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Background: The objective of the present study was to investigate whether the analysis of magnesium (Mg), high-sensitiv-
ity C-reactive protein (hsCRP), and ischemia-modified albumin (IMA) concentrations can be used as a non-in-
vasive and convenient method for diagnosing obstructive sleep apnea syndrome (OSAS).

Material/Methods: After polysomnography, venous blood was collected from 33 patients with OSAS and 30 control individuals.
Serum levels of Mg, hsCRP, and IMA were investigated. The relationship between these factors and apnea-hy-
popnea index (AHI) was analyzed using the Pearson correlation coefficient. The role of the factors was deter-
mined using a receiver operating characteristic (ROC) curve and multivariate logistic regression analysis.

Results: The levels of hsCRP and IMA were significantly higher in patients with OSAS than in control subjects, while
the levels of Mg were lower (P<0.05 for all). A significant correlation was noted between serum IMA (r=0.614;
P<0.001) and hsCRP (r=0.453; P<0.001) levels and the AHI. The ROC showed that serum Mg (AUC=0.74(0.62-0.85)),
hsCRP (AUC=0.77(0.65-0.87)), and IMA (AUC=0.78(0.66—0.87)) levels could be used as markers to diagnose
OSAS. Moreover, our new model, MIh, which is obtained by multivariate analysis, yielded an AUC value of 0.93
(0.83-0.98). Continuous positive airway pressure (CPAP) treatment reversed the changes in the serum levels
of Mg, hsCRP, and IMA.

Conclusions: Patients with OSAS show reduced serum Mg levels and elevated serum hsCRP and IMA levels. These observed
alterations can be reversed by CPAP treatment. A novel model, named Mlh, may be a promising tool for OSAS
diagnosis.
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Background

Obstructive sleep apnea syndrome (OSAS) commonly devel-
ops secondary to recurrent obstruction of the upper respirato-
ry tract during sleep. The disease is characterized by recurrent
obstructions of the upper airway associated with snoring, dis-
rupted sleep, and intermittent hypoxia [1,2]. Epidemiological
studies have shown that the prevalence of OSAS in the popu-
lation has increased over time [3]. However, the current crite-
rion standard for diagnosis of OSAS is polysomnography (PSG),
which is expensive, technically demanding, and time-consum-
ing [4]. Thus, clinicians require alternative, non-invasive tech-
niques for OSAS diagnosis.

Generally, repeated oxygen desaturation and re-saturation
lead to increased oxidative stress, and previous studies have
reported that OSAS is associated with increased levels of in-
flammatory mediators and oxidative stress [5-7]. More specifi-
cally, recent studies have suggested that the levels of systemic
inflammatory markers, such as the known cardiovascular risk
marker C-reactive protein (CRP), are increased in patients with
OSAS, and that these markers are significantly reduced after
treatment [8,9]. Ischemia-modified albumin (IMA) is a prom-
ising biomarker whose levels have been shown to be elevat-
ed in various diseases associated with ischemia and oxidative
stress, such as myocardial infarction and pulmonary embo-
lism [10,11]. Interestingly, IMA may serve as a biomarker for
OSAS severity in cases that are associated with obesity [12].

On a related note, magnesium (Mg) acts as an antioxidant and
co-factor for several enzymes involved in cell membrane sta-
bilization, and it mitigates the effects of oxidative stress [13].
Hypomagnesemia contributes to a reduction in the expres-
sion and activity of antioxidant enzymes [14]. Lower serum
Mg concentrations were recently reported bee inversely cor-
related with elevated CRP levels in patients with obstructive
sleep apnea [15].

The present study was designed to investigate a novel, non-in-
vasive biomarker to diagnose OSAS, as technological advanc-
es have allowed multiple inflammatory cytokines to be tested
rapidly and sensitively using only small amounts of serum. We
found that serum high-sensitivity (hsCRP) and IMA concentra-
tions were significantly higher in the OSAS group than in the
control group. Serum Mg levels showed the opposite trend and
were found to decrease. The findings demonstrate that OSAS
is strongly associated with elevated concentrations of hsCRP
and IMA and decreased Mg levels, which can be reversed by
effective CPAP treatment. Subsequently, we designed a new
scoring model and named it the “Mlh score” (MIh score=—8.68—
2.03*Mg+19.28*IMA+1.05*hsCRP) based on the above 3 bio-
markers; we investigated this model as a potential biomark-
er for diagnosing OSAS using receiver operating characteristic
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Figure 1. Flow diagram of the phases of the study.

(ROC) curve analyses. Our data suggest that the Mlh model is
a promising biomarker for diagnosing OSAS.

Material and Methods

Study design and population

The procedures followed in this study are depicted in Figure 1.
Patients admitted to the Sleep Center of the Hangzhou Fuyang
First People’s Hospital between 2014 and 2015 were evalu-
ated. The study population comprised 102 patients suspect-
ed of having obstructive sleep apnea syndrome; they were
matched for age, sex, body mass index (BMI), and smoking
habits. Patients were excluded if they: (1) had a history of ven-
tilatory failure or were currently being treated with continuous
positive airway pressure (CPAP), (2) were aged <20 years or
>60 years, (3) had an acute upper-respiratory tract infection,
(4) had an unstable coronary artery or other severe disease,
or (5) did not complete the questionnaire and informed con-
sent form. Patients were then assigned to the control group
(apnea-hypopnea index [AHI] <5) or the OSAS group (AHI >5
with associated symptoms, or AHI >15). The study was ap-
proved by the Research Ethics Committee of the Hangzhou
Fuyang First People’s Hospital, and informed consent was ob-
tained from all patients.

Overnight polysomnography

All subjects underwent overnight PSG monitoring (Embletta
X100; Natus Medical Inc., Pleasanton, CA, USA) at the Sleep
Center; the PSG was carried out by technicians using Embla
Sleepware Software, which comprises an electroencephalo-
gram, an electrooculogram, a genioglossus electromyogram,
oral and nasal flow monitoring using a thermistor, an elec-
trocardiogram, recording of thoracoabdominal respiratory
movements (with a tightness measure), and measurement of
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oxygen saturation. A minimum of 7 h of PSG data were record-
ed. Respiratory incidents were scored using standard criteria
by a physician blinded to both the purpose of the research
and the subjects’ identity. After PSG recording, the following
parameters were scored manually: changes in heart rate and
rhythm, sleep stage, changes in breathing patterns (hypop-
nea, arousal, and apnea), and periodic leg movements during
sleep. Apnea was defined as airflow cessation for at least 10
s, and hypopnea was defined as an airflow reduction of >30%
for at least 10 s accompanied by either an oxygen desatura-
tion of >3% or an arousal. The AHI comprised the apnea score
plus the hypopnea score per hour of sleep. The apnea severity
indices used were AHI and mean arterial oxygen saturation.

Blood tests

All subjects provided peripheral whole venous blood samples
(>7 mL), which were drawn into test tubes containing heparin
between 7: 00 and 7: 30 AM on the morning after finishing over-
night PSG monitoring. The sera were separated by centrifuga-
tion at 3000 rpm for 10 min and immediately stored at -80°C.

Serum levels of Mg were determined using a Cobas Integra
800 analyzer (Roche Diagnostics, Mannheim, Germany) and the
colorimetric method, which uses the original Cobas reagents.
The results are expressed in milligrams per deciliter. Serum
levels of hsCRP were measured using an IMMULITE 2000 sys-
tem (Diagnostic Products Corporation, Los Angeles, CA, USA);
serum levels of IMA were measured using the albumin cobalt
binding assay, as described by Bar-Or et al. [16]. The results
are expressed in absorbance units (ABSU).

Continuous positive airway pressure treatment

The CPAP titration was performed manually by a technician us-
ing 2 devices (Respironics, PA, USA and Weinmann, Hamburg,
Germany) under complete PSG monitoring. The CPAP titration
was started at an initial pressure of 4 cm H,0 under overnight
PSG; the pressure was then increased incrementally until ap-
nea-hypopnea events had disappeared. Each titration study
lasted at least 6 h. All participants demonstrated adequate
sleep efficiency (70%). After 3 months of treatment using na-
sal CPAP, these patients underwent clinical reassessment and
biochemical analysis.

Statistical analysis

The data were analyzed using SPSS version 20.0 (SPSS Inc.,
Chicago, IL, USA). Continuous variables are presented as medi-
ans + standard deviation. The 2 groups were compared using
the Student’s t-test or non-parametric ANOVA (Mann-Whitney
test). The association between serum marker concentrations
and PSG study results was assessed using Pearson’s correlation
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test. To evaluate the diagnostic accuracy of the potential OSAS
biomarkers (Mg, hsCRP, and IMA), ROC curves were created, and
the area under the curve (AUC) was used. Multivariate analysis
of these markers was performed by constructing a logistic re-
gression model, as well as a new scoring model named the Mlh
score (MIh score=—8.68-2.03*Mg+19.28*IMA+1.05*hsCRP). The
95% confidence intervals (Cls) were calculated, and a P-value
of <0.05 was considered statistically significant.

Results

Clinical characteristics of study subjects

The final 63 participants enrolled in this study comprised 44
men and 19 women with a mean age of 52.1+10.9 years.
The study group consisted of 33 participants (23 men and
10 women) aged 51.6+9.8 years. The AHI of the OSAS group
was 19.6+4.7 (range: 5.4-78.1), which was significantly high-
er than that of the control group (2.2+1.5), while the mean
arterial oxygen saturation of the OSAS group was 90.9+4.0%
(range: 6.5-130.0%), which was lower than that of the con-
trol group (P<0.05 in all cases). There were no significant dif-
ferences between the patients with OSAS and the controls in
terms of age, sex, BMI, smoking status, hypertension, or dia-
betes mellitus status. Table 1 shows the demographic charac-
teristics and parameters under investigation in both groups.

The impact of OSAS on serum Mg, hsCRP, and IMA
concentrations

As illustrated in Table 2, serum Mg levels were significantly
lower in the OSAS group than in the control group (1.71+0.21
mg/dL vs. 2.1940.36 mg/dL; P=0.021). Moreover, in the OSAS
group, 23 patients (69.7%) demonstrated hypomagnesemia, and
patients with OSAS showed higher hsCRP concentrations than
those without (1.47+1.60 mg/L vs. 0.97+1.22 mg/L; P<0.05).
In addition, serum IMA occurred at higher levels in the OSAS
group than in the control group (P<0.05).

Next, we performed Pearson’s correlation test to evaluate the
association between these biomarkers and the PSG study re-
sults. Table 3 documents the Pearson correlation coefficients
(r-values); the results revealed a significant correlation between
serum IMA concentrations and the AHI (r=0.61; P<0.001) and
mean Sa0, (r=—0.560; P<0.001). Serum hsCRP concentrations
were significantly correlated with both AHI (r=0.453; P<0.001)
and mean Sa0, (r=-0.378; P=0.009). Based on the above find-
ings, a multivariate logistic regression model was created to
determine risk factors in OSAS patients. Notably, the model
indicated that serum hsCRP and IMA concentrations were risk
factors for OSAS, while serum Mg levels were a protective fac-
tor (Table 4; P<0.05).
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Table 1. Demographic, clinical characteristics and polysomnographic evaluation of the study groups.

Clinical characteristics Control group (n=30) OSAS group (n=33) P value

Age (years) 49.2+13.1 51.6+9.8 0.570

AHI (events/h of sleep) 2.2+1.5 19.6+4.7 <0.001*

Data are numbers or medians +SD. P<0.05, Mann-Whitney U-test. BMI — body mass index; REM — rapid eye movement;
Mean SaO2 — mean of arterial oxygen saturation; AHI — Apnea-Hypopnea Index.

Table 2. The Impact of OSAS on serum Mg, hsCRP and IMA concentrations.

Marker Control group (n=30) OSAS group (n=33) P value
Mg (mg/dL) 2.19+0.36 1.71+0.21 0.021
"""" hscRP (mg)  oo7elz2  larele0 <0001
"""" MA@MBSY) 043009  ossom <0001

hsCRP — high-sensitivity C-reactive protein; IMA — ischemia-modified albumin.

Table 3. Correlation between marker concentrations and polysomnographic study results in all groups.

Marker AHI (events/h of sleep) Mean Sa02 (%)

r -0.302 0.191

(el 1) IR
P 0.056 0.140
r 0.614 -0.560

VA B S e B e e B e
P <0.001 <0.001
r 0.453 -0.378

s @R R (e 7l 1) I s

hsCRP — high-sensitivity C-reactive protein; IMA — ischemia-modified albumin; AHI — Apnea-Hypopnea Index; Mean SaO2 — mean of
arterial oxygen saturation.
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Table 4. Independent predictors of obstructive sleep apnoea syndrome in multivariate logistic regression analysis.

Parameter Wald OR (95% CI) P values

Age 1.324 091 (0.62-1.14) 0.621
oo 1435 107 (050-141) 0453
 Hypettenson 2006 133 (042-277) 0174
""""" Mgt 433 054 (038089 0006
""""" hscRP  e14 358 (04721 o001
 IMApositivegoup 7998 805 (489-2455) 0002

Status (control=0, OSAS=1); Age (female=0, male=1); BMI (<25.0=0, >25.0=1); Hypertension (no=0, yes=1); Mg+ (<1.98=0, >1.98=1);
hsCRP (<1.20=0, >1.20=1); IMA (<0.49=0, >0.49=1).
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Figure 2. ROC analysis of serum magnesium (Mg), high-sensitivity C-reactive protein (hsCRP), and ischemia-modified albumin (IMA) in

the diagnosis of obstructive sleep apnea syndrome. (A) In the ROC analysis of Mg, the AUC value is 0.74 (95% Cl: 0.62—0.85)
with a sensitivity and specificity of 61.62% and 80.37%, respectively. The cutoff value is 1.62 mg/dL. (B) In the ROC analysis
of hsCRP, the AUC value is 0.77 (95% Cl: 0.65-0.87) with a sensitivity and specificity of 81.25% and 58.75%, respectively.
The cutoff value is 1.20 mg/L. (C) In the ROC analysis of IMA, the AUC value is 0.78 (95% Cl: 0.66-0.87) with a sensitivity and

specificity of 87.62% and 62.62%, respectively. The cutoff value is 0.53 ABSU.

The value of serum Mg, hsCRP, and IMA levels for
diagnosing OSAS

To ascertain the diagnostic performance of Mg, hsCRP, and IMA
serum biomarkers in differentiating OSAS patients from non-
OSAS patients, ROC curves were constructed, and the area un-
der the curve (AUC) was generated. As shown in Figure 2A, 2B,
Mg and hsCRP yielded AUC values of 0.74 (95% Cl: 0.62-0.85)
and 0.77 (95% Cl: 0.65-0.87), respectively. The results showed
that IMA has a stronger ability to diagnose OSAS (Figure 2C)
than Mg and hsCRP, with an AUC value of 0.78 (95% Cl:
0.66-0.87). However, these biomarkers had low sensitivity or
specificity when used alone, so they would be of limited clinical
use. Thus, we used the optimal equation from the multivariate
logistic regression model to generate a new score named the
MIh score. Subsequent ROC analysis of the MIh score yield-
ed an AUC value of up to 0.93 (95% Cl: 0.83-0.98), with ide-
al sensitivity (84.37%) and specificity (96.87%) (Figure 3), in-
dicating that the MIh score is a promising biomarker in the
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diagnosis of OSAS. After 3 months of CPAP treatment, 22 pa-
tients had their serum Mg, hsCRP, and IMA concentrations re-
assessed. The CPAP titration pressure ranged from 5 to 12 cm-
H,0 (mean=7.2+1.49 cmH,0). The results showed a significant
increase in serum Mg concentrations (from 1.71+0.21 mg/dL to
2.02+0.25 mg/dL; P<0.001) and decreases in serum IMA con-
centrations (from 0.58+0.11 ABSU to 0.45+0.10 ABSU; P<0.001)
and hsCRP concentrations (from 1.47+1.60 mg/L to 1.13+1.10
mg/L; P<0.001) after 3 months of CPAP treatment (Table 5).

Discussion

Our results demonstrated that serum Mg, hsCRP, and IMA con-
centrations differed between the OSAS and control groups.
Furthermore, AHI was significantly positively correlated with
hsCRP and IMA concentrations, and negatively correlated with
Mg levels. Each of these parameters could serve as a poten-
tial diagnostic biomarker for OSAS. In our study, there was no
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Table 5. Alterations in demographic information and serum Mg, IMA and hsCRP concentrations after 3 months of CPAP therapy.

Post-CPAP P value

30.443.9 0.553
"""""""""""""" 2024025 <0001
"""""""""""""" 045:0.10 <0001

1.13+£1.10 <0.001

Marker Pre-CPAP (n=22)
BMI (kg/m?) 31.03+3.7
Mg (mg/dL) 1.71+£0.21
IMA (ABSU) 0.58+0.11
hsCRP (mg/L) 1.47+1.60
100 [~
80 [~ |
R 60 [
X 40
on — TR
| — IMA
| — Mg
(U o S SR A R Mlh
0 20 40 60 80 100
100-Specificity %

Figure 3. ROC analysis of the MlIh score (combination of serum
magnesium, high-sensitivity C-reactive protein, and
ischemia-modified albumin) in diagnosing obstructive
sleep apnea syndrome. The AUC value of Mih is 0.93
(95% Cl: 0.83-0.98) with a sensitivity and specificity of
84.37% and 96.87%, respectively. The cutoff value is
—7.35. MIh=-8.68-2.03*Mg+19.28*IMA+1.05*hsCRP.

significant difference between the groups in terms of age, sex,
or BMI, nor were there significant differences in the number of
patients with hypertension, hyperlipidemia, or diabetes. This
discrepancy with other findings may be due to the small sam-
ple size in this study.

Previous studies have indicated that oxidative stress and in-
flammation are important mechanisms underlying the patho-
physiology of OSAS [17,18]. Furthermore, Mg plays a role in
several enzymatic reactions that maintain cellular homeosta-
sis [19], and hypomagnesemia appears to be associated with
a higher degree of oxidative stress in obese individuals [20].
Several clinical trials have indicated that Mg stimulates the
synthesis of nitric oxide and prostacyclin, both of which
may reduce asthma severity in adults and children [21,22].
Interestingly, hypomagnesemia elevates the risk of high blood
pressure, atherogenic lipid profile, metabolic syndrome, and
type 2 diabetes [23-25]. Moreover, in a recent study, patients

with OSAS showed a significant decrease in plasma levels of
Mg, and there was a negative correlation between Mg con-
centrations and OSAS severity [15]. Similarly, in the present
study, serum Mg levels were significantly lower in the OSAS
group than in the control group. Specifically, Mg yielded an
AUC value of 0.74 (95% Cl: 0.62-0.85) for diagnosing OSAS,
and CPAP treatment reversed the downregulated serum Mg
levels. Of note, many OSAS patients use magnesium in their
therapies, especially cardiac patients and those with chron-
ic headaches or migraines. These may lead to false-negative
results during the follow-up. Thus, further research is needed
to reveal the exact relationship between Mg and OSAS and its
molecular mechanisms.

On a different note, CRP is an important marker of endotheli-
al dysfunction in the pathogenesis of coronary artery disease,
and CRP level is a strong independent predictor of future myo-
cardial infarction, stroke, and peripheral arterial disease [26].
For instance, Yokoe et al. found that plasma levels of CRP are
elevated in patients with OSAS and that they are decreased by
nasal CPAP in these patients [27]. In another study, Guven et al.
reported similar results; they also found that hsCRP levels were
positively correlated with both BMI and AHI [28]. In the pres-
ent study, serum hsCRP concentrations were positively corre-
lated with the AHI (which could also be regarded as indicat-
ing OSAS severity); in addition, multivariate logistic regression
analyses indicated that hsCRP is a risk factor.

Excess production of free radicals may modify the N-terminal
region of human serum albumin, generating ischemia-mod-
ified albumin (IMA), a sensitive marker of ischemia whose
levels are also increased in diseases associated with obesi-
ty [12]. The potential role of IMA in several diseases has been
reported previously [29-31]. However, few investigations
have addressed the role of serum IMA in OSAS. Dogan et al.
demonstrated that serum IMA may act as a valuable oxida-
tive stress indicator in OSAS, and that it may be a biomark-
er reflecting the presence and severity of OSAS [32]. A study
by Sunnetcioglu et al. found that IMA levels were significant-
ly higher in patients with OSAS, and that they were positively
correlated with AHI score. Similarly, Karamanli et al. found a
mean IMA level of 1.231+0.102 ABSU among 61 study subjects;
this was significantly higher than the mean level of 24 control
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participants (1.088+0.156 ABSU), and the authors suggested
using serum IMA levels as a novel marker of oxidative stress
in OSAS. The present study confirms this previous finding that
serum IMA levels are higher in subjects with OSAS than in the
control group, despite similar BMIs and mean ages [33]. OSAS
was more reliably diagnosed by serum IMA than by Mg and
hsCRP. In addition, multivariate analyses indicated that high
levels of IMA are a risk factor for OSAS.

Unfortunately, the low sensitivity and specificity of these bio-
markers may limit their clinical usefulness. For this reason, we
calculated a new biomarker using a logistic regression model
that was based both on previous research and our own find-
ings. Surprisingly, the new model, which we named Mlh, showed
outstanding power to diagnose OSAS. Its AUC value was 0.93
(95% Cl: 0.83-0.98), with high sensitivity (84.37%) and speci-
ficity (96.87%), indicating that it is a promising biomarker for
OSAS that could be applied in clinical practice.

Certain limitations of our study should be mentioned. As a pre-
liminary study, we explored the diagnostic value of Mg, hsCRP,
and IMA in a small cohort only; this may have caused weak
correlations among some of the factors, and we did not con-
firm our findings in a larger group. Furthermore, we could not
consider the effects of alterations in glucose metabolism or of
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insulin resistance, which are 2 processes that may also play
important roles in the elevation of hsCRP and IMA levels in
OSAS. Finally, we did not take into account whether the 3 fac-
tors analyzed were correlated; a correlation may have affected
their concentration values. Thus, further studies are required
to understand the role of these factors in OSAS, and long-
term prospective studies are needed to confirm these results.

Conclusions

In conclusion, we demonstrated that serum levels of both
hsCRP and IMA increased with the presence and severity of
OSAS, and that serum Mg levels changed with the presence of
OSAS. Each of these changes was reversed after CPAP treat-
ment and could be individually used as promising biomarker
in OSAS diagnosis. However, the results obtained were infe-
rior to those recorded using a diagnostic tool that combined
the results of the 3 individual markers in the current study.
Therefore, the Mlh scoring system is a promising tool to diag-
nose OSAS in clinical settings.
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