positively with AHI (r = :574, p = :01) and AI (r = :794, p = :001) in
people with moderate and severe OSA. There was a significant decline in circulating IGFBP4 after 3 months of surgery
(225:89 ± 18:16 ng/ml, p = 0:012). This was accompanied by a prominent improvement in OSA (AHI 8:97 ± 2:37 events/h, p =
0:001). In this study, our data showed a significant increase in circulating IGFBP4 in people with OSA. We also report a
significant positive correlation between IGFBP4 and indices of OSA at baseline, which suggests IGFBP4 as a potential
diagnostic biomarker for OSA. There was a significant improvement in OSA after 3 months of surgical intervention, which
concurred with a significant decline in IGFBP4 levels. Altogether, the detected change suggests a potential link between
IGFBP4 and OSA or an OSA-related factor, whereby OSA might play a role in triggering the induction of IGFBP4 expression.

1. Introduction

Obstructive sleep apnea (OSA) is a chronic sleep disorder
that features fragmented sleep. It is characterized by having
repeated episodes of airflow cessation (apnea) or airflow
reduction (hypopnea), which leads to intermittent hypoxia
(i.e., a decline in oxyhemoglobin saturation), interrupted
sleep, and augmented heart rate oscillations, intrathoracic
pressure, and hypertension [1, 2]. The chronic presence of

these disruptions activates various pathological mechanisms
that would elicit vascular damage and might play a role in
the development of cardiovascular morbidities [1, 3]. OSA
is a common disorder that is mostly prevalent among people
with obesity [1] and has been associated with diabetes and
cardiovascular disease (CVD) [4].

OSA treatment options involve lifestyle modifications,
weight reduction, and the use of surgical procedures or
external therapies that help keeping an open airway during
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sleep. Continuous positive airway pressure (CPAP) is the
primary treatment as it was one of the first discovered and
yielded the fastest recovery rates; however, its effectiveness
depends on having a consistent use, and both compliance
rates and consistency are highly compromised [5, 6], espe-
cially for those with minimal symptoms. Studies found
weight loss to concur with a reduced apnea-hypopnea index
(AHI) that indicates an abated severity and improved apnea
symptoms in people with obesity and OSA [7, 8]. Weight-
loss surgeries proved to be a better option for a rapid and
efficient weight reduction. Therefore, in a meta-analysis pro-
tocol for bariatric surgery, the consideration of a surgical
weight-loss procedure was strongly recommended for treat-
ing people with obesity and OSA [9]. Although the loss of
excess weight per se is an important factor to relieve symp-
toms of OSA, ENT surgical intervention is one of the
methods employed for OSA management that demonstrate
being effective. These surgeries mitigate symptoms of OSA
by enlarging and stabilizing the upper airway to reduce
upper airway obstruction [10]. ENT procedures involve
nasal, palate, tongue, and maxilla-mandibular surgeries
[11]. Adenotonsillectomy and tonsillectomy are the most
common procedures performed as an initial therapy in pedi-
atric OSA, while nasal surgeries, uvulopalatopharyngoplasty,
and tongue-based surgeries are the first-line OSA treatment
in adults [12]. Nonetheless, OSA involves one or more upper
airway levels. Thus, a multilevel sleep surgery (MLS) in a
single-stage procedure has been developed as a surgical
treatment method for OSA patients that require surgery,
with a success rate reaching 60% [13, 14]. While postsurgery
improvement is evident, the mechanisms/biochemical fac-
tors that are related to OSA and involved in the postsurgery
improvement are yet to be identified.

The family of insulin-like growth factor binding pro-
teins (IGFBPs) comprises a group of high-affinity binding
proteins (IGFBP1–IGFBP6) [15]. An additional member
is IGFBP-related protein-1 (IGFBP-rp1), which possesses
up to 45% similarity to other IGFBPs and is better known
as IGFBP7 [16]. Although highly similar, IGFBP7 differs
in lacking the conserved c-terminus cysteines and having
a reduced affinity for IGF-I but a strong affinity to insulin
[17]. These proteins play a critical role in the GH/IGF sys-
tem, by regulating the bioavailability and modulating the
signaling of insulin-like growth factor (IGF) ligands [15].
The GH/IGF system and IGFBPs are influenced by sleep
and sleep disordered breathing [18]. This suggests a poten-
tial involvement of IGFBPs in OSA or its related mecha-
nisms. Members of the IGFBP family are involved in
various cellular processes such as cell proliferation, differ-
entiation, migration, and apoptosis, which explain their
contribution to various physiological and pathological pro-
cesses [15, 19].

The hepatic IGFBP1 is involved in various processes like
insulin sensitivity [20], glucose regulation [20], and cardio-
vascular pathophysiology [20, 21]. The expression of
IGFBP1 is raised at stressful conditions such as hypoxia
and starvation to limit the activity of IGFs and consequently
reduce the rate of growth and development [19]. Regulating
cell growth and apoptosis was also reported with IGFBP3,

which is the most abundant protein of the IGFBP family
[22]. Low levels of circulating IGFBP3 have been associated
with an increased CVD risk and higher mortality [23, 24].
In relation to OSA, the severity of sleep apnea (indicated
by AHI score) correlated negatively with IGF-I levels, which
was independent of BMI and age [18, 25]. The importance of
IGFBP3 was emphasized by showing a link between
decreased levels of circulating IGFBP3 and growth retarda-
tion in children with OSA [26]. IGFBP4, the smallest mem-
ber of the IGFBPs, is thought to have a complex activity that
is cell type and tissue-specific [27]. Studies have reported a
critical role for IGFBP4 in vascular tissue physiology and
pathophysiology, where it functioned as a regulator of
smooth muscle cell proliferation [15, 27, 28]. This impli-
cated a potential involvement of IGFBP4 in an OSA-
induced effect.

This study is aimed at measuring circulating levels of
IGFBPs in adult OSA patients and comparing them to con-
trol participants. We also investigated the association
between IGFBPs and OSA indicators in adults to identify
novel biomarkers. Additionally, we explore the use of surgi-
cal interventions as a treatment option and its effect on OSA
and IGFBP levels.

2. Materials and Methods

2.1. Study Population and Design. The study involved a total
of 69 participant; of these, 41 with OSA indicated by AHI > 5
events/h, and 28 were control defined by AHI < 5 events/h.
Type I polysomnography (PSG) test was performed in level
1 sleep laboratory to determine the presence of sleep apnea.
Participants were matched for age and body mass index
(BMI). Inclusion criteria were those who underwent MLS
and completed a preoperative and postoperative level 1 poly-
somnography (PSG), preoperative and postoperative
Epworth Sleepiness Scale (ESS), and preoperative and post-
operative blood metabolites, and we recorded their medical
history and patient’s data, such as BMI. The study excluded
people with CVDs, diabetes, and a history of any major ill-
ness. Study approval was obtained by the Ethical Review
Board of Dasman Diabetes Institute (DDI), and it was con-
ducted in accordance with the ethical guideline outlined in
the Declaration of Helsinki. Written consents were obtained
from all participants prior to their enrollment in the study.

2.2. Biochemical and Anthropometric Measurements. Fasting
blood samples were obtained from all participants. Plasma
was extracted from blood samples collected in vacutainer
(EDTA tubes), after 400 × g centrifugation for 10min. Col-
lected plasma samples were aliquoted and stored at -80°C
until assayed. Blood pressure was measured by the Omron
HEM-907XL digital sphygmomanometer. The final reading
represented the average of three consecutive readings. Fast-
ing blood glucose (FBG), serum total cholesterol (TC),
low-density lipoprotein (LDL), high-density lipoprotein
(HDL), and triglycerides (TG) were measured by Siemens
Dimension RXL chemical analyzer (Diamond Diagnostics,
Holliston, MA, USA). Hemoglobin A1c was quantified by
the Variant™ device (Bio-Rad, Hercules, CA).
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2.3. OSA Assessment and Surgery. The study population was
diagnosed using Type I PSG test as detailed [29]. This test
involves an overnight sleep in a sleep lab, during which bio-
physiological data was captured to formulate a comprehen-
sive picture of participants’ sleep architecture. Type I PSG
includes monitoring blood oxygen levels, breathing patterns,
brain activity (EEG), eye movement (EOG), heart rhythm
(ECG), and skeletal muscle activity (EMG) during sleep.
Data reflecting airflow and respiratory effort is used to calcu-
late the apnea-hypopnea index (AHI). The apnea index (AI)
indicated the number of events at which respiration is
completely ceased for >10 sec/h, while hypopnea index
(HI) reflected the number of partial airway obstruction
events per hour. Diagnosis of OSA is based on participant’s
AHI score, where a score of >5 events/h of sleep is defined as
an abnormal respiratory function during sleep. The presence
of a high AHI score and its occurrence with excessive day-
time sleepiness indicated a positive case of OSA. AHI score
is used to evaluate the severity of OSA, with AHI score of

5 to 15 events/h reflected mild OSA, AHI of 15–30 events/h
indicated a moderate level, and AHI score > 30 events/h
defined a condition of sever OSA [30]. During sleep study
(polysomnography) and while the patient is asleep, the oxy-
gen saturation was measured using pulse oximetry. Pulse
oximetry records oxygen saturation and heart rate levels of
patients overnight while asleep. The average of pre- and
postsurgery oxygen saturation (%) was used for analysis.
All participants that underwent surgeries were carefully
selected, and an individualized procedure was performed
for each participant. All surgeries involved tonsillectomy in
addition to other corrections such as the nasal cavity, naso-
pharynx, and/or hypopharynx depending on the cause of
upper-airway collapse.

2.4. IGFBP Quantitative Assays. Levels of IGFBP1, IGFBP2,
IGFBP3, IGFBP4, and IGFBP7 were determined by the Mag-
netic Luminex Assay kit (R&D Systems Europe, Ltd, Abing-
don, UK) following the manufacturer’s protocol.

Table 1: Clinical and anthropometric characteristics of participants at baseline.

Variable
Non-OSA (N = 28) OSA (N = 41)
Average ± SEM Average ± SEM p value

Age (years) 43:50 ± 2:03 40:41 ± 1:68 0.246

Gender 23 (82.1%)/5 (17.9%) 34 (82.9%)/7 (17.1%) 0.933

Weight (kg) 85:28 ± 3:51 89:06 ± 2:30 0.372

Height (cm) 172:36 ± 1:80 171:48 ± 1:13 0.682

BMI (kg/m2) 28:59 ± 0:99 30:18 ± 0:63 0.181

Pulse 73:21 ± 2:37 77:87 ± 1:74 0.119

SBP (mmHg) 125:04 ± 2:28 125:89 ± 2:18 0.786

DBP (mmHg) 74:75 ± 1:62 74:13 ± 1:66 0.790

ESS 2:58 ± 0:54 13:45 ± 1:30 <0.001∗∗

AHI (events/h) 2:20 ± 0:25 21:03 ± 2:54 <0.001∗∗

AI (events/h) 1:00 ± 0:19 4:23 ± 1:29 0.019∗

HI (events/h) 1:20 ± 0:25 17:25 ± 2:13 <0.001∗∗

T. Chol (mmol/L) 4:98 ± 0:19 5:09 ± 0:19 0.681

HDL (mmol/L) 1:25 ± 0:07 1:08 ± 0:04 0.037∗

LDL (mmol/L) 3:16 ± 0:18 3:33 ± 0:18 0.525

TG (mmol/L) 1:25 ± 0:11 1:51 ± 0:15 0.178

GLU (mmol/L) 5:85 ± 0:33 5:92 ± 0:20 0.864

HbA1c (%) 5:86 ± 0:23 5:84 ± 0:13 0.939

WBC (109/L) 6:58 ± 0:39 7:07 ± 0:30 0.335

C-pep (pmol/L) 2514:62 ± 291:03 3633:65 ± 293:32 0.009∗∗

Insulin (U/L) 7:46 ± 0:91 10:93 ± 1:32 0.035∗

IGFBP1 (ng/ml) 14687:01 ± 2692:49 10695:42 ± 1510:3 0.203

IGFBP2 (ng/ml) 269837:02 ± 31643:27 213922:55 ± 12632:2 0.139

IGFBP3 (ng/ml) 721032:70 ± 40291:55 756438:94 ± 30196:72 0.485

IGFBP4 (ng/ml) 217:60 ± 21:75 289:74 ± 23:30 0.028∗

IGFBP7 (ng/ml) 20307:47 ± 1240:38 18822:84 ± 1201:21 0.400

Data aremean ± standard errormean; SBP: systolic blood pressure; DBP: diastolic blood pressure; ESS: Epworth Sleepiness Scale; AHI: apnea-hypopnea index;
AI: apnea Index; HI: hypopnea index. ∗p < 05; ∗∗p < 01, indicating high statistical difference.
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2.5. Statistical Analysis. All descriptive statistics for continu-
ous variables between people with and without OSA were
done using Student’s t-test and reported as mean ± standard
errormean. A paired t-test was used to determine the signifi-
cance of differences inmeans within each group between base-
line and 3 months postsurgery. A chi-square test was used to
compare the gender between people with and without OSA.
Correlation between variables was calculated by Pearson cor-
relation coefficient, with a p value <0.05 indicating statistical
significance. Univariate and multivariate linear regression
analysis was done for all population with and without OSA
to predict the variables associated with IGFBP4. All statistical
analysis was performed using SPSS for Windows version 25.0
(IBM SPSS Inc., USA).

3. Results

3.1. Study Population Characteristics. Table 1 summarizes
the general characteristics of our study population. The
study groups were classified into control and OSA groups
that were age and BMI matched. Control participants had
a mean age of 5 year, while participants with OSA had a
mean age of 43 ± 2 years (p = 0:246). The mean BMI in the
control group was 28:59 ± 0:99 kg/m2, while OSA partici-
pants had a BMI of 30:2 ± 0:63 kg/m2 (p = 0:181). There
was no significant difference in parameters of the lipid pro-
file comparing control group with the OSA group, and this

included levels of total Chol, TG, and LDL with the excep-
tion of HDL where people with OSA showed a significantly
reduced HDL levels 1:08 ± 0:04mmol/L (p = 0:037) com-
pared to the control group 1:25 ± 0:07mmol/L (Table 1).

3.2. Polysomnography for OSA Diagnosis. The AHI score was
used to diagnose people with OSA and classify patients into
three subgroups according to OSA severity, i.e., mild, mod-
erate, and severe. People with OSA had significantly higher
OSA indices score compared to the control participants.
This is demonstrated as higher apnea (AI), hypopnea (HI),
and AHI scores in people with OSA compared to the control
that is presented in Table 1.

3.3. Baseline Levels of Plasma IGFBPs. Levels of plasma
IGFBPs were different between people with OSA and control
participants (Table 1). Although not significant, people with
OSA showed lower level of IGFBP1 and IGFBP2 compared
to their levels in the control group (Figure 1). There was a
slight rise in IGFBP3 and IGFBP7 in people with OSA com-
pared to the control group; however, the difference was
insignificant. Levels of IGFBP4 were significantly higher in
people with OSA, compared to the control group.

3.4. IGFBP4 Is an Independent Predictive Marker for People
with OSA. Pearson’s correlation analysis for people with
OSA, without OSA, and all population combined was
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Figure 1: Comparing baseline levels of circulating IGFBPs in people with and without OSA. (a) IGFBP1 showed no significant difference
(p = 0:203) between people with OSA (10695:42 ± 1510:3ng/ml) and control (14687:01 ± 2692:49ng/ml). (b) IGFBP2 levels were not
significantly different (p = 0:139) comparing people with OSA (213922:55 ± 12632:2ng/ml) and control (269837:02 ± 31643:27ng/ml). (c)
Levels of IGFBP3 are comparable between people with OSA (756438:94 ± 30196:72ng/ml) and control (721032:69 ± 40291:55ng/ml). (d)
Circulating IGFBP4 was significantly higher (p = 0:008) in people with OSA (253:65 ± 20:46ng/ml) compared to control (173:35 ± 20:86
ng/ml). (e) IGFBP7 levels showed no difference (p = 0:234) between OSA (18822:84 ± 1201:21ng/ml) and control (17622:79 ± 1810:54ng/ml).
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conducted to investigate the correlation between IGFBP4
and OSA indices (Table 2). We found a significant and pos-
itive correlation between the increase in IGFBP4 at baseline
with AHI (r = :575, p < 0:001), AI (r = :703, p < 0:001),
HbA1c (r = 0:501, p = 0:003), and WBC (r = 0:380, p =
0:026) and an inverse correlation with O2 saturation
(r = −0:423, p = 0:033) and HDL (r = −0:378, p = 0:028) in
people with OSA. Variables that were significantly correlated
with IGFBP4 in OSA population and all population were
used for multiple stepwise regression analysis model. Multi-
ple stepwise regression analysis (Table 3) in OSA population
showed that AHI scores (β = 0:575, p = :001), HbA1c%

(β = 0:390, p = :007), and O2 saturation% (β = −0:417, p =
:021) were significant predictors of IGFBP4 (F1,40 = 9:417,
p = :006, and r2 = 22%). However, in all population
(Table 3), IGFBP4 marker is a significant predictor with
AHI scores (F1,68 = 6:493, p = :027, and r2 = 32%).

3.5. A Surgical Intervention Induced Improvement in AHI
Score and IGFBP4 Levels. To evaluate the effect of surgical
intervention on OSA, we studied changes after 3 months of
surgery. Patients demonstrated an improvement postsurgery,
which was reflected by a significant improvement in AHI
score (8:97 ± 2:3 events/h, p < 0:001, Figure 2). There was a
decline in HI score after 3 months of surgery (6:63 ± 1:99
events/h) but the change was not significant compared to
baseline score. In our study population, IGFBP4 was the only
protein showing a significant reduction (225:89 ± 18:16
ng/ml, p = 0:012) after 3 months of surgery (Figure 2). The
change in other IGFBPs after surgery was negligible (Table 4).

4. Discussion

OSA is increasingly becoming a major health problem that is
aggravated with the global increase in incidence of obesity,

Table 2: Pearson correlation between IGFBP4 and various variables in all study groups.

Variable
Non-OSA OSA All populations

r p value r p value r p value

Age (in years) -0.208 0.330 0.106 0.552 -.052 .700

Weight (kg) -0.114 0.594 0.376∗ 0.029 .209 .116

Height (cm) 0.080 0.710 0.308 0.076 .200 .133

BMI (kg/m2) -0.196 0.359 0.291 0.094 .142 .288

Pulse 0.024 0.913 0.117 0.522 .144 .288

SBP (mmHg) 0.014 0.949 0.195 0.285 .109 .423

DBP (mmHg) -0.054 0.803 0.183 0.315 .066 .629

ESS 0.142 0.696 -0.092 0.727 .145 .472

AHI (events/h) -0.296 0.170 0.575∗∗ 0.0001 .522∗∗ .0001

AI (events/h) 0.027 0.903 0.703∗∗ 0.0001 .649∗∗ .0001

HI (events/h) -0.316 0.142 0.399 0.054 .458∗∗ .001

T. Chol (mmol/L) -0.085 0.693 0.142 0.424 .089 .505

HDL (mmol/L) 0.024 0.911 -0.378∗ 0.028 -.242 .067

LDL (mmol/L) -0.101 0.638 0.152 0.398 .100 .459

TG (mmol/L) -0.015 0.943 0.220 0.211 .185 .163

GLU (mmol/L) -0.265 0.211 0.242 0.168 .047 .727

HbA1c (%) -0.264 0.212 0.501∗ 0.003 .169 .204

WBC (109/L) 0.047 0.827 0.380∗ 0.026 .310∗ .018

C-pep (pmol/L) 0.022 0.918 0.224 0.203 .241 .069

Insulin (U/L) 0.037 0.864 0.144 0.416 .182 .172

IGFBP1 (ng/ml) 0.040 0.763 0.060 0.736 .040 .763

IGFBP2 (ng/ml) 0.168 0.335 0.171 0.374 .168 .335

IGFBP3 (ng/ml) -0.043 0.751 -0.116 0.514 -.043 .751

IGFBP7 (ng/ml) 0.037 0.832 0.127 0.512 .037 .832

O2 saturation -0.089 0.616 -0.423∗ 0.033 -.211 0.083

Pearson coefficient (r); ∗p < :05; ∗∗p < :01, indicating high statistical difference.

Table 3: Multivariate stepwise linear regression analysis for
IGFBP4 predictors.

Variables
OSA group All population

β p value β p value

AHI 0.575 0.001 0.501 0.037

HbA1c 0.390 0.007 0.126 0.093

O2 saturation -0.417 0.021 -0.091 0.299

The following variables were included: age, gender, BMI, ESS, WBC, insulin,
AHI, O2 saturation, and HbA1c.
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diabetes, and CVD. In this study, we report a substantial
rise in levels of circulating IGFBP4 in people with OSA
compared to people without OSA. The rise in IGFBP4
correlated significantly and positively with OSA indices
and both FBG and HbA1c in people with OSA. Multivar-
iate linear regression analysis also presented IGFBP4 as a

marker for people with OSA. Collectively, our data sug-
gests a possible relationship between increased levels of
IGFBP4 and OSA in the current study. Treating OSA with
MLS concurred with a significant reduction in IGFBP4
levels, which further emphasized the link between IGFBP4
and OSA.
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Figure 2: A significant improvement in AHI and IGFBP4 after 3 months of surgical intervention. (a) A significant decline in AHI index
(10:7 ± 2:3 events/h, p = 0:013) after 3 months of surgery, reflecting a substantial improvement in OSA. (b) IGFBP4 showed a significant
reduction (225:89 ± 18:16 ng/ml, p = 0:012) after 3 months of surgery.

Table 4: Changes in clinical characteristics comparing baseline to 3 months postintervention.

Variable
Baseline (N = 41) Post 3 months (N = 41)
Mean ± SEM Mean ± SEM p value

Weight (kg) 89:06 ± 2:30 86:46 ± 2:73 0.178

Height (cm) 171:48 ± 1:13 170:40 ± 1:64 0.490

BMI (kg/m2) 30:18 ± 0:63 29:71 ± 0:78 0.166

Pulse 77:87 ± 1:74 76:81 ± 2:41 1.000

SBP (mmHg) 125:89 ± 2:18 124:62 ± 2:86 0.518

DBP (mmHg) 74:13 ± 1:66 77:19 ± 2:19 0.411

ESS 13:45 ± 1:30 3:35 ± 0:58 <0.001∗∗

AHI (events/h) 21:03 ± 2:54 10:77 ± 2:37 0.006∗∗

AI (events/h) 4:23 ± 1:29 0:21 ± 0:14 0.008∗∗

HI (events/h) 17:25 ± 2:13 4:54 ± 1:74 0.004∗∗

T. Chol (mmol/L) 5:09 ± 0:19 5:01 ± 0:25 0.664

HDL (mmol/L) 1:08 ± 0:04 1:11 ± 0:05 0.839

LDL (mmol/L) 3:33 ± 0:18 3:27 ± 0:26 0.682

TG (mmol/L) 1:51 ± 0:15 1:40 ± 0:09 0.789

GLU (mmol/L) 5:92 ± 0:20 5:88 ± 0:23 0.711

HbA1c (%) 5:84 ± 0:13 5:63 ± 0:11 0.334

WBC (109/L) 7:07 ± 0:30 6:21 ± 0:23 0.038∗

C-pep (pmol/L) 3633:65 ± 293:32 3202:32 ± 229:21 0.221

Insulin (U/L) 10:93 ± 1:32 9:49 ± 0:84 0.507

IGFBP1 (ng/ml) 10695:42 ± 1510:3 11407:10 ± 2218:27 0.678

IGFBP2 (ng/ml) 213922:55 ± 12632:2 201469:07 ± 14709:04 0.231

IGFBP3 (ng/ml) 756438:94 ± 30196:72 730163:84 ± 30757:08 0.435

IGFBP4 (ng/ml) 289:74 ± 23:30 249:13 ± 17:50 0.027∗

IGFBP7 (ng/ml) 18822:84 ± 1201:21 19315:96 ± 1199:77 0.439

Data aremean ± standard errormean; SBP: systolic blood pressure; DBP: diastolic blood pressure; ESS: Epworth Sleepiness Scale; AHI: apnea-hypopnea index;
AI: apnea index; HI: hypopnea index. ∗p < :05; ∗∗p < :01, indicating high statistical difference.

6 Disease Markers



Obstructive sleep apnea is the most prevalent form of
sleep-disordered breathing conditions affecting people with
obesity. People with OSA experience intermittent hypoxia
that is induced by repeated episodes of hypopnea and apnea.
Intermittent hypoxia has been found to promote oxidative
stress, systemic and vascular inflammation, and endothelial
dysfunction [31]. It was also reported to cause gradual pro-
gression of daytime hypertension and the consequent long-
term cardiovascular comorbidities. One of the systems
affected by OSA is the GH/IGF axis. Due to its circadian
rhythm, the activity of GH/IGF-I is influenced by disturbed
sleep patterns [32]. Previous studies showed that people with
obesity and OSA had an impaired GH/IGF-I axis function
[32]; however, the effect of OSA on this axis was lost with
increased age [33]. Ursavas et al. demonstrated that the pres-
ence of OSA per se was a risk factor for having low levels of
IGF-I [18]. In a similar manner to the GH/IGF-I axis,
IGFBPs are also governed by circadian regulatory mecha-
nisms [34] and they contribute substantially to regulating
the activity and bioavailability of IGF-I; thus, IGFBPs are
expected to be influenced by OSA.

A characteristic of OSA is the cyclic episodes of complete
or partial occlusion of the upper airway, leading to fragmen-
ted sleep, hypoxemia, and hypercapnia. The repeated events
of arousal and desaturation during sleep cause an intermit-
tent hypoxia/reoxygenation damage (IHR). Chronic hypoxia
is a key feature of OSA, and it can lead to pathophysiological
complications such as arterial hypertension [35], coronary
artery disease [36], myocardial infarction [37], or other car-
diovascular complications as atherosclerosis [38]. This is in
addition to various metabolic and cognitive consequences
and risk of cancer [37]. Previous studies reported increased
expression of IGFBP1, IGFBP3 [39], and IGFBP4 [40] in
response to hypoxia. However, the link between IGFBPs
and OSA is not clear [33]. In our study, levels of circulating
IGFBP3 did not differ between people with and without
OSA (Table 1), and IGFBP3 showed no association with
OSA indices (Table 3). This came in agreement with a previ-
ous report, which found no association between IGFBP1,
IGFBP3, and measures of OSA [33]. Nonetheless, we found
a significant increase in baseline levels of IGFBP4 in people
with OSA compared to the control group (Figure 1). Per-
forming corrective upper airway surgeries to treat OSA
relieved the obstructed airflow that improved hypoxic condi-
tions, and this might have contributed to the significant
reduction in circulating IGFBP4 (Figure 2). Additionally,
we found baseline IGFBP4 to be correlated with both FBG
and HbA1c in people with OSA (Table 3), which implicated
a potential link to glucose metabolism. Although IGFBP4
was not shown to contribute to glycemic control, other
IGFBPs were found to play a role in glucose homeostasis
[41]. At a state of obesity and insulin resistance, levels of
fasting IGFBP1 were significantly reduced and this func-
tioned as a predictive biomarker for developing abnormal
glucose regulation [41]. Additionally, IGFBP2 was presented
as a biomarker of insulin sensitivity and reduced levels of
circulating IGFBP2 correlated with insulin resistance [41].
On the other hand, an overexpression of IGFBP3 concurred
with impaired glucose tolerance [42, 43], and an increase in

IGFBP3 was associated with a higher risk of T2D in women
[44]. To the best of our knowledge, IGFBP4 was not previ-
ously linked to glycemic control indicators. Nonetheless, in
a study by Jacot and Clemmons, high glucose levels were
found to increase IGFBP4 proteolysis, which was proposed
as a regulatory mechanism to preserve the IGF-I hypoglyce-
mic effect, while insulin induced IGFBP4 mRNA expression
and caused a substantial rise in its protein level [45].

Previous studies showed a positive correlation between
IGFBP4 and age [28]. Nonetheless, in our study, the increase
in IGFBP4 was age independent, and it was limited to people
with OSA. The significant correlation with OSA indices sug-
gested IGFBP4 as a potential diagnostic marker. This finding
was supported by the logistic regression analysis (Table 3).
Additionally, the link between IGFBP4 and OSA was further
supported by the significant decline in IGFBP4 levels 3
months after MLS. The improvement in OSA status was
reflected by an improved AHI score (Figure 2(a)) that was
concomitant with a significant decline in levels of circulating
IGFBP4 (Figure 2(b)). The link between OSA and elevated
levels of IGFBP4 came in agreement with the upregulation
of IGFBP4 expression in response to hypoxia [40]. Accord-
ing to Minchenko et al., we would speculate a concomitant
rise in IGFBP4 and OSA severity due to increased hypoxia,
which is reflected in our data. The effect of hypoxia on
IGFBPs was previously reported with IGFBP7 in kidney dis-
ease. IGFBP7 is an acknowledged predictive biomarker of
acute kidney injury [46] that demonstrates increased levels
with conditions of hypoxia and atherosclerotic renal artery
stenosis due to decreased renal blood flow [47]. Additionally,
hypoxia was found to induce the expression of human
IGFBP1 gene by activating the hypoxia-inducible factor-1
(HIF-1) pathway [48].

Currently, our understanding of the physiological sig-
nificance of the increase in IGFBP4 level is limited. How-
ever, our data accentuated a potential role for IGFBP4 in
OSA, where OSA-induced hypoxia might be playing a role
in inducing a rise in circulating IGFBP4 levels. Although
IGFBP4 appears as a potential biomarker for the diagnosis
and prognosis of OSA, the functional significance of this
association is not clear, and further investigation is
required to elucidate the functional importance of IGFBP4
in OSA and its role (if any) in glycemic control. The main
limitation of this study is the limited number of partici-
pants dictated by the nature of our study with surgery
intervention.

5. Conclusions

In conclusion, we report a significant increase in circulating
IGFBP4 in a group of adults with OSA, and we present
IGFBP4 as an OSA biomarker. IGFBP4 correlated with
OSA indices at baseline, which propounds a potential link
between IGFBP4 and OSA or an OSA-related factor. Three
months following a corrective intervention, there was a sig-
nificant improvement in OSA, which concurred with a sig-
nificant decline in circulating IGFBP4. Although the
functional significance of this finding is obscure, it suggests
IGFBP4 as a biomarker for OSA-induced hypoxia. The
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repeated episodes of hypoxia/reoxygenation would induce a
chronic injury pathway, which might be counteracted by
increased expression of IGFBP4.

Data Availability

The datasets included in this study are not available for shar-
ing from the corresponding authors due to unpublished data
and ethical restrictions by the institute.

Disclosure

This article was available as a preprint on Research
Square [49].

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

Abdulmohsen Alterki and Eman Al Shawaf contributed
equally to this work.

Acknowledgments

This work was supported by the Kuwait Foundation for the
Advancement of Sciences (KFAS) under project number
RA-2015-043. The authors of this study acknowledge the
support and contribution of the Clinical Laboratory and
the Tissue Bank Core Facility at DDI. We are grateful for
the financial and logistic support provided by KFAS and
DDI to facilitate this research.

References

[1] P. E. Peppard, T. Young, J. H. Barnet, M. Palta, E. W. Hagen,
and K. M. Hla, “Increased prevalence of sleep-disordered
breathing in adults,” American Journal of Epidemiology,
vol. 177, no. 9, pp. 1006–1014, 2013.

[2] V. K. Somers, D. P. White, R. Amin et al., “Sleep apnea and
cardiovascular disease: an American Heart Association/Amer-
ican College of Cardiology Foundation Scientific Statement
from the American Heart Association Council for High Blood
Pressure Research Professional Education Committee, Council
on Clinical Cardiology, Stroke Council, and Council on Car-
diovascular Nursing,” Journal of the American College of Car-
diology, vol. 52, no. 8, pp. 686–717, 2008.

[3] A. S. Shamsuzzaman, B. J. Gersh, and V. K. Somers, “Obstruc-
tive sleep Apnea,” Journal of the American Medical Associa-
tion, vol. 290, no. 14, pp. 1906–1914, 2003.

[4] N. A. Shah, H. K. Yaggi, J. Concato, and V. Mohsenin,
“Obstructive sleep apnea as a risk factor for coronary events
or cardiovascular death,” Sleep & Breathing, vol. 14, no. 2,
pp. 131–136, 2010.

[5] T. E. Weaver, G. Maislin, D. F. Dinges et al., “Relationship
between hours of CPAP use and achieving normal levels of
sleepiness and daily functioning,” Sleep, vol. 30, no. 6,
pp. 711–719, 2007.

[6] J. S. Virk and B. Kotecha, “When continuous positive airway
pressure (CPAP) fails,” Journal of Thoracic Disease, vol. 8,
no. 10, pp. E1112–E1121, 2016.

[7] C. J. Lettieri, A. H. Eliasson, and D. L. Greenburg, “Persistence
of obstructive sleep apnea after surgical weight loss,” Journal of
Clinical Sleep Medicine, vol. 4, no. 4, pp. 333–338, 2008.

[8] A. Shechter, M.-P. St-Onge, S. T. Kuna et al., “Sleep archi-
tecture following a weight loss intervention in overweight
and obese patients with obstructive sleep apnea and type 2
diabetes: relationship to apnea-hypopnea index,” Journal of
Clinical Sleep Medicine, vol. 10, no. 11, pp. 1205–1211,
2014.

[9] Z. Dong, B. Y. Hong, A. M. Yu, J. Cathey, S. M. Shariful Islam,
and C. Wang, “Weight loss surgery for obstructive sleep
apnoea with obesity in adults: a systematic review and meta-
analysis protocol,” BMJ Open, vol. 8, no. 8, article e020876,
2018.

[10] S. M. Caples, J. A. Rowley, J. R. Prinsell et al., “Surgical modi-
fications of the upper airway for obstructive sleep apnea in
adults: a systematic review and meta-analysis,” Sleep, vol. 33,
no. 10, pp. 1396–1407, 2010.

[11] L. Sarkissian, L. Kitipornchai, P. Cistulli, and S. G. Mackay,
“An update on the current management of adult obstructive
sleep apnoea,” Australian Journal for General Practitioners,
vol. 48, no. 4, pp. 182–186, 2019.

[12] P. Pavwoski and A. V. Shelgikar, “Treatment options for
obstructive sleep apnea,” Neurology: Clinical Practice, vol. 7,
no. 1, pp. 77–85, 2017.

[13] B. T. Kotecha and A. C. Hall, “Role of surgery in adult obstruc-
tive sleep apnoea,” Sleep medicine reviews, vol. 18, no. 5,
pp. 405–413, 2014.

[14] T. Verse, “Update on surgery for obstructive sleep apnea syn-
drome,” HNO, vol. 56, no. 11, pp. 1098–1104, 2008.

[15] D. R. Clemmons, “Role of IGF-binding proteins in regulating
IGF responses to changes in metabolism,” Journal of Molecular
Endocrinology, vol. 61, pp. T139–TT69, 2018.

[16] Y. Oh, S. R. Nagalla, Y. Yamanaka, H. S. Kim, E. Wilson, and
R. G. Rosenfeld, “Synthesis and characterization of insulin-
like growth factor-binding protein (IGFBP)-7. Recombinant
human mac25 protein specifically binds IGF-I and -II,” The
Journal of biological chemistry, vol. 271, no. 48, pp. 30322–
30325, 1996.

[17] D. Sarkar, M. Akiel, D. Rajasekaran et al., “Emerging role of
insulin-like growth factor-binding protein 7 in hepatocellular
carcinoma,” Journal of Hepatocellular Carcinoma, vol. 1,
pp. 9–19, 2014.

[18] A. Ursavas, M. Karadag, Y. O. Ilcol et al., “Low level of IGF-1
in obesity may be related to obstructive sleep apnea syn-
drome,” Lung, vol. 185, no. 5, pp. 309–314, 2007.

[19] J. B. Allard and C. Duan, “IGF-binding proteins: why do they
exist and why are there so many?,” Frontiers in Endocrinology,
vol. 9, 2018.

[20] A. H. Heald, J. K. Cruickshank, L. K. Riste et al., “Close relation
of fasting insulin-like growth factor binding protein-1
(IGFBP-1) with glucose tolerance and cardiovascular risk in
two populations,” Diabetologia, vol. 44, no. 3, pp. 333–339,
2001.

[21] A. Rajwani, V. Ezzat, J. Smith et al., “Increasing circulating
IGFBP1 levels improves insulin sensitivity, promotes nitric
oxide production, lowers blood pressure, and protects against
atherosclerosis,” Diabetes, vol. 61, no. 4, pp. 915–924, 2012.

8 Disease Markers



[22] S. Jogie-Brahim, D. Feldman, and Y. Oh, “Unraveling insulin-
like growth factor binding Protein-3 actions in human dis-
ease,” Endocrine Reviews, vol. 30, no. 5, pp. 417–437, 2009.

[23] A. Juul, T. Scheike, M. Davidsen, J. Gyllenborg, and
T. Jørgensen, “Low serum insulin-like growth factor I is asso-
ciated with increased risk of ischemic heart disease: a
population-based case-control study,” Circulation, vol. 106,
no. 8, pp. 939–944, 2002.

[24] N. Friedrich, R. Haring, M. Nauck et al., “Mortality and serum
insulin-like growth factor (IGF)-I and IGF binding protein 3
concentrations,” The Journal of Clinical Endocrinology and
Metabolism, vol. 94, no. 5, pp. 1732–1739, 2009.

[25] S. P. Johnsen, H. H. Hundborg, H. T. Sørensen et al., “Insulin-
like growth factor (IGF) I, -II, and IGF binding protein-3 and
risk of ischemic stroke,” The Journal of Clinical Endocrinology
and Metabolism, vol. 90, no. 11, pp. 5937–5941, 2005.

[26] M. O. Lagravère, P. A. Zecca, A. Caprioglio, and R. Fastuca,
“Metabolic effects of treatment in patients with obstructive
sleep apnea: a systematic review,” Minerva pediatrica, vol. 71,
no. 4, pp. 380–389, 2019.

[27] L. W. Contois, D. P. Nugent, J. M. Caron et al., “Insulin-like
growth factor binding protein-4 differentially inhibits growth
factor-induced angiogenesis,” The Journal of Biological Chem-
istry, vol. 287, no. 3, pp. 1779–1789, 2012.

[28] R. Durai, M. Davies, W. Yang et al., “Biology of insulin-like
growth factor binding protein-4 and its role in cancer
(review),” International Journal of Oncology, vol. 28, no. 6,
pp. 1317–1325, 2006.

[29] A. Alterki, S. Joseph, T. A. Thanaraj et al., “Targeted metabo-
lomics analysis on obstructive sleep apnea patients after multi-
level sleep surgery,” Metabolites, vol. 10, no. 9, p. 358, 2020.

[30] N. M. Al Lawati, S. R. Patel, and N. T. Ayas, “Epidemiology,
risk factors, and consequences of obstructive sleep apnea and
short sleep duration,” Progress in Cardiovascular Diseases,
vol. 51, no. 4, pp. 285–293, 2009.

[31] N. A. Dewan, F. J. Nieto, and V. K. Somers, “Intermittent hyp-
oxemia and OSA: implications for comorbidities,” Chest,
vol. 147, no. 1, pp. 266–274, 2015.

[32] F. Lanfranco, G. Motta, M. A. Minetto, E. Ghigo, and
M. Maccario, “Growth hormone/insulin-like growth factor-I
axis in obstructive sleep apnea syndrome: an update,” Journal
of Endocrinological Investigation, vol. 33, no. 3, pp. 192–196,
2010.

[33] N. Shah, T. Rice, D. Tracy et al., “Sleep and insulin-like growth
factors in the cardiovascular health study,” Journal of Clinical
Sleep Medicine, vol. 9, no. 12, pp. 1245–1251, 2013.

[34] I. P. Amaral and I. A. Johnston, “Circadian expression of clock
and putative clock-controlled genes in skeletal muscle of the
zebrafish,” American Journal of Physiology. Regulatory, Inte-
grative and Comparative Physiology, vol. 302, no. 1,
pp. R193–R206, 2012.

[35] J. Hedner, K. Bengtsson-Boström, Y. Peker, L. Grote,
L. Råstam, and U. Lindblad, “Hypertension prevalence in
obstructive sleep apnoea and sex: a population-based case-
control study,” European Respiratory Journal, vol. 27, no. 3,
pp. 564–570, 2006.

[36] B. D. Kent, J. F. Garvey, S. Ryan, G. Nolan, J. D. Dodd, and
W. T. McNicholas, “Severity of obstructive sleep apnoea pre-
dicts coronary artery plaque burden: a coronary computed
tomographic angiography study,” The European Respiratory
Journal, vol. 42, no. 5, pp. 1263–1270, 2013.

[37] E. Sforza and F. Roche, “Chronic intermittent hypoxia and
obstructive sleep apnea: an experimental and clinical
approach,” Hypoxia, vol. 4, pp. 99–108, 2016.

[38] L. F. Drager, J. Jun, and V. Y. Polotsky, “Obstructive sleep
apnea and dyslipidemia: implications for atherosclerosis,”
Current opinion in endocrinology, diabetes, and obesity,
vol. 17, no. 2, pp. 161–165, 2010.

[39] R. M. Popovici, M. Lu, S. Bhatia, G. H. Faessen, A. J. Giaccia,
and L. C. Giudice, “Hypoxia regulates insulin-like growth
factor-binding protein 1 in human fetal hepatocytes in pri-
mary culture: suggestive molecular mechanisms for in utero
fetal growth restriction caused by uteroplacental insuffi-
ciency,” The Journal of Clinical Endocrinology and Metabo-
lism, vol. 86, no. 6, pp. 2653–2659, 2001.

[40] D. O. Minchenko, A. P. Kharkova, O. V. Halkin, L. L. Karbovs-
kyi, and O. H. Minchenko, “Effect of hypoxia on the expres-
sion of genes encoding insulin-like growth factors and some
related proteins in U87 glioma cells without IRE1 function,”
Endocrine Regulations, vol. 50, no. 2, pp. 43–54, 2016.

[41] N. J. Haywood, T. A. Slater, C. J. Matthews, and S. B. Wheat-
croft, “The insulin like growth factor and binding protein fam-
ily: novel therapeutic targets in obesity & diabetes,” Molecular
Metabolism, vol. 19, pp. 86–96, 2019.

[42] T. Modric, J. V. Silha, Z. Shi et al., “Phenotypic manifestations
of insulin-like growth factor-binding protein-3 overexpression
in transgenic mice,” Endocrinology, vol. 142, no. 5, pp. 1958–
1967, 2001.

[43] J. V. Silha, Y. Gui, and L. J. Murphy, “Impaired glucose
homeostasis in insulin-like growth factor-binding protein-3-
transgenic mice,” American Journal of Physiology Endocrinol-
ogy and Metabolism, vol. 283, no. 5, pp. E937–E945, 2002.

[44] S. N. Rajpathak, M. He, Q. Sun et al., “Insulin-like growth fac-
tor axis and risk of type 2 diabetes in women,” Diabetes,
vol. 61, no. 9, pp. 2248–2254, 2012.

[45] T. A. Jacot and D. R. Clemmons, “Effect of glucose on insulin-
like growth factor binding protein-4 proteolysis,” Endocrinol-
ogy, vol. 139, no. 1, pp. 44–50, 1998.

[46] K. Kashani, A. al-Khafaji, T. Ardiles et al., “Discovery and val-
idation of cell cycle arrest biomarkers in human acute kidney
injury,” Critical care, vol. 17, no. 1, p. R25, 2013.

[47] A. Saad, W. Wang, S. M. S. Herrmann et al., “Atherosclerotic
renal artery stenosis is associated with elevated cell cycle arrest
markers related to reduced renal blood flow and postcontrast
hypoxia,” Nephrology, Dialysis, Transplantation, vol. 31,
no. 11, pp. 1855–1863, 2016.

[48] H. Kamei, L. Lu, S. Jiao et al., “Duplication and diversification
of the hypoxia-inducible IGFBP-1 gene in zebrafish,” PLoS
One, vol. 3, no. 8, 2008.

[49] A. Abdulmohsen, S. Eman Al, A.-K. Irina et al., “Increased
plasma level of IGFBP4 in obstructive sleep apnea patients
and the restoration of its level through multilevel sleep sur-
gery,” Research Square, 2021.

9Disease Markers


	The Rise of IGFBP4 in People with Obstructive Sleep Apnea and Multilevel Sleep Surgery Recovers Its Basal Levels
	1. Introduction
	2. Materials and Methods
	2.1. Study Population and Design
	2.2. Biochemical and Anthropometric Measurements
	2.3. OSA Assessment and Surgery
	2.4. IGFBP Quantitative Assays
	2.5. Statistical Analysis

	3. Results
	3.1. Study Population Characteristics
	3.2. Polysomnography for OSA Diagnosis
	3.3. Baseline Levels of Plasma IGFBPs
	3.4. IGFBP4 Is an Independent Predictive Marker for People with OSA
	3.5. A Surgical Intervention Induced Improvement in AHI Score and IGFBP4 Levels

	4. Discussion
	5. Conclusions
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

