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Objective: This study aimed to propose the hyperuricemia-waist (HUAW) phenotype and investigate the relationship between the 
HUAW phenotype and obstructive sleep apnea (OSA) in type 2 diabetes mellitus (T2DM).
Methods: We enrolled 255 patients with T2DM (165 male and 90 female) from the First Hospital of Qinhuangdao. The sleep test was 
performed, and serum uric acid (UA) levels and waist circumference (WC) were calculated. The HUAW phenotype was defined as 
serum UA concentrations ≥420 μmol/L and WC ≥90 cm (male) and ≥85 cm (female). The participants were categorized into four 
phenotype groups based on the mentioned cutoffs: normal WC and normal UA concentrations (group A); normal WC and elevated UA 
concentrations (group B); enlarged WC and normal UA concentrations (group C); and enlarged WC and elevated UA concentrations 
(group D). Among these participants, 17.6% were characterized by the HUAW phenotype, 80.0% had OSA, and 47.0% had moderate- 
to-severe OSA. The prevalence of OSA was 43.4%, 71.4%, 89.7%, and 97.8% in groups A, B, C, and D, respectively. The prevalence 
of moderate-to-severe OSA was 7.5%, 28.6%, 56.9%, and 72.7% in groups A, B, C, and D, respectively. After adjusting for age, sex, 
duration of diabetes, glycosylated hemoglobin A1c, smoking, and drinking, the HUAW phenotype was found to be significantly 
associated with OSA and moderate-to-severe OSA.
Conclusion: The present study proposed the HUAW phenotype and demonstrated that in T2DM, the HUAW phenotype was 
associated with OSA, especially with moderate-to-severe OSA. Unlike T2DM without the HUAW phenotype, T2DM with the 
HUAW phenotype showed a significantly higher prevalence of OSA, especially moderate-to-severe OSA. Thus, early sleep studies 
should be routinely examined in individuals with T2DM who display the HUAW phenotype.
Keywords: hyperuricemia, obstructive sleep apnea, type 2 diabetes mellitus, waist circumference

Introduction
Obstructive sleep apnea (OSA), hyperuricemia, and obesity have been recognized as common comorbidities of type 2 
diabetes mellitus (T2DM). Over the past decades, epidemiological and pathophysiological studies have found that OSA 
is associated with the development of T2DM and increases the risk of developing diabetes-related complications.1–3 

Several studies reported that OSA treatment might be essential in preventing diabetes progression.4,5 However, OSA is 
usually underdiagnosed in T2DM.6 Therefore, efforts should be made to detect OSA early in T2DM so as to intervene 
early and ultimately improve health and quality of life. Obesity and serum uric acid (SUA) level are common indicators 
of OSA.

First, previous epidemiological studies have reported a relationship between obesity and sleep disturbances. There is 
a very high prevalence of OSA in patients with obesity and, conversely, a high prevalence of obesity in patients with 
OSA. Research suggests that 60–90% of patients with OSA are obese, while the prevalence of OSA in obese populations 
is approximately 40%.7 Obesity is a major risk factor for OSA. Compared with stable weight, a 10% increase in weight 
predicted a 32% increase in the apnea-hypopnea index (AHI). A 10% weight gain predicted a sixfold increase in the risk 
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of developing moderate-to-severe sleep-disordered breathing.8 OSA may cause sleep deprivation, daytime somnolence, 
and disrupted metabolism, leading to worsening obesity.9,10 Waist circumference (WC) is a simple, inexpensive, widely 
used, and noninvasive tool to diagnose obesity, especially in patients with T2DM.11

Second, multiple studies suggested the close relationships of OSA with serum UA levels and gout. OSA causes 
hypoxic stress and can trigger UA overproduction.12 The comorbid disease burden and associated chronic inflammation 
and oxidative stress in hyperuricemia can be a risk factor for developing OSA.13 Multiple observational epidemiological 
studies have reported that patients with OSA have higher levels of serum UA; also, serum UA (SUA) is a marker of 
oxidative stress and tissue hypoxia in patients with OSA.14–16 Since the SUA level is an easily measurable indicator, the 
elevation of SUA levels as a clinical manifestation of OSA may trigger screening for OSA in turn.

As both SUA levels and obesity are associated with OSA, we hypothesized that the hyperuricemia-waist (HUAW) 
phenotype, defined as hyperuricemia and increased WC, might indicate the risk of OSA in T2DM. No previous study 
proposed the HUAW phenotype. Hence, this study aimed to analyze the relationship between the HUAW phenotype and 
OSA in T2DM.

Methods
A cross-sectional study was conducted after obtaining informed consent from patients with T2DM. All participants were 
recruited from the First Hospital of Qinhuangdao. They included men and women aged more than 18 years, with 
a diagnosis of T2DM (based on the American Diabetes Association diagnostic criteria).17 The exclusion criteria were as 
follows: (1) participants with type 1 diabetes; (2) participants with clinical evidence of other forms of endocrinopathy, 
such as Cushing’s syndrome, hyperthyroidism, and so forth; (3) participants taking medications known to affect UA 
metabolisms, such as febuxostat, benzbromarone, and allopurinol; (4) participants with moderate-to-severe OSA who had 
continuous positive airway pressure treatment or upper airway surgery and those with mild OSA who had oral appliance 
treatment; (5) patients with unstable cardiopulmonary disease such as congestive heart failure or intrinsic pulmonary 
disease; (6) patients with sleep disorders other than OSA, such as central sleep apnea syndrome and narcolepsy; (7) 
pregnancy; and (8) patients with acute and chronic inflammation. This study was approved by the ethics committee of the 
First Hospital of Qinhuangdao. All participants provided written informed consent before study initiation. This study 
complied with the Declaration of Helsinki.

Measurements
WC was accurately measured to the nearest 0.1 cm at the midway point between the lowest rib and the top of the iliac 
crest. All measurements were taken twice, and the two measurements were averaged for analysis. The sociodemographic 
variables were recorded, including age, sex, duration of diabetes, and smoking and drinking status.

Glycosylated hemoglobin A1c (HbA1c) was measured using high-performance liquid chromatography. The 
SUA level was measured by the uricase method.

All participants underwent the sleep test with Philips Respironics Alice NightOne Device (Respironics, Inc, USA) 
after hospitalization. The device provided seven data channels, including body position, pressure flow, snore, respiratory 
effort, SpO2, pleth, and pulse rate. The AHI was the average number of apneas/hypopneas per hour of sleep. The severity 
of OSA was categorized as non-, mild, moderate, and severe for AHI <5, 5–15, 15–30, and ≥30 times per hour, 
respectively.18 The severity of hypoxemia was categorized as non-, mild, moderate, and severe for the lowest oxygen 
saturation (LSaO2) during sleep≥90%, 90%–85%, 80%–85%, and <0%, respectively.19

Definition
The HUAW phenotype was defined as SUA concentrations ≥420 μmol/L and WC ≥90 cm (male) and 85 cm (female). The 
participants were categorized into four phenotype groups based on the mentioned cutoffs: normal WC (<90 cm for male and 
<85 cm for female) and normal SUA concentrations (<420 μmol/L) (group A); normal WC (<90 cm for male and <85 cm 
for female) and elevated SUA concentrations (≥420 μmol/L) (group B); enlarged WC (≥90 cm for male and ≥85 cm for 
female) and normal SUA concentrations (<420 μmol/L) (group C); and enlarged WC (≥90 cm for male and ≥85 cm for 
female) and elevated SUA concentrations (≥420 μmol/L) (group D).
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Statistical Analyses
All analyses were performed using the SPSS 23 statistical software (SPSS 23 for Windows; SPSS, Inc., IL, USA). 
Normal-distribution-based numerical variables were reported as mean ± standard deviation. Comparisons were conducted 
between groups using analysis of variance. Non-normal-distribution-based numerical variables were reported as median 
and quartiles. The groups were compared using the Mann–Whitney U-test. Prevalence data were compared using χ2 

analysis. Multiple logistic regression models were used for modeling the relationships between the HUAW phenotype 
and OSA. A P value <0.05 indicated a statistically significant difference.

Results
This study enrolled 255 patients with type 2 diabetes (165 male and 90 female), aged 52.05 ± 12.37 years, with the 
duration of diabetes 4.00 (1.00–9.00) years. Among these patients, 17.6% were characterized by the HUAW phenotype, 
80.0% had OSA, and 47.0% had moderate-to-severe OSA. The HUAW phenotype was higher in male patients than in 
female patients (28.9% vs 8.9%, P < 0.05).

Table 1 shows the characteristics of subgroups classified based on WC and UA levels. The age, duration of diabetes, 
HbA1c, and smoking were similar in the four groups (P > 0.05). The UA levels, WC, and AHI were significantly higher 
in group D than in groups A, B, and C (P < 0.05). The level of LSaO2 was significantly lower in group D than in groups 
A, B, and C (P < 0.05). The prevalence of OSA was significantly higher in group D than in groups A and B (group A, 
43.4%; group B, 71.4%; group C, 89.7%; group D, 97.8%, P < 0.05). The prevalence of hypoxemia was significantly 
higher in group D than in group A (95.6% vs 69.8%, P < 0.05). The prevalence of moderate-to-severe OSA was 
significantly higher in group D than in groups A, B, and C (group A 7.5%; group B 28.6%; group C 56.9%; group 
D 72.7%, P < 0.05). The prevalence of moderate-to-severe hypoxemia was significantly higher in group D than in groups 
A, B, and C (group A 45.3%; group B 38.1%; group C 67.6%; group D 84.4%, P < 0.05).

Figures 1 and 2 show the composition of different severities of OSA in different groups by phenotypes of serum UA 
concentrations and WC. The prevalence of OSA was found to increase gradually from group A to group D. The 
proportion of moderate-to-severe OSA gradually increased.

Table 2 shows the adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the risk of OSA according to the 
phenotypes of serum UA concentrations and WC. After adjusting for age, sex, duration of diabetes, HbA1c, smoking, 

Table 1 Characteristics of Participants by Phenotypes of SUA Concentrations and WC

Variables Total (n = 255) Group A (n = 53) Group B (n = 21) Group C (n = 136) Group D (n = 45) P

Sex (male/female) [n (%)] 165 (64.7)/90 (35.3) 30 (56.6)/23 (43.4) 15 (71.4)/6 (28.6) 83 (61.0)/53 (39.0) 37 (82.2)/8 (17.8)a,c 0.033

Age (year) 52.05 ± 12.37 52.89 ± 11.18 52.38 ± 12.36 53.18 ± 12.36 47.49 ± 13.07 0.056

Smoking [n (%)] 95 (37.3) 15 (28.3) 4 (19.0) 56 (41.2) 20 (44.4) 0.084

Drinking [n (%)] 88 (34.5) 12 (22.6) 7 (33.3) 46 (33.8) 23 (51.1)a,c 0.032

Duration of diabetes (year) 4.00 (1.00–9.00) 4.00 (1.75–9.50) 5.00 (1.00–9.50) 4.00 (1.00–9.00) 2.50 (0.40–9.00) 0.686

HbA1c (%) 8.62 ± 1.94 8.42 ± 1.96 8.45 ± 2.20 8.71 ± 1.92 8.69 ± 1.93 0.792

UA (μmol/L) 365.85 ± 95.46 300.08 ± 55.80 470.03 ± 83.65a 329.41 ± 48.36a,b 504.78 ± 65.82a,b,c 0.000

WC (cm) 94.33 ± 9.90 82.66 ± 4.80 85.41 ± 3.68 97.63 ± 7.31a,b 102.27 ± 8.30a,b,c 0.000

AHI 18.08 ± 15.56 6.41 ± 5.69 10.90 ± 8.41 19.88 ± 14.95a,b 29.71 ± 17.46a,b,c 0.000

LSaO2 (%) 81.68 ± 7.67 85.43 ± 5.21 84.24 ± 7.73 81.27 ± 7.24a 77.31 ± 8.95a,b,c 0.000

OSA [n (%)] 204 (80.0) 23 (43.4) 15 (71.4)a 122 (89.7)a,b 44 (97.8)a,b 0.000

Moderate-to-severe OSA 
[n (%)]

120 (47.0) 4 (7.5) 6 (28.6)a 77 (56.9)a,b 33 (72.7)a,b,c 0.000

Hypoxemia [n (%)] 225 (88.2) 37 (69.8) 17 (81.0) 128 (94.1)a,b 43 (95.6)a 0.000

Moderate and severe 
hypoxemia [n (%)]

162 (63.5) 24 (45.3) 8 (38.1) 92 (67.6)a,b 38 (84.4)a,b,c 0.000

Notes: Group A: normal WC and normal SUA concentrations; group B: normal WC and elevated SUA concentrations; group C: enlarged WC and normal SUA 
concentrations; group D: enlarged WC and elevated SUA concentrations. aCompared with group A, P < 0.05; bCompared with group B, P < 0.05; cCompared with group C, 
P < 0.05. 
Abbreviations: AHI, Apnea-hypopnea index; HbA1c, glycosylated hemoglobin A1c; LSaO2, lowest oxygen saturation; OSA, obstructive sleep apnea; UA, uric acid; WC, 
waist circumference.
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and drinking, groups B, C, and D were significantly associated with OSA, defined as AHI ≥5 events/h, compared with 
group A (group B: OR 3.678, 95% CI 1.150–11.760, P = 0.028; group C: OR 12.112, 95% CI 5.342–27.463, P = 0.000; 
group D: OR 82.387, 95% CI 9.873–687.495, P = 0.000).

Table 3 shows the adjusted ORs and 95% CIs for the risk of moderate-to-severe OSA according to the phenotypes of 
serum UA concentrations and WC. After adjusting for age, sex, duration of diabetes, HbA1c, smoking, and drinking, 
groups B, C, and D were significantly associated with moderate-to-severe OSA, defined as AHI ≥15 events/h, compared 
with group A (group B: OR 4.744, 95% CI 1.117–20.146, P = 0.035; group C: OR 21.286, 95% CI 6.847–66.169, P = 
0.000; group D: OR 55.110, 95% CI 14.854–204.462, P = 0.000; Table 3).

Figure 1 Composition of different severities of OSA in different groups by phenotypes of serum UA levels and WC (n). 
Notes: Group A: normal WC and normal serum UA levels; group B: normal WC and elevated SUA levels; group C: enlarged WC and normal SUA levels; group D: enlarged 
WC and elevated SUA levels. a: compared with group A, P < 0.05; b: compared with group B, P < 0.05; c: compared with group C, P < 0.05.

Figure 2 Composition of different severities of OSA in different groups by phenotypes of SUA levels and WC (%). 
Notes: Group A: normal WC and normal SUA levels; group B: normal WC and elevated SUA levels; group C: enlarged WC and normal SUA levels; group D: enlarged WC 
and elevated SUA levels. a: compared with group A, P < 0.05; b: compared with group B, P < 0.05; c: compared with group C, P < 0.05.
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Table 4 shows the findings of multivariable logistic regression analyses for OSA and moderate-to-severe OSA. After 
adjusting for sex, age, smoking, drinking, duration of diabetes, and HbA1c, both UA and WC were the risk factors for 
OSA and moderate-to-severe OSA in T2DM.

Discussion
No previous study proposed the HUAW phenotype and explored the relationship between the HUAW phenotype and 
OSA in T2DM. In this study, we defined the HUAW phenotype as SUA concentrations ≥420 μmol/L and WC ≥90 cm 
(male) and ≥85 cm (female). The diagnostic criteria were based on the definition of hyperuricemia proposed by the 

Table 2 Adjusted ORs and 95% CIs for OSA (AHI ≥5) Risk According to Phenotypes of Serum UA Concentrations and WC

Variables Cases/ 
Controls

Cases 
(%)

Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Group A 23/30 43.4 1.00 1.00 1.00

Group B 15/6 71.4 3.261 (1.095–9.713) 0.034 3.483 (1.126–10.776) 0.030 3.678 (1.150–11.760) 0.028

Group C 122/14 89.7 11.366 (5.235–24.677) 0.000 12.548 (5.602–28.104) 0.000 12.112 (5.342–27.463) 0.000

Group D 44/1 97.8 59.391 (7.350–448.133) 0.000 80.708 (9.863–660.446) 0.000 82.387 (9.873–687.495) 0.000

Notes: Group A: normal WC and normal SUA concentrations; group B: normal WC and elevated SUA concentrations; group C: enlarged WC and normal SUA 
concentrations; group D: enlarged WC and elevated SUA concentrations. Model 1 univariate logistic regression analysis. Model 2 adjusted for age and sex. Model 3 adjusted 
model 2 covariates plus duration of diabetes, HbA1c, smoking, and drinking. 
Abbreviations: CI, confidence interval; OR, odds ratio; UA, uric acid; WC, waist circumference.

Table 3 Adjusted ORs and 95% CIs for Moderate-to-Severe OSA (AHI ≥15) Risk According to Phenotypes of Serum UA 
Concentrations and WC

Variables Cases/ 
Controls

Cases 
(%)

Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Group A 4/49 7.5 1.00 1.00 1.00

Group B 6/15 28.6 4.900 (1.219–19.694) 0.025 5.057 (1.218–20.996) 0.026 4.744 (1.117–20.146) 0.035

Group C 77/59 56.9 15.987 (5.461–46.802) 0.000 18.428 (6.105–55.631) 0.000 21.286 (6.847–66.169) 0.000

Group D 33/12 72.7 33.687 (9.999–113.493) 0.000 50.359 (13.894–182.523) 0.000 55.110 (14.854–204.462) 0.000

Notes: Group A: normal WC and normal SUA concentrations; group B: normal WC and elevated SUA concentrations; group C: enlarged WC and normal SUA 
concentrations; group D: enlarged WC and elevated SUA concentrations. Model 1 univariate logistic regression analysis. Model 2 adjusted for age and sex. Model 3 adjusted 
model 2 covariates plus duration of diabetes, HbA1c, smoking, and drinking. 
Abbreviations: CI, confidence interval; OR, odds ratio; UA, uric acid; WC, waist circumference.

Table 4 Multivariable Logistic Regression Analysis for OSA

Characteristics OSA (AHI ≥5) Moderate-to-Severe OSA (AHI ≥15)

OR 95% CI P value OR 95% CI P value

Sex (male/female) 0.513 0.269–0.976 0.042

Age (year) 1.040 1.009–1.073 0.012 1.055 1.028–1.082 0.000

UA (normal/elevated) 3.704 1.391–9.864 0.009 2.241 1.078–4.660 0.031

WC (normal/enlarged) 14.225 6.666–30.355 0.000 14.890 6.561–33.793 0.000

Note: Independent variables: sex, age, smoking, drinking, duration of diabetes, HbA1c, UA, and WC. 
Abbreviations: CI, confidence interval; HbA1c, glycosylated hemoglobin A1c; OR, odds ratio; UA, uric acid; WC, waist circumference.
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Chinese Society of Endocrinology and the definition of metabolic syndrome proposed by the Chinese Diabetes 
Society.20,21 The diagnostic criteria were race specific and based on epidemiological evidence. Our study showed that 
17.6% of patients with T2DM were characterized by the HUAW phenotype, 80.0% had OSA, and 47.0% had moderate- 
to-severe OSA. Patients with T2DM had a high prevalence of OSA. Patients with the HUAW phenotype had 
a significantly higher prevalence of OSA than those without the HUAW phenotype. Almost all patients with the 
HUAW phenotype had OSA, and more than half had moderate-to-severe OSA. The HUAW phenotype was significantly 
associated with an increased OSA risk in T2DM. These findings remained significant after model adjustment.

OSA is a common and underdiagnosed medical condition characterized by repeated partial and complete upper airway 
collapse and oxygen desaturation during sleep. It is closely correlated with T2DM. Intermittent hypoxia and sleep fragmenta-
tion in patients with OSA can induce sympathetic nervous system activation, systemic inflammation, oxidative stress, 
appetite-regulating hormone alterations, and hypothalamic–pituitary–adrenal axis activation, which, in turn, promote the 
development of insulin resistance and T2DM.22,23 Several studies revealed a significantly higher prevalence of OSA in 
patients with T2DM compared with the general population. In a substudy of the Look AHEAD (Action for Health in Diabetes) 
trial, the prevalence of OSA in T2DM was 86% and that of moderate-to-severe OSA was 53%.24 A study of consecutive 
patients with T2DM referred to a diabetes clinic reported the prevalence of moderate-to-severe OSA as 36%.25 In the Sleep 
Heart Health Study, 23.8% of participants had moderate or severe OSA.26 However, in this study, the prevalence of OSA was 
80%, and the prevalence of moderate-to-severe OSA was 47%. The treatment of the sleep disorder might be possible to 
prevent diabetes progression.4,5 Therefore, efforts should be made to diagnose and treat sleep disorders in T2DM so as to 
ultimately improve health and, therefore, quality of life. However, clinically, patients with T2DM are not positively screened 
for OSA.27 The diagnosis and screening of OSA rely on polysomnography28 or portable home-based cardio-respiratory Type 
III devices.29 The limited availability of these devices poses a major constraint in diagnosing and screening OSA. Popularizing 
the use of sleep studies in all patients with T2DM in many medical institutions, such as clinics and even hospitals, is 
a challenging task. For OSA intervention, detecting high-risk groups and performing targeted sleep monitoring is important, 
which requires a simple, inexpensive, and accurate tool for identifying OSA. The present study demonstrated that the HUAW 
phenotype was a helpful tool for detecting the presence of OSA in T2DM.

Obesity is one of the major risk factors for OSA30 and is also commonly found in patients with T2DM. OSA may contribute to 
obesity or excess weight through increased sympathetic activation, sleep deprivation, and changes in leptin, ghrelin, and orexin 
levels, thus increasing caloric intake.9,10 Obesity can increase fat deposits around the upper airway, narrow the upper airway, and 
diminish the activity of the muscles in this region, collapsing the airway during sleep and thus resulting in OSA.9,31–33 Also, 
central obesity may indirectly cause OSA due to restricted thoracic volume, resulting in diminished airway caliber or obesity- 
related hypoventilation.34 Visceral fat has been associated with an increased risk of T2DM in those with OSA.35,36 In another 
study, waist but not neck circumference was seen as an associated risk factor for OSA in obese patients with T2DM.24 Previous 
studies demonstrated that waist might serve as a useful predictor for OSA in patients with T2DM.

Hyperuricemia is an independent risk factor for developing T2DM.37 Previous studies observed a relationship between OSA 
and increased SUA levels.14,16,38–41 A meta-analysis of 18 studies, comprising 157,607 patients (32,395 with OSA and 125,212 
without OSA) and 12,262 patients with gout, showed that SUA levels were higher in patients with OSA and the relationship 
between OSA and SUA levels was quite robust.42 UA has been linked with OSA mainly through oxidative stress as a common 
pathway. It has been postulated that recurrent hypoxia in OSA leads to increased adenosine triphosphate degradation and 
associated purine catabolism that may increase UA levels.12 However, the effect of OSA therapy on UA levels yielded conflicting 
results. A meta-analysis, published in 2019, involving 5 studies with 270 patients, showed no change in UA levels before and after 
continuous positive airway pressure (CPAP) treatment in patients with OSA.43 However, after 2 years, a retrospective study, 
including 604 patients with OSA, showed that UA levels decreased significantly after CPAP treatment for 6 months [median: 7.0 
(6.4, 8.1) mg/dL vs 6.4 (6.2, 6.8) mg/dL].44 As both diabetes and OSA were related to SUA levels, the measurement of SUA level 
might be a useful marker of oxidative stress of OSA among patients with T2DM.

In the present study, the levels of AHI gradually increased, the levels of LSaO2 gradually decreased, and the 
prevalence of OSA and moderate-to-severe OSA gradually increased from group A to group D. The present results 
illustrated that when patients with T2DM had both enlarged WC and elevated SUA levels, a superimposed effect on OSA 
might exist. Patients with T2DM having the HUAW phenotype should undergo early sleep testing. Interestingly, the AHI 
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and the prevalence of OSA were significantly higher in group C than in group B. This might be attributed to the stronger 
relationships between obesity and OSA compared with the relationship between hyperuricemia and OSA.

The strengths of this study included its first proposal of HUAW phenotype and exploration of the relationship 
between HUAW phenotype and OSA. However, the study had several potential limitations. First, we could not identify 
the causal relationship between HUAW phenotype and OSA because of the cross-sectional design of this study. Second, 
polysomnography is the gold standard for diagnosing OSA. However, limited by the conditions of this study, the 
assessment of overnight sleep quality was performed using the Alice NightOne home sleep testing device. Third, the 
sample size of this study was small, leading to low accuracy of prevalence and relationships and low reproducibility of 
results. The confidence interval is wide in Table 2 and Table 3, which might be due to the small sample size. A larger- 
sample study should be conducted in the future to confirm the relationship between the HUAW phenotype and OSA. 
Fourth, all participants were recruited from North China, and all participants had T2DM. This was a highly selected 
population, and the proportion of patients with OSA was extremely high. These factors limited the generalizability of the 
results to other populations. Finally, some confounding factors were not controlled.

Conclusions
The present study proposed the HUAW phenotype and demonstrated that the HUAW phenotype in T2DM was associated 
with OSA. Compared with T2DM without the HUAW phenotype, T2DM with the HUAW phenotype showed 
a significantly higher prevalence of OSA, especially moderate-to-severe OSA. Hence, more attention should be given 
to UA levels and WC in the clinical screening of patients with T2DM. Early sleep studies should be routinely performed 
in patients with T2DM having the HUAW phenotype.

Data Sharing Statement
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