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Abstract

Aim To investigate the predictive value of the systemic immune-inflammation index (SII) in patients with obstructive sleep
apnea (OSA).

Material and methods Patients diagnosed with OSA formed the patient group, and those with a normal polysomnography
(PSG) result formed the control group. The neutrophil, thrombocyte, monocyte, and lymphocyte counts obtained from
the hemogram were used to calculate the neutrophil-to-lymphocyte ratio (NLR), thrombocyte-to-lymphocyte ratio (PLR),
monocyte-to-lymphocyte ratio (MLR), and the SII values. The two groups were compared with respect to the NLR, PLR,
MLR, and SII values. Correlations were examined between the PSG parameters and the NLR, PLR, MLR, and SII values
in the patient group.

Results Evaluation included 146 subjects with 85 in the patient group and 61 in the control group. Statistically significantly
higher SII and NLR values were found in the patient group (p =0.037, p <0.05; p=0.015, p <0.05). A statistically signifi-
cant negative correlation was observed between the SII and the lowest O2 saturation measurements (r= —0.246; p=0.003;
p<0.01). A statistically significant negative correlation was found between the NLR and the lowest O, saturation meas-
urement (r= —0.255; p=0.002; p <0.01). The cutoff value for SII was found to be 290, with 84.7% sensitivity and 29.5%
specificity. A cutoff value of 1.71 for NLR was determined to have 61.2% sensitivity and 60.7% specificity.

Conclusion SII may be a new, rapid, low-cost, and easy-to-measure biomarker for the prediction of obstructive sleep apnea.

Keywords Obstructive sleep apnea - Systemic immune-inflammation index (SII) - Intermittant hypoxia - Inflammation

Introduction

Obstructive sleep apnea (OSA) is a chronic inflammatory
disease, characterised by partial or complete obstruction of
the upper airway during sleep, which affects 3-9% of the
general population [1-3]. The two most important factors in
the pathophysiology of OSA and associated comorbidities
are systemic inflammation and oxidative stress. A potential
mechanism that is thought to be involved is that intermittent
nocturnal hypoxemia produces a decline in oxygen levels
followed by re-oxygenation when breathing resumes. The
cyclical episodes of hypoxia-re-oxygenation correspond to
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cardiac ischemia/re-oxygenation injury, cause depletion of
adenosine triphosphate, and activate xanthine oxidase acti-
vation, leading to an increase in the generation of oxygen-
derived free radicals, thereby resulting in local and systemic
inflammation [4, 5].

Biological and haematological markers can be used to
measure systemic inflammation. However, as these are
generally expensive methods, it has been shown in recent
years that cell counts and combinations of these such as the
neutrophil-lymphocyte ratio (NLR) and thrombocyte-lym-
phocyte ratio (PLR) can reflect the inflammatory response
with high sensitivity [6]. These ratios are easily obtained
at no additional cost and have been shown to be as effec-
tive as classic haematological markers of systemic inflam-
mation. More recently, the systemic immune-inflammation
index (SII) has been formed as a biomarker calculated from
neutrophils, lymphocytes, and thrombocytes from systemic
inflammatory cells [7]. Research has shown a positive cor-
relation between the SII and neutrophil and platelet counts
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and a negative correlation between the SII and lymphocyte
count [8].

There are several recent studies that have examined the
NLR and PLR in OSA [6, 9], but there have been very few
investigations of the SII [10]. The aim of this study was to
investigate the relationship between the inflammatory dis-
ease of OSA and the SII.

Material and methods
Study population

The data were retrospectively obtained from patients who
underwent full-night polysomnography (PSG) in the sleep
laboratory of Kocaeli Derince Training and Research Hos-
pital between January 1, 2019, and September 30, 2022.
Patients diagnosed with OSA formed the patient group, and
those with a normal PSG result formed the control group.
Patients were excluded from both groups if they had any
haematological, gastrointestinal or gynaecological malig-
nancy, chronic inflammatory disease, infection, congestive
heart failure, severe renal or liver failure, or cerebrovascu-
lar disease, or if they were receiving anticoagulant treat-
ment. Permission to use the patient records was obtained.
Demographic data (age, gender, body mass index [BMI]),
Epworth Sleepiness Scale (ESS) scores, and comorbidities
were recorded for each patient.

Sleep study

All participants underwent full-night PSG (device brand
and model: Embla N 7000) in the sleep disorder laboratory.
The 2017 American Academy of Sleep Medicine criteria
were applied in the scoring. OSA was defined as an apnea/
hypopnea index (AHI) of > 5/h. The severity of OSA was
evaluated as mild for AHI >5/h and < 15/h, moderate for
AHI > 15/h and < 30/h, and severe for AHI > 30/h. As a cri-
terion for hypopnea, a decrease of 50% in the amplitude of
the nasal cannula was accompanied by a decrease of at least
3% in desaturation or resulted in arousal. AHI, (non-REM
stage 1) N-REM 1, N-REM 2, N-REM 3, REM percentages,
minimum oxygen saturation, and nocturnal time spent with
arterial oxgen saturation < 90% values were recorded from
the PSG report.

Complete blood counts

Blood cell counts were retrieved retrospectively from the
patient medical records. Blood samples were taken within
the last month before undergoing the PSG test. Total leu-
kocyte count and subtypes, including neutrophil, lympho-
cyte, and monocyte and platelet absolute counts, were
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analysed using an automated blood cell counter (Pentra
Nexus(Horiba), Sysmex XN (Roche)). The NLR, PLR,
MLR, and SII were calculated as follows: NLR, neutrophil
count/lymphocyte count; PLR, platelet count/lymphocyte
count; MLR, monocyte count/lymphocyte count; and SII,
(neutrophil X platelet)/lymphocyte.

Ethical approval

The study procdures complied with the Helsinki Declara-
tion. Approval for the study was granted by the Clinical
Research Ethics Committee of SBU Kocaeli Derince Train-
ing and Research Hospital (protocol no: 119, dated: Novem-
ber 17, 2022).

Statistical analysis

Statistical analyses of the study data were made using Num-
ber Cruncher Statistical System (NCSS) 2020 Statistical
Software (NCSS LLC, Kaysville, Utah, USA). Continuous
variables were stated as mean + standard deviation, median,
minimum and maximum values, and categorical variables
as number (n) and percentage (%). The Shapiro—Wilk test
and boxplot graphs were used in the assessment of the data
conformity to normal distribution. In the comparisons of
two groups of quantitative variables, the Student’s #-test was
applied to data showing normal distribution, and the Mann
Whitney U-test was used for variables not showing normal
distribution. When comparing more than two groups, the
Kruskal Wallis test was used. In the evaluation of relation-
ships between variables, Spearman correlation analysis was
used. In the evaluation of the correlation coefficient (r),
a value of 0-0.25 was accepted as very weak, 0.26-0.49
as weak, 0.50-0.69 as moderate, 0.70-0.89 as strong, and
0.90-1.00 as a very strong correlation [11]. In the compari-
sons of quantitative data, the chi-square test, Fisher’s Exact
test, and the Fisher Freeman Halton test were used. Results
were stated in a 95% confidence interval and a value of
p <0.05 was accepted as the level of statistical significance.

Results

The study included 146 subjects, comprising 102 (70%)
males and 44 (30%) females with a mean age of 44.5+9.2
years (range, 23—66 years), who underwent full-night PSG
in the Neurology Clinic Sleep and Sleep Disorders Centre
of SBU Kocaeli Derince Training and Research Hospital
between January 1, 2019, and September 30, 2022. The
patient characteristics are shown in Table 1. The groups
were observed to be similar with respect to age, gender,
BMI, smoking status, or the presence of DM, HT, COPD,
thyroid disease, or ESS scores.
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Table.1 .Evaluation qf t.he Groups »
descriptive characteristics
according to the groups Control group (n=061) OSA group (n=385)
Gender Female 23 (38) 21 (25) “0.091
Male 38 (62) 64 (75)
Age (years) Mean+SD 43.6+9.5 45.1+9.0 40.328
Median (min—-max) 44 (23-66) 45 (26-64)
BMI (kg/m?) Mean +SD 29.2+34 30.1+3.5 €0.138
Median (min—max) 29 (22-39) 30 (22-39)
Smoking Absent 25 (41) 48 (57) “0.065
Present 36 (59) 37 (44)
DM Absent 56 (92) 69 (81) “0.071
Type 1 5(8) 16 (19)
HT Absent 41 (67) 60 (71) “0.663
Present 20 (33) 25 (29)
Heart disease Absent 61 (100) 80 (94) b0.075
Present 0 5(6)
COPD Absent 57 (93) 78 (92) b0.762
Present 4(7) 7(8)
Thyroid disease Absent 60 (98) 83 (98) b1.000
Present 1(2) 2(2)
ESS Mean +SD 8.1+54 9.6+5.1 40.133
Median (min-max) 8 (0-24) 10 (0-24)

BMI body mass index, DM diabetes mellius, HT hypertension, COPD chronic obstructive pulmonary dis-

ease, ESS Epworth Sleepiness Scale

#Pearson chi-square test
PFisher’s exact test

“Fisher Freeman Halton test
dStudent ¢ test
“Mann-Whitney U test
*p<0.05; *p<0.01

No statistically significant difference was found between
the groups in respect of the platelet, neutrophil, lymphocyte,
and monocyte counts and the MLR and PLR. The SII and
NLR values were determined to be statistically significantly
higher in the OSA group (p=0.037, p<0.05; p=0.015,
p <0.05) (Table 2). When the cases were compared accord-
ing to disease severity, the differences between the SII,
MLR, PLR, and NLR values were not statistically significant
(p>0.05) (Table 3).

A statistically significant negative correlation at a weak
level was determined between the SII and the lowest O,
saturation measurements (r= — 0.246; p=0.003; p <0.01).
A statistically significant negative weak correlation was
determined between the NLR and the lowest O, saturation
measurement (r= —0.255; p=0.002; p<0.01). A statisti-
cally significant positive weak correlation was determined
between the NLR and the desaturation periods (r=0.252;
p=0.002; p<0.01). No statistically significant relation-
ship was determined between the SII, NLR, PLR, and MLR
measurements of the cases and the N-REM 1, N-REM 2,

N-REM 3, REM percentages, and ESS values (p > 0.05)
(Table 4).

For a cutoff value of 290 for SII, sensitivity was 84.7%,
specificity 29.5%, positive predictive value (PPV) 62.6%,
and negative predictive value (NPV) 58.1%. In the ROC
curve analysis, the area under the curve (AUC) was deter-
mined to be 60.1% with standard error 4.7% (Table 5).

The correlation between the SII cutoff value of 290 and
the groups was determined to be statistically significant
(p=0.038; p<0.05). The risk of developing OSA in cases
with SII value of >290 was found to be 2.318-fold higher.
The ODDS ratio for SIT was 2.318 (95% CI: 1.034-5.197)
(Fig. 1).

For the NLR, the cutoff value of 1.71 was determined to
have 61.2% sensitivity, 60.7% specificity, PPV 68.4%, and
NPV 52.9%. The ROC curve analysis results showed AUC
of 61.8% with standard error 4.7%. A statistically signifi-
cant relationship was determined between the NLR cutoff
value of 1.71 and the groups (p=0.015; p <0.05). The risk
of developing OSA in cases with NLR of > 1.71 was found
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Table 2 Evaluation of the parameters measured of both groups

Groups p

Control group (n=61) OSA group (n=85) Total
Platelets Median (min-max) 233 (140-380) 241 (104-435) 237 (104-435) “0.509
Neutrophils Median (min—-max) 3.7 (0.4-9.3) 4(1.2-9.8) 3.9 (0.4-9.8) €0.203
Lymphocytes Mean +SD 2.28+0.53 2.17+0.69 2.22+0.63 90.283
Monocytes Mean +SD 0.48+£0.13 0.49+0.18 0.48+£0.16 90.647
N Mean +SD 43742127 561.2+380.1 509.5+£325.9 0.037%*
MLR Mean +SD 0.28£0.32 0.25+0.13 0.26£0.23 “0.567
PLR Mean +SD 110.4+£33.8 137.9+£110.2 126.4+87.7 ‘0.274
NLR Mean +SD 1.7£0.6 22+14 20+1.1 0.015%*
AHI Mean +SD 32+1.4 33.8+23.4 21.0+£234 0.001**

SII systemic immune-inflammation index, MLR monocyte-lymphocyte ratio, PLR platelet-lymphocyte ratio, NLR neutrophil-lymphocyte ratio,

AHI apnea—hypopnea index
dStudent’s r-test
*Mann-Whitney U test
"p<0.05; *¥p <0.01

Table 3 Evaluation of the

. Disease severity p
measurement values according
to disease severity Mild (n=21) Moderate (n=20) Severe (n=44)
SII  Median (Min-Max) 436.9 (173.3-1452.8) 354.5 (199.6-2408.8) 465.3 (219.7-1592.8) /0.219
MLR Median (Min—-Max) 0.2 (0.1-0.6) 0.2 (0.1-1) 0.2 (0-0.4) 10.794
PLR  Median (Min-Max) 119.7 (65.4-631.7) 96.3 (64.8-771.5) 113.9 (58.4-201.3)  10.142
NLR Median (Min-Max) 1.9 (0.7-4.4) 1.9 (1.1-11.8) 1.9 (0.8-3.9) 10.531

SII systemic immune-inflammation index, MLR monocyte-lymphocyte ratio, PLR platelet-lymphocyte
ratio, NLR neutrophil-lymphocyte ratio

fKruskal Wallis test

to be 2.429-fold higher. The ODDS ratio for NLR was 2.429
(95% CI: 1.238-4.766) (Fig. 2).

Discussion

The study results suggest that the SII and NLR values were
higher for patients with OSA than for control group subjects.
A significant negative correlation was determined between
the SIT and NLR values and the lowest O, saturation meas-
urement, and a significant positive correlation between the
SII and NLR values and the duration of desaturation remain-
ing<90% [12].

OSA is a serious health problem, which is associated
with cardiovascular diseases, neurological diseases, and
various types of mortality [2, 13—15]. It has been shown
in previous animal model studies that the changes induced
in the leukocyte function by apnea and hypoxemia trigger
systemic inflammation in OSA [16, 17]. With the increase
in plasma norepinephrine level in OSA which leads to physi-
cal stress, the sympathetic system is activated and serum
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cortisol increases. Increased cortisol levels cause a decrease
in lymphocyte concentration [18]. It has been reported in
several studies that under physiological stress, neutrophils
are increased and lymphocytes are decreased with the effect
of endogenous cortisol and catecholamines [19, 20]. An
increased neutrophil count has been shown in patients with
OSA. However, in some publications, it has been stated that
it is not fully clear by which mechanisms neutrophils are
increased in OSA [21]. It has also been determined that
platelet levels, which are a component of SII, are positively
correlated with the degree of inflammatory response [22].
There has been reported to be a positive correlation
between the SII and neutrophil and platelet counts, and
a negative correlation between the SII and lymphocyte
count [8]. Increased neutrophils in conditions of inflam-
mation suppress natural killer and active T lymphocytes,
thereby suppressing the immune system [23]. It is known
that lymphocytes clear tumour cells through both humoral
and cellular immune mechanisms [24]. Platelets, which are
another parameter of the SII, have been reported to assist
tumour cells escape from body immunity [25]. Therefore,
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Table 4 Relationships between PSG parameters and SII, MLR, PLR,
and NLR values

SII MLR PLR NLR
Min.SO, (%) r —0.246 -0.074 -0.071 -0.255
p 0.003%** 0.373 0.392 0.002%*
Time SO, <90 (%) r 0.252 0.037 0.116 0.252
p 0.002%* 0.661 0.165 0.002%*
Percentage SO, <90 (%) r 0.270 0.076 0.118 0.263
p 0.001%* 0.361 0.155 0.001 **
N-REM 1 percentage r —0.156 -0.089 -0.024 -0.136
p 0.061 0.287 0.775 0.104
N-REM 2 percentage r 0.064 0.058 —-0.024 0.069
p 0.448 0.487 0.772 0.414
N-REM 3 percentage r —=0.014 -0.063 0.057 —0.025
p 0.873 0.453 0.501 0.765
REM percentage r 0.020 0.031 —-0.027 -0.040
p 0815 0.712 0.748 0.634
ESS r0.129 0.009 —0.005 0.153
p 0171 0.923 0.958 0.105

r: Spearman correlation coefficient
"p<0.05; *%p <0.01

Abbreviations: Min.SO, minimun oxygen saturation, Time SO, < 90%
the duration of oxygen saturation <90%, Percentage SO,<90% per-
centage of time of oxygen saturation<90%, N-REM 1 percentage
non-REM 1 percentage, N-REM 2 percentage non-REM 2 percent-
age, N-REM 3 percentage non-REM 3 percentage, REM percentage
rapid eye movement percentage, ESS Epworth Sleepiness Scale

this study was planned with the thought that the SII could
reflect inflammation.

The current study results showed that the SII values were
significantly higher in the patients with OSA than in the
control group. In a 2021 study by Muhammet Fatih Topuz
et al. of 194 patients, a significant correlation was deter-
mined between the SII and severe OSA. This correlation
was reported to be stronger than the correlation with NLR
and PLR, and thus it was stated that the SII could be used
to show chronic inflammation in OSA [10]. That was the
first and only previous study in literature. The current study
is the second in literature that has aimed to compare OSA
parameters with the SII. In the Topuz et al. study, the patient
and control groups differed in respect of age, gender, and

BMI whereas in the current study, there was no difference
in age, gender, or BMI between the groups. No correlation
was determined in the current study between ESS and SII,
MLR, PLR, and NLR values, and no information about such
a potential correlation could be found in the literature.

The current study results showed a significant negative
relationship between the SII and the lowest oxygen satura-
tion measurements. There was also determined to be a sig-
nificant positive relationship between the SII value and the
duration of desaturation remaining < 90%. OSA is a disease
characterised by recurrent limitations in air flow or episodes
of termination, and this results in nocturnal hypoxia and
sleep fragmentation [25, 26]. Hypoxia re-oxygenation epi-
sodes, xanthine oxidase activation, and increased free radi-
cals cause local and systemic inflammation [27, 28].

The results of this study showed that in patients with SII
of >290, the risk of OSA was determined to be 2.318-fold
higher. Therefore, patients with SII of >290 should be evalu-
ated carefully with respect to OSA and should be questioned
about OSA symptoms.

No significant difference was observed between the cur-
rent study groups with respect to the MLR and PLR values.
Koseoglu et al. reported that the PLR value was significantly
reduced in patients with severe OSA compared to control
group subjects [6]. However, this correlation was not found
in the current study. With further larger scale studies, it may
be possible to determine this correlation.

The current study results showed that the NLR was higher
in the OSA patient group than in the control group. In a
meta-analysis by Min-Seok Rha et al., published in 2020,
it was stated that NLR could be a reliable marker in the
determination of systemic inflammation and the predic-
tion of disease severity in OSA [29]. Although there was
observed to be a difference between the patient and control
groups in the current study, no correlation was determined
between NLR and disease severity in the patient group. The
NLR values were determined to be significantly positively
correlated with the desaturation percentages in the current
study patient group. Koseoglu et al. reported that nocturnal
time spent with arterial oxygen saturation < 90% increased
with increasing NLR, and thus it was stated that NLR can
be used as a marker to show chronic intermittent hypoxia
in OSA [6]. The cutoff value for NLR was found to be 1.71

Table 5 Diagnostic scan for SII and NLR and the ROC Curve analysis results in the OSAS group

Diagnostic scan

ROC curve P

Cutoff Sensitivity Specificity Positive predic- Negative predic- Area 95% confidence interval
tive value tive value
N >290 84.7 29.5 62.6 58.1 0.601 0.509-0.694 0.037*
NLR >1.71 61.2 60.7 68.4 52.9 0.618 0.526-0.710 0.015*

SII systemic immune-inflammation index, NLR neutrophil-lymphocyte ratio
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in the current study, whereas it was reported to be 1.85in a
study by Altintag et al. [9].

The main limitations of this study were the single-centre,
retrospective design, and the fact that the number of patients
included was relatively low. Further prospective studies with
greater numbers of patients are required to strengthen the
findings of the value of the SII in OSA.
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Conclusion

The results of this study suggest that the SII may be an eas-
ily measured laboratory marker for the prediction of OSA.
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