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Purpose: This study aimed to explore thyroid function changes in patients with obstructive sleep apnea (OSA) and analyze the 
relationships among the sleep apnea-specific hypoxic burden (SASHB), the sleep breathing impairment index (SBII), and the function 
during different sleep stages.
Methods: This retrospective study included 452 patients with OSA who visited the Second Affiliated Hospital of Xi’an Jiaotong 
University between August 2017 and March 2024. The severity of OSA was evaluated, grouping patients by their apnea–hypopnea 
index (AHI), SASHB, SBII, and both SASHB and SBII during non-rapid eye movement (NREM) and rapid eye movement (REM) 
sleep. Multiple linear regression analyzed the independent relationships between the AHI, SASHB, SBII, and thyroid function 
indicators while adjusting for potential confounders.
Results: Significant intergroup differences were observed in thyroid function indicators under various grouping methods, with 
different trends. After adjusting for confounding factors, SASHB, SASHB during NREM sleep (NREM-SASHB), SASHB during 
REM sleep (REM-SASHB), SBII, SBII during NREM sleep (NREM-SBII), and SBII during REM sleep (REM-SBII) were 
independently associated with elevated serum free triiodothyronine (FT3) levels (p < 0.05). Similar results were noted in the male 
patients, whereas no significant associations were observed in the female patients.
Conclusion: There is an association between OSA and thyroid function, with SASHB and SBII independently linked to elevated FT3 
levels across different sleep stages and sex subgroups. Future research should further explore these mechanisms to optimize clinical 
management and treatment strategies for patients with OSA.
Keywords: obstructive sleep apnea, sleep apnea-specific hypoxic burden, sleep breathing impairment index, thyroid function

Background
Obstructive sleep apnea (OSA), characterized by recurrent upper airway collapse during sleep, leads to chronic 
intermittent hypoxia (CIH), sleep fragmentation, and systemic pathophysiological changes.1–3 Globally affecting nearly 
1 billion people,4 OSA poses a growing public health challenge.5

In recent years, the bidirectional link between OSA and endocrine/metabolic disorders has gained significant 
attention,6 particularly the nuanced relationship between OSA and thyroid function.7 Thyroid hormones, regulated by 
the hypothalamic-pituitary-thyroid (HPT) axis, play critical roles in metabolism and cardiovascular function.8–11 Notably, 
the evidence regarding the association between OSA and thyroid function remains inconsistent. Some studies suggest 
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a subtle connection, such as hypothyroidism exacerbating OSA through airway narrowing7 and OSA-induced oxidative 
stress impairing thyroid hormone synthesis,12–15 other research, however, indicates no significant associations.16 Our 
previous study revealed that the progression of OSA may promote increased levels of TH, especially FT3, in non-elderly 
individuals.17 Adding to this inconsistency, several studies have reported an association between hypothyroidism and 
OSA severity.18 Together, these divergent findings highlight the need to clarify the contentious relationship between OSA 
and thyroid function, including its specific mechanisms and bidirectional interactions.

The sleep apnea-specific hypoxic burden (SASHB) and sleep breathing impairment index (SBII) are crucial early 
indicators for assessing hypoxia in OSA, comprehensively capturing respiratory event frequency, depth, and hypoxia 
duration.19,20 They can reflect the physiological impact of CIH more accurately than the traditional AHI.21 This focus on 
oxygen saturation dynamics is particularly relevant for studying thyroid function, as thyroid hormone synthesis and 
release are highly sensitive to hypoxic stress. By integrating hypoxia intensity and duration, SASHB and SBII offer 
a more precise tool for dissecting how CIH modulates thyroid hormone levels. Notably, SASHB has already been linked 
to glucose and lipid metabolism abnormalities22 and cardiovascular risks,23,24 underscoring its utility in capturing 
hypoxia-related endocrine and metabolic dysfunction. However, no relevant studies have been conducted on the relation-
ships among the SASHB, the SBII, and thyroid function.

Sleep consists of rapid eye movement (REM) and non-rapid eye movement (NREM) stages,25 with distinct 
physiological profiles influencing respiratory function. REM sleep, characterized by heightened brain activity and muscle 
atonia,25–27 contrasts with NREM sleep, where physiological functions like heart rate and respiration slow, promoting 
recovery.25,26 Patients with OSA exhibit more severe airway collapse during REM sleep, likely due to stage-specific 
neuromuscular regulation.28 Therefore, it is crucial to consider the impact of different sleep stages on physiological 
functions when studying the relationship between OSA and thyroid function.

Therefore, this study aimed to explore the thyroid function changes in patients with OSA and analyze the intrinsic 
connections between SASHB, SBII, and thyroid function indicators (such as thyroid hormones and antibodies). 
Additionally, this study focused on the associations between the SASHB and SBII during different sleep stages and 
thyroid function, which have never been explored previously. This research is of great theoretical and practical 
importance for comprehensively understanding the mechanisms by which OSA affects thyroid function, optimizing 
clinical diagnostic strategies, and developing targeted therapeutic interventions.

Subjects and Methods
Study Design and Participants
This retrospective study included 1681 individuals with suspected OSA who visited the Department of 
Otorhinolaryngology at Xi’an Jiaotong University Second Affiliated Hospital from August 2017 to March 2024. 
Participants were included if they (1) were ≥18 years of age; (2) had undergone overnight polysomnography (PSG) 
and were diagnosed with OSA; and (3) had complete TH and antibody test results. The exclusion criteria were as 
follows: (1) history of OSA treatment; (2) severe systemic diseases, such as heart, liver, lung, and kidney failure; (3) 
other non-OSA sleep disorders; (4) severe mental illnesses or malignant tumors; (5) use of sedatives or medications that 
may interfere with thyroid function; (6) missing clinical PSG data. After stringent screening, 452 participants with 
complete data were included in this study. The entire recruitment process is illustrated in Figure 1.

This study strictly adhered to the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of 
Xi’an Jiaotong University Second Affiliated Hospital (Approval No. 2022–1417), with all participants providing 
informed consent.

Data Elements
A total of 35 relevant clinical parameters were collected in this study, including the following candidate variables: (1) 
demographic characteristics, including sex and age; (2) anthropometric measures, including body mass index (BMI), 
neck circumference (NC) and waist circumference (WC), (3) comorbidities, including history of diabetes, coronary heart 
disease (CHD) and hypertension; (4) lifestyle habits, including smoking and alcohol use; (5) OSA-related history and 
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indicators, including total sleep time (TST) recorded during the overnight PSG study, Epworth Sleepiness Scale (ESS),29 

mean apnea duration, maximum apnea duration, apnea–hypopnea index (AHI), lowest nocturnal peripheral oxygen 
saturation (Lowest SpO2), time spent with peripheral oxygen saturation <90% (T90), percentage of time spent with 
peripheral oxygen saturation <90% (CT90), average heart rate during sleep, lowest heart rate during sleep, highest heart 
rate during sleep, SASHB, SASHB during NREM sleep (NREM-SASHB), SASHB during REM sleep (REM-SASHB); 
SBII, SBII during NREM sleep (NREM-SBII), and SBII during REM sleep (REM-SBII); (6) thyroid function-related 
indicators, including serum free triiodothyronine (FT3, pmol/L), serum free thyroxine (FT4, pmol/L), serum total 
triiodothyronine (TT3, nmol/L), serum total thyroxine (TT4, nmol/L), serum thyroid stimulating hormone (TSH, mIU/ 
L), thyroid peroxidase antibodies (Anti-TPO, IU/mL), thyroid globulin antibodies (Anti-TG, IU/mL), and reverse 
triiodothyronine (RT3, ng/dL). All fasting venous blood samples were collected between 7:00 and 8:00 AM on the 
morning immediately following an overnight PSG study, under strict quality control protocols, with thyroid function 
indicators analyzed using standardized laboratory procedures.

Sleep Evaluation
To obtain accurate and objective sleep parameters, all enrolled patients underwent overnight PSG monitoring at the Sleep 
Center of the Department of Otorhinolaryngology-Head and Neck Surgery at the Second Affiliated Hospital of Xi’an 
Jiaotong University. All the records were evaluated by certified clinical PSG experts, who comprehensively analyzed 
various parameters, including electroencephalography, electrooculography, electromyography, electrocardiography, nasal 
and oral airflow recordings, oxygen saturation levels, chest movements, and muscle activity.

The Epworth Sleepiness Scale (ESS) used in this study has been authorized by the copyright holder.

Calculation and Definition
The AHI is defined as the number of apnea and hypopnea events per hour during sleep. In addition, hypopnea is defined 
as an abnormal respiratory event lasting at least 10s with at least a 30% reduction in thoracoabdominal movement or 
airflow as compared with baseline and with at least a 4% oxygen desaturation.30 The SASHB is the total area under the 

Figure 1 Summary of patient inclusion and exclusion criteria.
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baseline SpO2 curve corresponding to respiratory events per hour during sleep. REM-SASHB and NREM-SASHB refer 
to the SASHB during REM and NREM sleep, respectively. The SBII is defined as the sum of the duration of breathing 
events and the corresponding desaturation area per hour during sleep. Accordingly, REM-SBII and NREM-SBII are the 
SBII during REM and NREM sleep, respectively. In this study, the calculations for SASHB and SBII were based on 
laboratory test data, including nasal airflow and blood oxygen saturation trend graphs. Using the algorithms developed by 
Ali Azarbarzin19 and Wenhao Cao,20 we created calculation codes for SASHB and SBII using Python software (version 
3.7), enabling efficient batch processing of the raw data. In this study, when the severity of OSA was evaluated by the 
AHI, patients were categorized according to the number of events per hour: mild OSA was defined as an AHI of 5 to less 
than 15, moderate OSA was defined as an AHI of 15 to less than 30, and severe OSA was defined as an AHI of 30 or 
higher. In addition, when the severity of OSA was assessed by the SASHB and SBII, patients were grouped according to 
quartiles.

Statistical Analysis
The statistical analyses were conducted using R software (version 4.3.2) and SPSS 26.0 (IBM Corporation, Armonk, NY, 
USA). If the data were normally distributed, the continuous variables were expressed as the means ± standard deviations; if 
the data were nonnormally distributed, they were expressed as the medians and interquartile ranges. Categorical variables 
are presented as counts (n) and percentages (%). First, OSA severity was assessed according to the AHI, SASHB, and SBII, 
and descriptive statistics were calculated. The Kruskal‒Wallis H-test was used for continuous variables, and the chi-square 
test was employed for categorical variables to examine intergroup differences in descriptive statistics. Additionally, 
Spearman correlation analysis was performed to assess the associations between thyroid function parameters and sleep 
parameters, with Benjamini–Hochberg false discovery rate (FDR) correction applied to account for multiple testing. 
Furthermore, multiple linear regression analysis was performed to evaluate the independent relationships between sleep 
parameters and thyroid hormone levels, adjusting for potential confounding factors. Sex-stratified analyses were also 
performed, with separate multiple linear regression models constructed for male and female subgroups to explore sex- 
specific associations. Moreover, collinearity diagnostics were conducted before statistical analysis to eliminate potential 
multicollinearity among the variables. All the statistical tests were two-tailed, with the significance level set at p < 0.05.

Results
Baseline and Sleep Parameter Characteristics
A total of 452 patients with OSA, 395 males and 57 females, were included in this study. Significant baseline differences 
were observed across AHI severity groups (all p < 0.05, Table 1). The male proportion increased with AHI severity, 
while BMI, NC, and WC showed an upward trend. Hypertension history, smoking, and alcohol use were more prevalent 
in the severe OSA group (23.51%, 70.82%, and 81.87%, respectively). Sleep parameters, including ESS, hypoxia 
duration (T90, CT90), and mean heart rate, worsened with increasing AHI, whereas Lowest SpO2 decreased 
progressively.

Table 1 Demographic Characteristics and Sleep Parameters of Patients According to the AHI

Variables Total (n = 452) 5 ≤ AHI <15 (n = 39) 15 ≤ AHI <30 (n = 60) AHI ≥ 30 (n = 353) p

Sex, n (%) <0.001

Male 395 (87.39) 20 (51.28) 52 (86.67) 323 (91.50)

Female 57 (12.61) 19 (48.72) 8 (13.33) 30 (8.50)

Age, years, M (Q₁, Q₃) 38.00 (32.00, 45.00) 35.00 (29.50, 44.00) 35.50 (31.00, 43.00) 38.00 (33.00, 45.00) 0.093

BMI, kg/m2, M (Q₁, Q₃) 27.76 (25.68, 29.95) 23.44 (21.53, 26.23) 26.15 (24.40, 27.78) 28.00 (26.20, 30.47) <0.001

NC, cm, M (Q₁, Q₃) 40.00 (38.00, 42.00) 36.00 (33.00, 38.00) 39.00 (37.00, 42.00) 40.00 (38.00, 42.00) <0.001

WC, cm, M (Q₁, Q₃) 99.00 (94.00, 106.00) 88.00 (80.50, 94.00) 95.50 (90.00, 101.25) 101.00 (96.00, 107.00) <0.001

(Continued)
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Thyroid Function Indicators
The relationship between OSA and thyroid function was explored in depth. When OSA severity was evaluated by the 
AHI, the results indicated significant differences in FT3, FT4, and TT3 levels among the mild, moderate, and severe OSA 
groups (all p < 0.05). Specifically, Dunn’s multiple comparison tests revealed significant differences in FT3 between the 
mild and moderate OSA groups (p < 0.01) and between the mild and severe OSA groups (p < 0.001); FT4 also showed 
significant differences between the mild and moderate OSA groups (p < 0.01) and between the mild and severe OSA 
groups (p < 0.01). TT3 differed only between the mild and severe OSA groups (p < 0.05). However, there were no 
significant differences in TT4, TSH, Anti-TPO, Anti-TG, or RT3 levels (all p > 0.05) (Figure 2 and Table 2).

In addition to being grouped by the AHI, patients were also classified according to SASHB (≤21.38, 21.38–74.47, 
74.47–221.21, and >221.21) and SBII (≤9.53, 9.53–36.05, 36.05–110.34, and >110.34) quartiles. In the analysis of 
intergroup differences, thyroid function indicators exhibited complex and diverse trends. There were statistically 
significant differences in the FT3 levels in the SASHB and SBII quartiles (all p < 0.01). With the gradual increase in 
the SASHB and SBII quartiles, the FT3 levels tended to increase. Although FT4 exhibited a meaningful intergroup 

Table 1 (Continued). 

Variables Total (n = 452) 5 ≤ AHI <15 (n = 39) 15 ≤ AHI <30 (n = 60) AHI ≥ 30 (n = 353) p

Diabetes, n (%) 0.644

Yes 15 (3.32) 2 (5.13) 2 (3.33) 11 (3.12)

No 437 (96.68) 37 (94.87) 58 (96.67) 342 (96.88)

CHD, n (%) 0.308

Yes 14 (3.10) 2 (5.13) 3 (5.00) 9 (2.55)

No 438 (96.90) 37 (94.87) 57 (95.00) 344 (97.45)

Hypertension, n (%) <0.01

Yes 91 (20.13) 4 (10.26) 4 (6.67) 83 (23.51)

No 361 (79.87) 35 (89.74) 56 (93.33) 270 (76.49)

Smoking, n (%) <0.001

Yes 298 (65.93) 9 (23.08) 39 (65.00) 250 (70.82)

No 154 (34.07) 30 (76.92) 21 (35.00) 103 (29.18)

Alcohol use, n (%) <0.01

Yes 355 (78.54) 23 (58.97) 43 (71.67) 289 (81.87)

No 97 (21.46) 16 (41.03) 17 (28.33) 64 (18.13)

ESS, M (Q₁, Q₃) 10.00 (7.00, 15.00) 8.00 (5.00, 11.50) 8.50 (6.00, 11.25) 11.00 (7.00, 16.00) <0.001

TST, min, M (Q₁, Q₃) 427.50 (364.00, 478.30) 416.00 (363.75, 468.55) 439.00 (375.62, 470.25) 428.00 (364.00, 485.50) 0.673

AHI, events/h, M (Q₁, Q₃) 60.17 (34.11, 76.32) 10.07 (7.80, 13.17) 22.33 (19.28, 26.64) 68.88 (53.01, 80.22) <0.001

Mean apnea duration, s, M (Q₁, Q₃) 25.90 (20.30, 31.00) 16.70 (14.05, 20.60) 22.65 (17.20, 27.27) 27.20 (22.40, 32.00) <0.001

Maximum apnea duration, s, M (Q₁, Q₃) 64.00 (45.50, 83.00) 24.00 (18.75, 39.50) 43.75 (30.38, 64.12) 70.50 (55.00, 86.00) <0.001

Lowest SpO2, %, M (Q₁, Q₃) 71.00 (59.00, 80.00) 88.00 (83.50, 89.00) 81.00 (76.50, 84.00) 67.00 (55.00, 75.00) <0.001

T90, min, M (Q₁, Q₃) 98.60 (30.75, 192.87) 6.37 (0.10, 17.38) 32.54 (11.20, 50.51) 131.80 (56.00, 223.40) <0.001

CT90, %, M (Q₁, Q₃) 22.75 (7.07, 43.12) 0.80 (0.01, 3.10) 7.30 (2.12, 11.54) 30.40 (13.90, 48.51) <0.001

Mean heart rate, cpm, M (Q₁, Q₃) 69.15 (63.53, 75.70) 65.50 (59.85, 70.70) 64.80 (61.67, 68.38) 70.80 (65.60, 76.80) <0.001

Lowest heart rate, cpm, M (Q₁, Q₃) 52.00 (46.00, 56.00) 50.00 (45.00, 55.00) 49.50 (46.00, 53.00) 52.00 (47.00, 57.00) <0.01

Maximum heart rate, cpm, M (Q₁, Q₃) 110.00 (104.00, 119.00) 106.00 (98.50, 117.00) 108.50 (100.75, 115.00) 111.00 (106.00, 119.00) <0.01

REM-SASHB, %min/h, M (Q₁, Q₃) 91.07 (28.46, 233.95) 8.73 (4.14, 27.50) 25.13 (9.50, 43.86) 132.98 (54.82, 310.96) <0.001

NREM-SASHB, %min/h, M (Q₁, Q₃) 74.81 (22.07, 241.20) 10.05 (4.37, 14.11) 19.01 (4.00, 38.95) 121.35 (50.19, 260.59) <0.001

SASHB, %min/h, M (Q₁, Q₃) 74.47 (21.71, 220.81) 10.51 (5.92, 16.18) 21.95 (7.16, 33.58) 118.08 (45.22, 256.13) <0.001

REM-SBII, %min2/h, M (Q₁, Q₃) 50.56 (12.49, 145.68) 3.77 (1.57, 11.50) 10.54 (3.74, 21.50) 75.98 (26.81, 206.03) <0.001

NREM-SBII, %min2/h, M (Q₁, Q₃) 36.65 (9.89, 113.59) 4.60 (1.81, 7.39) 9.12 (1.87, 21.35) 56.88 (21.79, 145.77) <0.001

SBII, %min2/h, M (Q₁, Q₃) 36.05 (9.53, 110.12) 4.72 (2.83, 7.99) 11.05 (2.77, 17.14) 59.45 (22.72, 133.57) <0.001

Abbreviations: AHI, apnea–hypopnea index; BMI, body mass index; NC, neck circumference; WC, waist circumference; CHD, coronary heart disease; ESS, Epworth 
Sleepiness Scale; TST, total sleep time; Lowest SaO2, lowest oxygen saturation at night; T90, sleep time spent with oxygen saturation below 90%; CT90, the percentage of 
sleep time with oxygen saturation below 90%; REM-SASHB, sleep apnea-specific hypoxic burden during rapid eye movement sleep; NREM-SASHB, sleep apnea-specific 
hypoxic burden during non-rapid eye movement sleep; SASHB, sleep apnea-specific hypoxic burden; REM-SBII, sleep breathing impairment index during rapid eye movement 
sleep; NREM-SBII, sleep breathing impairment index during non-rapid eye movement sleep; SBII, sleep breathing impairment index.
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difference when grouped by SBII severity (p < 0.05), post hoc multiple comparisons revealed no significant differences 
in the FT4 levels across groups. Additionally, as the SBII increased, the TSH tended to decrease initially and then 
increase (Figures 3 and 4, Table 3 and Table 4).

To further explore correlations among the SASHB, the SBII, and thyroid function during the NREM and REM 
periods, patients were regrouped according to REM-SASHB, NREM-SASHB, REM-SBII, and NREM-SBII severity. 
Focusing first on NREM sleep, significant differences in FT3, FT4, and TSH levels were found among the groups 
according to NREM-SASHB and NREM-SBII severity (all p < 0.05), with TSH levels initially decreasing but then 
increasing. The specific results of the multiple comparison tests are presented in Figure S1. In REM sleep, only FT3 
levels differed between the REM-SASHB and REM-SBII groups (all p < 0.05) (Tables S1–S4; Figures S1 and S2).

Exploration of the Correlation of Variables and Regression Analysis
Based on the correlation analysis results after FDR correction, we initially explored the correlations between PSG and 
thyroid function variables, demonstrating the necessity of regression analysis. FT3 was significantly positively correlated 
with AHI, mean apnea duration, T90, CT90, REM-SASHB, NREM-SASHB, SASHB, REM-SBII, NREM-SBII and SBII 
(all q < 0.05), and negatively correlated with lowest SpO2 (q < 0.05). FT4 was significantly positively correlated with 
TST and maximum heart rate (both q < 0.05). TT3 was significantly positively correlated with AHI, mean heart rate and 
maximum heart rate (all q < 0.05). Anti-TPO was significantly positively correlated with TST and T90, and negatively 
correlated with lowest SpO2 (all q < 0.05). The negative correlation between TSH and NREM-SBII did not remain 
significant after correction (q > 0.05), while TT4, Anti-TG and RT3 showed no significant correlations (all q > 0.05). 
These results further demonstrate the necessity of regression analysis to explore the independent associations (Tables S5 
and S6, Figure 5).

Figure 2 Mean values of FT3, FT4, and TT3 at the AHI level. (a) FT3; (b) FT4; (c) TT3. *P < 0.05, **P < 0.01, ****P < 0.0001. 
Abbreviations: FT3, serum free triiodothyronine; FT4, serum free thyroxine; TT3, serum total triiodothyronine; AHI, apnea–hypopnea index.

Table 2 Analysis of Thyroid Indicators According to AHI Severity

Variables Total (n = 452) 5 ≤ AHI < 15 (n = 39) 15 ≤ AHI <30 (n = 60) AHI ≥ 30 (n = 353) p

FT3, pmol/L, M (Q₁, Q₃) 5.39 (4.93, 5.79) 4.88 (4.58, 5.32) 5.24 (4.91, 5.92) 5.44 (5.03, 5.83) <0.001

FT4, pmol/L, M (Q₁, Q₃) 16.70 (15.10, 18.23) 15.49 (14.35, 16.88) 16.68 (15.96, 18.10) 16.84 (15.19, 18.35) <0.01
TT3, nmol/L, M (Q₁, Q₃) 1.89 (1.67, 2.10) 1.74 (1.60, 1.96) 1.81 (1.56, 2.13) 1.92 (1.72, 2.11) <0.05

TT4, nmol/L, M (Q₁, Q₃) 99.62 (88.20, 111.00) 97.30 (80.34, 106.00) 101.30 (89.04, 119.33) 99.90 (88.60, 111.10) 0.224

TSH, mIU/L, M (Q₁, Q₃) 2.18 (1.50, 3.25) 2.24 (1.83, 3.39) 2.12 (1.42, 3.62) 2.17 (1.51, 3.19) 0.661
Anti-TPO, IU/mL, M (Q₁, Q₃) 12.35 (8.93, 20.76) 10.46 (8.04, 14.79) 12.20 (8.86, 16.98) 12.70 (9.00, 21.73) 0.285

Anti-TG, IU/mL, M (Q₁, Q₃) 16.52 (13.70, 19.71) 18.43 (15.38, 22.70) 16.95 (14.88, 19.71) 16.36 (13.50, 19.35) 0.086

RT3, ng/dL, M (Q₁, Q₃) 51.25 (43.19, 61.35) 53.90 (40.95, 65.10) 50.58 (43.89, 62.75) 50.80 (43.30, 60.68) 0.776

Abbreviations: AHI, apnea–hypopnea index; FT3, serum free triiodothyronine; FT4, serum free thyroxine; TT3, serum total triiodothyronine; TT4, secretes total 
thyroxine; TSH, serum thyroid stimulating hormone; Anti-TPO, thyroid peroxidase antibodies; Anti-TG, thyroid globulin antibodies; RT3, reverse triiodothyronine.
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After fully adjusting for confounding factors, including age, sex and BMI, SASHB (β = 0.145; p < 0.01), NREM- 
SASHB (β = 0.127; p < 0.05), REM-SASHB (β = 0.137; p < 0.01), SBII (β = 0.132; p < 0.01), NREM-SBII (β = 0.095; 
p < 0.05), and REM-SBII (β = 0.145; p < 0.01) were independently associated with elevated FT3 levels, whereas the AHI 
was not independently associated with FT3 levels (Table 5).

In the male subgroup, multiple linear regression models were used to evaluate the associations between the AHI, 
SASHB, SBII, and thyroid function. In the same models, independent correlations were observed between SASHB 

Figure 3 Mean values of FT3 and FT4 at the SASHB level. (a) FT3; (b) FT4. *P < 0.05, **P < 0.01. 
Abbreviations: FT3, serum free triiodothyronine; FT4, serum free thyroxine; SASHB, sleep apnea-specific hypoxic burden.

Figure 4 Mean values of FT3, FT4, and TSH at the SBII level. (a) FT3; (b) FT4; (c) TSH. *P < 0.05, **P < 0.01. 
Abbreviations: FT3, serum free triiodothyronine; FT4, serum free thyroxine; TSH, serum thyroid stimulating hormone; SBII, sleep breathing impairment index.

Table 3 Analysis of Thyroid Indicators According to SASHB Severity

Variables Total (n = 452) SASHB ≤ 21.38  
(n = 113)

21.38 < SASHB ≤ 74.47  
(n = 113)

74.47 < SASHB ≤221.21  
(n = 113)

SASHB > 221.21  
(n = 113)

p

FT3, pmol/L, M (Q₁, Q₃) 5.39 (4.93, 5.79) 5.15 (4.76, 5.64) 5.39 (4.99, 5.78) 5.41 (5.07, 5.72) 5.53 (5.05, 5.89) <0.01

FT4, pmol/L, M (Q₁, Q₃) 16.70 (15.10, 18.23) 16.34 (15.08, 17.84) 17.29 (15.70, 18.50) 16.80 (14.95, 18.58) 16.40 (14.70, 17.92) <0.05

TT3, nmol/L, M (Q₁, Q₃) 1.89 (1.67, 2.10) 1.81 (1.63, 2.08) 1.89 (1.69, 2.08) 1.89 (1.76, 2.12) 1.96 (1.69, 2.14) 0.341

TT4, nmol/L, M (Q₁, Q₃) 99.62 (88.20, 111.00) 98.60 (87.68, 109.90) 97.95 (84.56, 114.00) 101.00 (89.40, 109.20) 100.00 (85.71, 111.00) 0.954

TSH, mIU/L, M (Q₁, Q₃) 2.18 (1.50, 3.25) 2.40 (1.83, 3.44) 2.03 (1.41, 3.07) 1.98 (1.36, 2.83) 2.24 (1.56, 3.38) 0.059

Anti-TPO, IU/mL, M (Q₁, Q₃) 12.35 (8.93, 20.76) 13.90 (8.94, 20.98) 12.26 (8.56, 19.44) 11.00 (8.53, 23.15) 12.59 (9.00, 19.51) 0.901

Anti-TG, IU/mL, M (Q₁, Q₃) 16.52 (13.70, 19.71) 17.10 (13.56, 20.00) 16.36 (13.46, 19.10) 16.30 (13.70, 19.64) 16.86 (14.40, 20.20) 0.62

RT3, ng/dL, M (Q₁, Q₃) 51.25 (43.19, 61.35) 51.90 (43.60, 63.35) 49.94 (42.30, 59.77) 52.60 (46.00, 60.68) 50.80 (43.40, 61.35) 0.428

Abbreviations: SASHB, sleep apnea-specific hypoxic burden; FT3, serum free triiodothyronine; FT4, serum free thyroxine; TT3, serum total triiodothyronine; TT4, 
secretes total thyroxine; TSH, serum thyroid stimulating hormone; Anti-TPO, thyroid peroxidase antibodies; Anti-TG, thyroid globulin antibodies; RT3, reverse 
triiodothyronine.
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(β = 0.152; p < 0.01), NREM-SASHB (β = 0.130; p < 0.05), REM-SASHB (β = 0.159; p < 0.01), SBII (β = 0.143; 
p < 0.01), NREM-SBII (β = 0.103; p < 0.05), and REM-SBII (β = 0.169; p < 0.01) with elevated FT3 levels. 
However, no significant independent associations were observed between the AHI, SASHB, SBII, and thyroid 
function indicators in the female subgroup (Tables 6 and 7).

Table 4 Analysis of Thyroid Indicators According to SBII Severity

Variables Total (n = 452) SBII ≤ 9.53  
(n = 113)

9.53 < SBII ≤ 36.05  
(n = 113)

36.05 < SBII ≤ 110.34  
(n = 113)

SBII > 110.34  
(n = 113)

p

FT3, pmol/L, M (Q₁, Q₃) 5.39 (4.93, 5.79) 5.14 (4.72, 5.64) 5.44 (5.03, 5.82) 5.41 (5.15, 5.69) 5.46 (4.98, 5.89) <0.01

FT4, pmol/L, M (Q₁, Q₃) 16.70 (15.10, 18.23) 16.34 (15.08, 18.10) 17.15 (15.75, 18.50) 16.90 (15.20, 18.58) 16.30 (14.70, 17.90) <0.05

TT3, nmol/L, M (Q₁, Q₃) 1.89 (1.67, 2.10) 1.83 (1.63, 2.08) 1.89 (1.65, 2.12) 1.94 (1.79, 2.13) 1.93 (1.66, 2.10) 0.182

TT4, nmol/L, M (Q₁, Q₃) 99.62 (88.20, 111.00) 99.40 (87.68, 108.30) 97.70 (84.58, 114.00) 101.10 (90.54, 111.10) 98.40 (82.80, 109.40) 0.391

TSH, mIU/L, M (Q₁, Q₃) 2.18 (1.50, 3.25) 2.45 (1.89, 3.63) 2.00 (1.41, 3.02) 1.93 (1.42, 2.70) 2.24 (1.46, 3.37) <0.01

Anti-TPO, IU/mL, M (Q₁, Q₃) 12.35 (8.93, 20.76) 14.10 (9.00, 21.47) 11.75 (8.40, 17.24) 11.25 (8.53, 24.63) 12.70 (9.00, 20.10) 0.358

Anti-TG, IU/mL, M (Q₁, Q₃) 16.52 (13.70, 19.71) 16.90 (13.50, 20.08) 16.35 (13.46, 18.60) 16.50 (13.80, 20.00) 16.70 (14.40, 20.58) 0.51

RT3, ng/dL, M (Q₁, Q₃) 51.25 (43.19, 61.35) 51.90 (43.40, 63.35) 50.08 (42.96, 59.77) 53.19 (46.00, 61.35) 50.70 (43.14, 60.96) 0.392

Abbreviations: SBII, sleep breathing impairment index; FT3, serum free triiodothyronine; FT4, serum free thyroxine; TT3, serum total triiodothyronine; TT4, secretes total 
thyroxine; TSH, serum thyroid stimulating hormone; Anti-TPO, thyroid peroxidase antibodies; Anti-TG, thyroid globulin antibodies; RT3, reverse triiodothyronine.

Figure 5 Heatmap of the correlations between sleep parameters and thyroid parameters. 
Abbreviations: TST, total sleep time; AHI, apnea–hypopnea index; Lowest SpO2, lowest oxygen saturation at night; T90, sleep time spent with oxygen saturation below 
90%; CT90, the percentage of sleep time with oxygen saturation below 90%; REM-SASHB, sleep apnea-specific hypoxic burden during rapid eye movement sleep; NREM- 
SASHB, sleep apnea-specific hypoxic burden during non-rapid eye movement sleep; SASHB, sleep apnea-specific hypoxic burden; REM-SBII, sleep breathing impairment index 
during rapid eye movement sleep; NREM-SBII, sleep breathing impairment index during non-rapid eye movement sleep; SBII, sleep breathing impairment index; FT3, serum 
free triiodothyronine; FT4, serum free thyroxine; TT3, serum total triiodothyronine; TT4, secretes total thyroxine; TSH, serum thyroid stimulating hormone; Anti-TPO, 
thyroid peroxidase antibodies; Anti-TG, thyroid globulin antibodies; RT3, reverse triiodothyronine.
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Table 5 Stepwise Multiple Linear Regression for Thyroid Indicators

Variable FT3, (pmol/L) TT3, (nmol/L) Anti-TPO, (IU/mL)

Model β p β p β p

AHI, (events/h) 0.098 0.063 0.001 0.986 0.089 0.115

REM-SASHB, (%min/h) 0.137 < 0.01 0.035 0.487 NA NA
NREM-SASHB, (%min/h) 0.127 < 0.01 NA NA NA NA

SASHB, (%min/h) 0.145 < 0.01 NA NA NA NA

REM-SBII, (%min2/h) 0.145 < 0.01 0.051 0.302 NA NA
NREM-SBII, (%min2/h) 0.095 < 0.05 NA NA NA NA

SBII, (%min2/h) 0.132 < 0.01 NA NA NA NA

Notes: Model adjusted for sex, age, body mass index (BMI), history of diabetes, history of coronary heart 
disease (CHD), history of hypertension, smoking history, alcohol use, neck circumference (NC), and waist 
circumference (WC). 
Abbreviations: AHI, apnea–hypopnea index; REM-SASHB, sleep apnea-specific hypoxic burden during 
rapid eye movement sleep; NREM-SASHB, sleep apnea-specific hypoxic burden during non-rapid eye 
movement sleep; SASHB, sleep apnea-specific hypoxic burden; REM-SBII, sleep breathing impairment 
index during rapid eye movement sleep; NREM-SBII, sleep breathing impairment index during non-rapid 
eye movement sleep; SBII, sleep breathing impairment index; FT3, serum-free triiodothyronine; TT3, 
serum total triiodothyronine; Anti-TPO, thyroid peroxidase antibodies.

Table 6 Stepwise Multiple Linear Regression Against Thyroid Indicators for Male 
Subgroups

Variable FT3, (pmol/L) TT3, (nmol/L) Anti-TPO, (IU/mL)

Model β p β p β p

AHI, (events/h) 0.086 0.123 0.002 0.976 0.104 0.071

REM-SASHB, (%min/h) 0.159 < 0.01 0.060 0.259 NA NA

NREM-SASHB, (%min/h) 0.130 < 0.05 NA NA NA NA
SASHB, (%min/h) 0.152 < 0.01 NA NA NA NA

REM-SBII, (%min2/h) 0.169 < 0.01 0.074 0.159 NA NA

NREM-SBII, (%min2/h) 0.103 < 0.05 NA NA NA NA
SBII, (%min2/h) 0.143 < 0.01 NA NA NA NA

Notes: Model adjusted for sex, age, body mass index (BMI), history of diabetes, history of coronary heart 
disease (CHD), history of hypertension, smoking history, alcohol use, neck circumference (NC), and waist 
circumference (WC). 
Abbreviations: AHI, apnea-hypopnea index; REM-SASHB, sleep breathing impairment index during 
nonrapid eye movement sleep; NREM-SASHB, sleep apnea-specific hypoxic burden during non-rapid eye 
movement sleep; SASHB, sleep apnea-specific hypoxic burden; REM-SBII, sleep breathing impairment 
index during rapid eye movement sleep; NREM-SBII, sleep breathing impairment index during non-rapid 
eye movement sleep; SBII, sleep breathing impairment index; FT3, serum free triiodothyronine; TT3, 
serum total triiodothyronine; Anti-TPO, thyroid peroxidase antibodies.

Table 7 Stepwise Multiple Linear Regression Against Thyroid Indicators for 
Female Subgroups

Variable FT3, (pmol/L) TT3, (nmol/L) Anti-TPO, (IU/mL)

Model β p β p β p

AHI, (events/h) 0.139 0.442 −0.110 0.578 0.082 0.690

REM-SASHB, (%min/h) 0.067 0.675 −0.316 0.660 NA NA

NREM-SASHB, (%min/h) 0.220 0.201 NA NA NA NA
SASHB, (%min/h) 0.181 0.285 NA NA NA NA

(Continued)
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Discussion
This study focused on the characteristics of thyroid function in patients with OSA. By analyzing clinical data and PSG 
results from 452 patients with OSA, we specifically investigated the intrinsic relationships between the SASHB, the SBII, 
and thyroid function indicators (such as thyroid hormones and antibodies) and how these relationships manifest across 
different severities of OSA, sleep stages, and sex subgroups. After adjusting for multiple variables, the SASHB, NREM- 
SASHB, REM-SASHB, SBII, NREM-SBII, and REM-SBII were found to be independently associated with elevated 
FT3 levels in male patients, whereas no significant associations were observed in female subgroups.

Existing research highlights a bidirectional link between OSA and thyroid dysfunction. Hypothyroidism is prevalent 
in 25–35% of patients with OSA.31 However, the prevalence of OSA in patients with hypothyroidism is also high.32,33 

Our data align with this interplay: thyroid function indicators varied significantly across AHI groups, reinforcing the 
complex relationship between OSA severity and thyroid hormones. In previous studies conducted by our team, we 
reported that the progression of OSA in nonelderly individuals might promote an increase in thyroid hormone levels, 
particularly FT3, driven by oxidative stress and inflammation.17 This study further confirms this finding. Mechanistically, 
this interplay might can be explained by distinct responses to varying hypoxia severity. Mild hypoxia triggers compen-
satory thyroid hormone secretion via HPT axis activation. Conversely, severe hypoxia induces oxidative stress-mediated 
injury to thyroid follicular cells, impairing thyroid hormone synthesis.12,13 Notably, most thyroid hormone levels in our 
cohort remained within normal ranges, potentially explaining discrepancies in prior studies.

The specific associations between SASHB, SBII, and thyroid function found in this study are novel. Existing research 
suggests that CIH in OSA can alter endocrine function by influencing thyroid hormone synthesis and release via the HPT 
axis, thereby affecting metabolic state.14,34 Therefore, incorporating the depth and duration of CIH into thyroid function 
assessments is meaningful. Our analysis revealed that FT3 levels increased with higher SASHB and SBII quartiles, 
possibly due to hypoxia stimulating thyroid cells and affecting FT3 secretion. Regarding FT4, although there was a trend 
of differences in the SBII group comparisons, post hoc multiple comparisons revealed no significant differences, 
suggesting that the mechanisms by which FT4 is affected by OSA might be more complex, possibly involving other 
yet unidentified regulatory factors. Additionally, the trend of TSH levels initially decreasing and then increasing with 
SBII might indicate an early attempt to maintain thyroid stability via negative feedback, which becomes imbalanced as 
OSA progresses. Notably, a significant correlation was found between FT3 levels, SASHB and SBII, but not with AHI. 
This result strongly suggests that the SASHB and SBII capture key information that the AHI cannot encompass, thereby 
providing more accurate and sensitive insight into the intrinsic relationship between OSA and thyroid function.

The interplay between sleep stages and thyroid function was an interesting finding. Previous studies often focused on 
comparing the AHI during REM and NREM periods, classifying OSA populations into REM phenotypes and NREM 
phenotypes,35,36 rather than studying the related sleep indicators for REM and NREM independently as a whole. 
Recently, more researchers have begun to recognize this, with one study finding a correlation between OSA during 

Table 7 (Continued). 

Variable FT3, (pmol/L) TT3, (nmol/L) Anti-TPO, (IU/mL)

Model β p β p β p

REM-SBII, (%min2/h) 0.081 0.595 −0.238 0.148 NA NA

NREM-SBII, (%min2/h) 0.158 0.326 NA NA NA NA
SBII, (%min2/h) 0.150 0.336 NA NA NA NA

Notes: Model adjusted for sex, age, body mass index (BMI), history of diabetes, history of coronary heart 
disease (CHD), history of hypertension, smoking history, alcohol use, neck circumference (NC) and waist 
circumference (WC). 
Abbreviations: AHI, apnea–hypopnea index; REM-SASHB, sleep apnea-specific hypoxic burden during 
rapid eye movement sleep; NREM-SASHB, sleep apnea-specific hypoxic burden during non-rapid eye 
movement sleep; SASHB, sleep apnea-specific hypoxic burden; REM-SBII, sleep breathing impairment 
index during rapid eye movement sleep; NREM-SBII, sleep breathing impairment index during non-rapid 
eye movement sleep; SBII, sleep breathing impairment index; FT3, serum free triiodothyronine; TT3, 
serum total triiodothyronine; Anti-TPO, thyroid peroxidase antibodies.
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REM and NREM sleep and lipid levels.37 These findings suggest that different sleep stages significantly impact 
endocrine and metabolic functions. In our study, the relationships between thyroid function indicators and OSA- 
related indicators differed during NREM and REM sleep. In NREM sleep, the FT3, FT4, and TSH levels significantly 
differed, with TSH initially decreasing but then increasing. This finding may be related to the physiological character-
istics of NREM sleep. NREM sleep accounts for the majority of total sleep duration and is predominantly mediated by 
the parasympathetic nervous system,27 during which metabolic and endocrine functions are relatively stable.25 The deep 
stages of NREM sleep are particularly associated with the secretion of growth hormone,38 significantly impacting thyroid 
function. Therefore, a greater SASHB and SBII during NREM sleep suggest that the patient experiences frequent or 
prolonged hypoxic and low oxygen saturation states during this phase, potentially leading to reduced secretion of thyroid 
hormones that might otherwise increase. In our study, only FT3 levels differed in relation to the REM-related SASHB 
and SBII groups, increasing with the severity of OSA. During REM sleep, increased sympathetic nervous system activity 
and a high metabolic state may suppress thyroid hormone secretion.26,27 Thus, a higher SASHB and SBII during REM 
sleep indicate that frequent or prolonged hypoxia overrides typical REM-related thyroid hormone suppression, resulting 
in increased secretion of TH. In summary, considering the physiological changes associated with different sleep stages 
and their regulatory effects on thyroid function may provide a basis for personalized treatment for patients with OSA.

An unexpected finding was the absence of significant associations in the female subgroup, in contrast to male-specific 
correlations between SASHB, SBII and FT3. This disparity may stem from sex-specific hormonal influences on thyroid- 
hypoxia interactions. Estrogen can modulate thyroid hormone-binding globulin levels, subsequently affecting TH’s 
metabolism and activity.39 Therefore, we speculate that during the pathophysiological changes associated with OSA, 
the hormonal dynamics could introduce variability that obscures direct OSA-TH associations in female. Additionally, the 
relatively small number of female patients in this study (57) may have limited the statistical power to detect associations 
between the AHI, SASHB, SBII, and thyroid function indicators, failing to adequately reflect the true physiological 
relationships.

This study is the first to investigate the relationships among the SASHB, the SBII, and thyroid function. Compared 
with the traditional AHI, these two indicators can more comprehensively reflect the characteristics of OSA-related 
respiratory events, capturing the degree of hypoxia and the duration and frequency of hypoxic events. By clearly 
establishing the independent correlations among FT3 and the SASHB and SBII, this study enriches our understanding 
of how OSA affects thyroid function and opens new avenues for research on the relationship between OSA and thyroid 
function. These findings suggest that future theoretical models should emphasize the impact of comprehensive quanti-
tative indicators of sleep respiratory events on the endocrine system. Furthermore, unlike previous studies, we employed 
more refined sleep stage-related indicators to analyze their relationships with thyroid function indicators. Additionally, 
we conducted separate analyses for the male and female subgroups, revealing sex differences in the associations between 
OSA and thyroid function; specifically, multiple indicators in the male subgroup showed significant independent 
correlations with thyroid function, whereas no obvious associations were observed in the female subgroup, providing 
a reference for future targeted research on sex differences.

This study also has several limitations. First, as a retrospective study using historical medical records, information 
bias may be present. Second, although 452 participants with complete data were included, the sample size is still 
relatively small for an in-depth exploration of complex relationships, such as sex differences and the intricate relation-
ships between different sleep stages and thyroid function and OSA indicators, which may limit the representativeness of 
the study results. Third, the single-center design introduces potential selection bias, affecting the generalizability of the 
findings. Notably, a large proportion of patients had severe OSA, likely reflecting clinical referral bias—patients with 
severe symptoms from a tertiary hospital sleep clinic were more likely to undergo PSG. Further multicenter, large-sample 
studies are needed to validate the conclusions of this study and improve its generalizability and reliability. Fourth, despite 
adjusting for potential confounders, unmeasured factors such as trace element deficiencies and medication history could 
still influence thyroid function, interfering with accurate assessment of the relationship between OSA and thyroid 
function. Fifth, this study is correlational and cannot determine the causal relationship between OSA and thyroid 
function abnormalities. Further prospective studies or animal experiments are needed for deeper exploration.

Nature and Science of Sleep 2025:17                                                                                               https://doi.org/10.2147/NSS.S525750                                                                                                                                                                                                                                                                                                                                                                                                   1553

Zhou et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Conclusion
Overall, this study revealed that the SASHB and SBII are independently correlated with elevated FT3 levels in patients 
with OSA, with significant associations observed in male but not female subgroups and that this relationship varies 
across sleep stages. Future research needs to improve in aspects such as larger prospective sample sizes, multicenter 
collaborations, and optimized study designs to explore further the exact mechanisms of the impact of OSA on thyroid 
function, providing more valuable theoretical support for clinical diagnosis and treatment.

Abbreviations
AHI, apnea–hypopnea index; Anti-TG, thyroid globulin antibodies; Anti-TPO, thyroid peroxidase antibodies; BMI, body 
mass index; CHD, coronary heart disease; CT90, the percentage of sleep time with oxygen saturation below 90%; ESS, 
Epworth Sleepiness Scale; FT3, serum free triiodothyronine; FT4, serum free thyroxine; HPT, hypothalamic‒pituitary‒ 
thyroid; Lowest SpO2, lowest transcutaneous oxygen saturation at night; NC, neck circumference; NREM, non-rapid eye 
movement; NREM-SASHB, sleep apnea-specific hypoxic burden during non-rapid eye movement sleep; NREM-SBII, 
sleep breathing impairment index during non-rapid eye movement sleep; OSA, obstructive sleep apnea; PSG, poly-
somnography; REM, rapid eye movement; REM-SASHB, sleep apnea-specific hypoxic burden during rapid eye move-
ment sleep; REM-SBII, sleep breathing impairment index during rapid eye movement sleep; RT3, reverse 
triiodothyronine; SASHB, sleep apnea-specific hypoxic burden; SBII, sleep breathing impairment index; T90, sleep 
time spent with oxygen saturation below 90%; TSH, serum thyroid stimulating hormone; TST, total sleep time; TT3, 
serum total triiodothyronine; TT4, secretes total thyroxine; WC, waist circumference.
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