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Objective: To evaluate the application value of STOP-Bang questionnaire (SBQ) in predicting abnormal metabolites.

Methods: Totally 121 patients were included into the study and filled the questionnaires, and their clinical data were collected at the
same time. These patients were grouped according to the questionnaire scores. The clinical data of patients in various groups were
compared using R4.3.1 statistical software.

Results: Based on the SBQ score, the patients were divided into the following groups: low-risk group (0-2 scores), mid-risk group
(3—4 scores), and high-risk group (5-8 scores). SBQ score was related to several abnormal metabolites. A higher SBQ score indicated
elevated uric acid (UA), waist circumference (WC), fasting blood glucose (FBG), hemoglobin Alc (HbAlc) and triacylglycerol (TG),
but notably lower high density lipoprotein-cholesterol (HDL-C). In respect of liver function, alanine aminotransferase (ALT) and
aspartate transaminase (AST) were both in low/mid-risk group than in high-risk group. With respect to renal function, there was
a statistically significant difference in serum creatinine (SCr) (lowest in the low-risk group and highest in the high-risk group) but no
such difference in estimated glomerular filtration rate (¢GFR) among the three groups. The diagnosability analysis showed that the
AUROC proved the good performance of SBQ in predicting metabolic syndrome (MetS) and hyperuricemia (HUA).

Conclusion: OSA frequently co-occurs with various metabolic disorders. SBQ, a widely used tool for assessing the risk of OSA, may
also be a potential tool for predicting the presence of metabolic diseases. A higher SBQ score indicates a heightened susceptibility to
more abnormal metabolites, but SBQ is poor in predicting liver and renal functions. The patients with SBQ score >3 are suggested to
pay a visit to the Endocrine Department and Sleep Disorders Center for a comprehensive evaluation of comorbid Obstructive sleep
apnea (OSA) and the management of systematic metabolism.
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Introduction

Obstructive sleep apnea (OSA) is a common systematic disease. Its most important characteristic is partial or complete
recurrent upper airway obstruction during sleep, accompanied with or without snoring, inducing intermittent hypoxemia,
hypercapnia and segmented sleep, as well as systemic oxidative stress, inflammatory reaction and sympathetic hyper-
activity in a long time, which further aggravates hypertension, diabetes and dyslipidemia.' OSA is closely associated
with several metabolic disorders, such as obesity, glycolipid metabolism, purine metabolism, liver and renal metabolism,
and a pathological state of such complex metabolic disorders is called metabolic syndrome (MetS).> Compared with the
ordinary population, OSA patients have a remarkably increased risk of MetS. A Chinese cross-sectional study showed
that the morbidity rate of MetS was 18.6%, 30.4%, 43.8% and 57.1% in the patients with no, mild, moderate and severe
OSA, respectively.® Another prospective cohort study demonstrated that 17.2% of OSA patients developed MetS within 6
years.* OSA is prone to aggregate with MetS components, and the latter are known risk factors for cardiovascular
diseases (CVD), thus increasing the risk of cardiovascular events. Therefore, in clinical practice, an evaluation of
abnormal metabolites shall be done in a timely manner for patients highly suspected of having OSA.
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At present, the recognized diagnostic gold standard for OSA is polysomnography (PSG);’ as PSG is time-consuming,
laborious and expensive, and has high requirements for professional technologies and a long examination-waiting time, it
is frequently used in the diagnostic examination of high-risk patients after OSA screening. STOP-Bang questionnaire
(SBQ) is a simple, effective, and highly operable tool for OSA screening and has good sensitivity, thus it is currently
recommended to screen high-risk OSA patients in the health check institutions, gross-root medical institutions and
communities.®

According to the current literature search results, no studies have been found that involve the application of SBQ in
evaluating the body’s risk of metabolic diseases. Based on the high correlation of OSA with several metabolic diseases,
this study aimed to analyze the relationship between SBQ score and several metabolic disorders, which is expected to
facilitate early consultation and early screening of patients with higher SBQ scores.

Materials and Methods

1. Study subjects: A total of 121 patients (71 males and 50 females, age: 21-79 (median: 59) years) signed written
informed consent voluntarily and were selected who were admitted to Peking Union Medical College Hospital from
July 2022 to January 2024. The exclusion criteria were below: patients diagnosed with OSA and who had received the
relevant treatment; patients with severe heart, lung, liver and kidney diseases; patients with malignant tumors or a recent
history of major physical or psychological trauma; patients with sleep-disordered breathing diseases except OSA; and
patients with an age of <18 or >80 years. The clinical trial was approved by the ethics committee of Peking Union
Medical College Hospital (I-22PJ477). The study complies with the Declaration of Helsinki. All subjects signed
informed consent forms.

2. Methods: The uniformly trained doctors and nurses completed the questionnaire survey, physical examination, and
blood sample collection. The general data of patients were collected by face-to-face SBQ survey. The questionnaire
contained 8 binary items related to the clinical characteristics of sleep apnea (yes/no): snoring, fatigue, observable apnea,
hypertension, body mass index (BMI) > 35kg/m?, age > 50 years, neck circumference (NC) > 40cm, and male. The
answers to the above 8 questions were “yes” or “no”, “yes” was recorded as 1 score and “no” as 0 score; Items 1-4 and
Items 5-8 in the questionnaire are filled by subjects and clinicians, respectively. The subjects were divided into 3 groups
according to SBQ score: OSA low-risk group (0-2 scores), OSA mid-risk group (3—4 scores), and OSA high-risk group
(5-8 scores).” The physical examination included the measurement of subjects’ height, weight, NC and waist circum-
ference (WC) as well as the calculation of BMI [BMI:weight(kg)/height2 (m?)]. The blood sample was collected via
antecubital vein after overnight fasting by an experienced nurse. Hemoglobin Alc (HbAlc) level (intra-batch coefficient
of variance (CV) < 3%, and inter-batch CV < 10%) was evaluated by high-performance liquid chromatography (HPLC).
The following indicators were evaluated with an auto-analyzer: fasting blood-glucose (FBG), hemoglobin Alc (HbAlc),
triacylglycerol (TG), high density lipoprotein-cholesterol (HDL-C), total cholesterol (TC), low density lipoprotein-
cholesterol (LDL-C), uric acid (UA), alanine aminotransferase (ALT), aspartate transaminase (AST), direct bilirubin
(DBIl), total bilirubin (TBil), alkaline phosphatase (ALP), and serum creatinine (SCr). Estimated glomerular filtration
rate (¢eGFR) was calculated using age, weight and SCr. [Male: eGFR=(140-age)*weight/(0.818*SCr); female: eGFR=
(140-age)*weight/(0.818*SCr)*0.85].

3. Definition of metabolic syndrome: In the following 5 criteria, >3 were met: () Abdominal obesity (ie, central
obesity): WC > 90cm for males and WC > 85c¢m for females; (2) FPG > 6.1mmol/L and (or) 2hPG > 7.8mmol/L, and (or)
diagnosed diabetes under treatment; (3) blood pressure (BP) >130/85 mmHg, and (or) diagnosed hypertension under
treatment; () fasting TG > 1.7 mmol/L; and () fasting HDL-C < 1.04 mmol/L.®

4. Definition of hyperuricemia (HUA): It was defined as UA > 420umol/L twice in the non-same day for either men
or women.’

5. Definition of liver injury: Liver injury was defined as ALT elevation or AST elevation. Furthermore, ALT elevation
was defined as ALT > 40U/L for males and >31U/L for females, and AST elevation as AST > 37U/L for males and >31U/L
for females. '’

6. Statistical analysis: R4.6.1 software was used for statistical description and analysis. The quantitative data of
normal distribution were presented as x + s, and those with homogeneity of variance was tested by one-way analysis of
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variance (ANOVA); the quantitative data of skewed distribution were expressed as M(P25, P75), the categorical variables
were presented as %, and in respect of inter-group comparison, the variables of skewed distribution were subjected to the
non-parametric comparison by Kruskal-Wallis rank sum test. The qualitative data were expressed as n (%), and their
inter-group comparison was performed with y*test. The significance level for two-sided test was a=0.05. Area under the
receiver operating characteristic curve (AUROC) was used to make a cross-sectional evaluation on the value of SBQ
score in predicting HUA and MetS. AUROC was plotted with sensitivity as y axis and false positive rate (1-specificity)
as x axis. The optimal cut-off was used as the curve peak, with the biggest sum of sensitivity and specificity.

Results

1. General data: The subjects were aged 55 years on average, including 71 (58.7%) males. The differences in male
percentage, NC, BMI, and hypertension rates among all three groups increase with the elevation of the SBQ scores, with
the highest values observed in the high-risk group and the lowest in the low-risk group. (all P < 0.001); there were no
statistically significant differences in age, hyperlipidemia, hypoglycemic drug treatment rate and urate-lowering drug
treatment rate among three groups (P > 0.05) (see Table 1).

2. Metabolic indicators: The incidence rate of metabolic syndrome in low-risk, mid-risk and high-risk groups was 18.9%,
44.2% and 75% (P < 0.001), respectively. The inter-group differences of WC, HbAlc, FBG, TG, HDL-C and UA were
all statistically significant (P < 0.05) (see Table 2); as SBQ score increased, WC (87.6 vs 90.1 vs 97.9 cm), HbAlc (6.3%
vs 6.73% vs 8.0%), FBG (6.2 vs 7.4 vs 9.1 mmol/L), TG (1.1 vs 1.6 vs 2.6 mmol/L) and UA (272.0 vs 335.6 vs
385.3 mmol/L) were elevated accordingly (all P < 0.001), but HDL-C (1.3 vs 1.2 vs 1.0 mmol/L, P = 0.001) was

Table | General Data of Patients in 3 SBQ Groups

Characteristics Low-risk group | Mid-risk group | High-risk group | F/x*> | p value
(n=37) (n=52) (n=32)

Age (year)? 52.5(35.0,75.0) 57.4(32.0,79.0) 57.2(21.0,78.0) 4.33 0.11
Male® 10(27.0) 33(63.5) 28(87.5) 26.74 | <0.001
NC (ecm)? 35.4(29.0,77.0) 36.2(23.0,43.5) 37.8(31.0,43.5) 13.56 | 0.001
BMI (kg/m?)? 24.5(19.5,31.6) 25.5(20.2,34.0) 29.3(23.5,50.2) 23.40 | <0.001
Hypertension® 0(0) 26(50.0) 24(75.0) 42.60 | <0.001
Hyperlipidemia® 14(37.8) 29(55.8) 19(59.4) 3.94 0.14
Hypoglycemic drug treatment® 30(81.1) 47(90.4) 29(90.6) 2.09 0.35
Urate-lowering drug treatment® 1(2.7) 5(9.6) 2(6.3) 1.68 0.43

Abbreviations: *M(QI,Q3); ®n (%); BMI, body mass index; NC, neck circumference.

Table 2 Comparison of Metabolic Indicators and Liver & Renal Function Indicators Among 3 SBQ

Groups
Item Low-risk group Mid-risk group High-risk group | F/x*> | p value
(n=37) (n=52) (n=32)
WC(cm)? 87.6(70.5,168.0) 90.1(71.5,117.5) 97.9(84.0,120.0) 17.12 | <0.001
HbA I c(%)* 6.3(5.0,7.9) 6.73(5.2,11.9) 8.0(5.7,13.0) 29.35 | <0.001
FBG(mmol/L)* 6.2(3.8,9.1) 7.4(5.2,15.6) 9.1(6.7,14.6) 46.11 | <0.001
TG(mmol/L)? 1.1(0.5,3.3) 1.6(0.4,7.7) 2.6(0.8,9.8) 23.60 | <0.001
HDL-C(mmol/L)* 1.3(0.8,2.6) 1.2(0.6,2.2) 1.0(0.8,1.6) 12.66 0.001
Metabolic syndrome® 7(18.9) 23(44.2) 24(75) 21.85 | <0.001
TC(mmol/L)* 4.2(2.6,5.7) 4.3(2.0,8.1) 4.4(2.8,7.3) 1.32 0.52
LDL-C(mmol/L)* 2.4(1.2,3.9) 2.5(1.0,5.5) 2.6(1.3,4.5) 1.17 0.56

(Continued)
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Table 2 (Continued).

Item Low-risk group Mid-risk group High-risk group | F/x*> | p value
(n=37) (n=52) (n=32)

UA(mmol/L)* 272.0(137.0,395.0) | 335.6(162.0,518.0) | 385.3(247.0,591.0) | 29.63 | <0.001
Hyperuricemia® 1(2.7) 8(15.4) 12(37.5) 14.73 | <0.001
ALT(U/L)? 21.5(10.0,68.0) 24.7(10.0,72.0) 32.1 (12.0,124.0) 8.50 0.0l
AST(U/L)? 21.2(5.0,42.0) 22.1(13.0,47.0) 26.9 (14.0,77.0) 6.88 0.03
ALP(U/L)? 67.8(29.0,120.0) 77(41.0,212.0) 78.0(45.0,153.0) 3.04 0.22
TBil(umol/L)? 12.2(5.8,25.2) 13.22(4.7,26.1) 13.5(5.0,31.7) 1.56 0.46
DBil(umol/L)* 3.9(1.8,8.5) 4.3(1.8,9.0) 4.1(2.1,7.8) 0.73 0.70
Liver injury® 4(10.8) 6(11.8) 9(29.0) 5.35 0.07
SCr(umol/L) 63.7(43.0,90.0) 70.7(7.4,113.0) 73.3 (33.0,117.0) 9.74 0.0l
eGFR(mL/min/|.73%) 103.6(59.4,186.1) 116.1(45.3,885.4) 123.0(50.7,258.6) 3.88 0.14

Abbreviations: WC, waist circumference; HbAlc, hemoglobin Alc; FBG, fasting blood-glucose; TG, triacylglycerol; HDL-C,
high density lipoprotein-cholesterol; TC, total cholesterol; LDL-C, high density lipoprotein-cholesterol; UA, uric acid; ALT,
alanine aminotransferase; AST, aspartate transaminase; ALP, alkaline phosphatase; TBil, total bilirubin; DBIil, direct bilirubin; SCr,

serum creatinine; eGFR, estimated glomerular filtration rate; *M(Q1,Q3); °n (%).

declined, ie, a higher SBQ score indicated more abnormal metabolic indicators (see Figure 1). The comparison of TC and
LDL-C showed no statistically significant difference (P > 0.05) (see Table 2).
3. Liver & renal function indicators: The inter-group differences of ALT, AST and SCr were statistically significant

(all P < 0.05), but no statistically significant difference was observed in ALP, TBil, DBIil, liver injury percentage and
eGFR (P > 0.05) (see Table 2 and Figure 2). ALT and AST in the high-risk group were higher than those in the low-risk
and mid-risk groups (P < 0.01) (see Figure 2). ALT (21.5 vs 24.7 vs 32.1 U/L, P =0.01) and AST (21.2 vs 22.1 vs 26.9
U/L, P = 0.03) were elevated with the increase of SBQ score (see Table 2 and Figure 1).
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Abbreviations: score, STOP-Bang questionnaire score; WC, waist circumference (cm); HbA I ¢, hemoglobin Alc (%); FBG, fasting blood-glucose (mmol/L); TG, triacylglycerol
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Figure 2 Comparison of metabolic indicators and liver and renal function indicators among 3 SBQ groups.

Abbreviations: WC, waist circumference (cm); HbAlc, hemoglobin Alc (%); FBG, fasting blood-glucose (mmol/L); TG, triacylglycerol (mmol/L); HDL-C, high density
lipoprotein-cholesterol (mmol/L); UA, uric acid (mmol/L); ALT, alanine aminotransferase (U/L); AST, aspartate transaminase (U/L). low: low-risk group (0-2 scores); mid:
mid-risk group (3—4 scores); high: high-risk group (5-8 scores). ns: P > 0.05; * P < 0.05;** P < 0.01; **: P < 0.001; **** P < 0.0001.
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Figure 3 ROC curves of hyperuricemia (left) and metabolic syndrome (right).

4. Diagnosability analysis: In predicting MetS, the AUROC, optimal cut-off, sensitivity and specificity of SBQ score
were 0.743 (95% CI: 0.657-0.829), > 3.5, 63.0% and 70.1%; in predicting HUA, they were 0.735 (95% CI:
0.626-0.843), > 4.5, 57.1% and 80.6% (see Figure 3).

Discussion
OSA is closely related to MetS and its multi-disease component and is more correlated with obesity and lipid metabolism
disorders.'" A meta-analysis showed that SBQ had a combined sensitivity of 85%, 88% and 90% for all OSAs, moderate
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to severe OSA, and severe OSA, with a combined specificity of 47%, 29% and 27%, respectively, and an AUROC of
0.84, 0.67, and 0.63, respectively.'? Currently, most screening questionnaires are designed for a specific population of
OSA, MetS or HUA. In this study, we firstly analyzed the risk of several abnormal metabolic indicators (eg, MetS and
HUA) by combining SBQ score. Our study demonstrated that compared with the low-risk group (SBQ score < 3), the
mid/high-risk group (SBQ score > 3) (ie, OSA high-risk population) suffered from a higher risk of several abnormal
metabolic indicators and then an evidently increased risk of MetS and HUA. Further statistical analysis proved the good
performance of SBQ in predicting MetS and HUA. This provides a new basis for the simultaneous prediction on the risks
of OSA and several abnormal body metabolites in the clinical work by using SBQ, and expands the application value of
SBQ in the evaluation of the risk of metabolic diseases.

In a cohort study of 1853 OSA patients without MetS, the 5.9-year follow-up showed that 17.2% OSA patients
developed MetS, and further subgroup analysis revealed that moderate and severe OSA patients were closely associated
with the occurrence of MetS (OR = 2.58 after correcting the confounding factors).'* As shown by the results of another
meta-analysis of 18 studies involving 157,607 patients (including 32,395 patients with OSA), UA in OSA patients was
higher than that in non-OSAS patients (WMD = 52.25, 95% CI: 36.16-64.33)."> Based on the results of a study to
investigate the change of UA excretion via urine in OSA patients before and after continuous positive airway pressure
(CPAP) treatment (20 OSA patients vs 10 healthy controls), the mean UA excretion was (0.55 + 0.10) mg/dl before
treatment, and remarkably decreased to (0.30 + 0.01) mg/dl after treatment, similar to that in the control group ((0.32 £
0.03) mg/dl).'* This may be related to the improvement of renal hemodynamics in OSA patients by CPAP.'> These
findings are highly consistent with our study conclusion.

OSA and MetS both can damage the body’s multiple systems, of which the cardiovascular system is damaged most
frequently and seriously. The morbidity rate of cardiovascular diseases (CVD) and the risk of CVD-related death are
significantly higher in the populations of OSA and MetS than in the ordinary population, thus increasing the medical burden
of individuals, families, and society.'®'” The studies have shown that the risk of CVD-related death in severe OSA patients is
increased by 2.7 folds as compared with non-OSA patients.'®'? Similarly, the risk of CVD in MetS patients is increased by
2.35 folds, specifically, the risk of myocardial infarction is increased by 1.99 folds and that of stroke by 2.27 folds;*® MetS
and relevant diseases bring an increase of 60% to the total healthcare costs.”' Therefore, in order to improve the prognosis
and quality of life of patients and reduce the social and economic burdens, it is of great significance to early identify OSA and
MetS high-risk populations, regularly monitor the relevant indicators of metabolic syndrome and actively take the proper
clinical interventions. Our study has confirmed that SBQ can not only screen OSA high-risk patients but also help the early
identification of individuals with possible abnormal metabolites. Meanwhile, considering good performance of SBQ in
predicting MetS and (or) HUA, we advocate SBQ screening of OSA patients by professionally trained doctors or nurses in
the grass-root hospitals and recommend transferring patients with SBQ score >3 to the Sleep Disorders Department and
Endocrine Department for the comprehensive evaluation of OSA and systematic metabolism, respectively.

This study has the following limitations: (1) it is a cross-sectional study with a poor causality testing capability; (2) no
further subgroup analysis was performed on the ethnicity, education, exercise and food habit of patients; (3) there was
a small sample size, and more large-sample-size longitudinal studies and (or) interventional studies are needed to detect
the improvement effects of various metabolic indicators before and after the standard treatment of OSA and thus validate
our study conclusion.

Conclusion
This study has proven that SBQ, as a convenient and promising screening tool, can identify individuals possibly with
several abnormal metabolites (especially MetS and HUA) in Chinese population from a cross-sectional view.
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