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Model architecture
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[bookmark: _Ref175822429][bookmark: _Ref175822424]Figure S1: An example of a residual block used for Nox BodySleep 2.0 (NBS2) where raw time series data is processed through a series of steps. These steps include 1) Batch normalization, which normalizes across the respective data batch; 2) Activation function, NBS2 uses “Swish” which maps respective results to a range between a slightly negative value and one [1]; 3) Dilated Convolution, which uses spaced-out filters to capture long-range dependencies in time-series data; 4) Dropout, a common technique applied during training to increase the network´s robustness [2]. Additionally, the residual block includes a skip-connection, which is a pathway that effectively bypasses the main step sequence [3, 4]. The order of operations in our model was inspired by an architecture proposed by He et al. [5].
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Figure S2: The model architecture for NBS2, where residual layers are illustrated in Figure S1. The RIP belt signals are provided as input (at 25Hz) to yield the sleep-state (Wake, REM, NREM) and arousal probabilities, where the former is returned for each sleep epoch and the latter on a second basis. The first six layers learn low-level features that are shared by both output branches. The arousal branch has two more layers than the sleep-state branch as it employs a different method to reduce the output to the desired temporal resolution; i.e., the arousal branch pools the data whereas the sleep-state branch flattens it and performs a Softmax activation.
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Figure S3: Distribution of arousal durations across the dataset (n=1299 patients). The histogram compares all manually scored arousals to all NBS2-scored arousals. In accordance with AASM scoring guidelines, neither approach scores arousals shorter than 3 seconds. NBS2 tends to score longer arousals (mean: 8.1 seconds, n=241,817) compared to manual scoring (mean: 6.2 seconds, n= 241,377). This discrepancy in arousal duration may be due to differences in scoring conventions between the training and validation datasets, which were sourced from different scoring sites.
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Figure S4: Bland-Altman plot of log-transformed Arousal Index (ArI) values, illustrating the agreement between Nox BodySleep 2.0 (NBS2) predicted and manually scored estimates.

Stratified results
This section presents additional results for the Nox BodySleep 2.0 algorithm, showing performance metrics and confusion matrices segmented by apnea-hypopnea index (AHI) and periodic limb movement index (PLMSI) subgroups.
Patient-level results statistics
Table S1: Distribution of algorithm performance across the study population (n=1299), reported as mean (standard deviation).
	
	Sensitivity %
	Specificity %
	Accuracy %
	F1 Score %

	Wake
	75.0 (17.3)
	95.8 (7.2)
	92.3 (6.1)
	76.8 (14.7)

	NREM
	93.6 (7.8)
	79.7 (13.8)
	89.3 (6.2)
	91.4 (6.8)

	REM
	78.2 (22.9)
	98.2 (2.3)
	95.9 (3.2)
	76.6 (24.4)

	Arousal
	64.3 (17.3)
	85.8 (10.1)
	81.6 (7.1)
	59.8 (13.3)



Epoch-level results segmented by AHI groups
Table S2: Epoch-level performance of the algorithm in detecting sleep states and arousals for the subset of patients with AHI < 5 events/hour (n=118). Results are reported as median [95% confidence interval] for sensitivity, specificity, accuracy, and F1 score.
	
	Sensitivity %
	Specificity %
	Accuracy %
	F1 Score %

	Wake
	76.9 [72.9, 80.7]
	97.1 [96.3, 97.8]
	93.1 [92.0, 94.1]
	81.5 [78.5, 84.2]

	NREM
	95.3 [94.4, 96.1]
	79.4 [76.7, 82.0]
	89.8 [88.7, 90.8]
	92.4 [91.6, 93.2]

	REM
	79.8 [76.0, 83.1]
	98.6 [98.2, 98.9]
	95.8 [95.2, 96.4]
	84.9 [82.6, 86.9]

	Arousal
	59.4 [56.2, 62.6]
	88.9 [87.6, 90.0]
	83.5 [82.3, 84.7]
	56.7 [54.0, 59.1]



Table S3: Epoch-level performance of the algorithm in detecting sleep states and arousals for the subset of patients with 5 ≤ AHI < 15 events/hour (n=416). Results are reported as median [95% confidence interval] for sensitivity, specificity, accuracy, and F1 score.
	
	Sensitivity %
	Specificity %
	Accuracy %
	F1 Score %

	Wake
	77.8 [75.7, 79.8]
	96.9 [96.5, 97.2]
	93.1 [92.6, 93.5]
	81.7 [80.3, 83.1]

	NREM
	94.9 [94.4, 95.3]
	80.4 [78.8, 81.9]
	90.1 [89.5, 90.6]
	92.7 [92.3, 93.1]

	REM
	80.4 [78.4, 82.2]
	98.3 [98.1, 98.5]
	96.0 [95.7, 96.2]
	84.1 [82.8, 85.2]

	Arousal
	58.9 [57.3, 60.6]
	89.4 [88.8, 90.0]
	84.0 [83.5, 84.6]
	56.6 [55.4, 57.8]



Table S4: Epoch-level performance of the algorithm in detecting sleep states and arousals for the subset of patients with 15 ≤ AHI < 30 events/hour (n=344). Results are reported as median [95% confidence interval] for sensitivity, specificity, accuracy, and F1 score.
	
	Sensitivity %
	Specificity %
	Accuracy %
	F1 Score %

	Wake
	76.9 [74.9, 78.9]
	96.5 [95.7, 97.1]
	92.8 [92.1, 93.5]
	80.0 [78.3, 81.5]

	NREM
	94.1 [93.1, 94.8]
	80.8 [79.4, 82.2]
	89.7 [89.0, 90.3]
	92.4 [91.9, 92.9]

	REM
	82.5 [80.6, 84.3]
	98.1 [97.9, 98.4]
	95.9 [95.6, 96.2]
	85.3 [84.0, 86.4]

	Arousal
	63.2 [61.3, 65.0]
	88.1 [87.3, 88.8]
	82.7 [82.0, 83.2]
	61.3 [60.1, 62.5]



Table S5: Epoch-level performance of the algorithm in detecting sleep states and arousals for the subset of patients with AHI ≥ 30 events/hour (n=421). Results are reported as median [95% confidence interval] for sensitivity, specificity, accuracy, and F1 score.
	
	Sensitivity %
	Specificity %
	Accuracy %
	F1 Score %

	Wake
	78.9 [77.3, 80.4]
	95.0 [94.4, 95.7]
	91.2 [90.5, 91.8]
	81.0 [79.6, 82.4]

	NREM
	92.4 [91.6, 93.1]
	80.5 [79.2, 81.7]
	88.2 [87.5, 88.8]
	91.0 [90.4, 91.5]

	REM
	78.7 [76.4, 80.8]
	98.0 [97.8, 98.3]
	95.8 [95.5, 96.1]
	81.2 [79.6, 82.6]

	Arousal
	72.3 [70.4, 74.2]
	81.1 [79.9, 82.3]
	78.1 [77.3, 78.8]
	69.5 [68.1, 70.9]



Confusion matrices for sleep segmented by AHI groups
Table S6: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified sleep states in the subset of patients with AHI < 5 events/hour (n=118). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Wake
	NREM
	REM
	# Epochs

	Wake
	77%
	22%
	1%
	19,366

	NREM
	3%
	95%
	2%
	63,989

	REM
	2%
	19%
	80%
	14,403



Table S7: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified sleep states in the subset of patients with 5 ≤ AHI < 15 events/hour (n=416). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Wake
	NREM
	REM
	# Epochs

	Wake
	78%
	21%
	1%
	66,326

	NREM
	3%
	95%
	2%
	222,097

	REM
	2%
	18%
	80%
	44,077



Table S8: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified sleep states in the subset of patients with 15 ≤ AHI < 30 events/hour (n=344). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Wake
	NREM
	REM
	# Epochs

	Wake
	77%
	22%
	1%
	51,426

	NREM
	4%
	94%
	2%
	184,720

	REM
	1%
	16%
	83%
	39,789



Table S9: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified sleep states in the subset of patients with AHI ≥ 30 events/hour (n=421). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Wake
	NREM
	REM
	# Epochs

	Wake
	79%
	20%
	1%
	79,060

	NREM
	5%
	92%
	2%
	213,295

	REM
	2%
	19%
	79%
	37,958



Confusion matrices for arousal segmented by AHI groups
Table S10: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified arousals in the subset of patients with AHI < 5 events/hour (n=118). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Arousal
	No Arousal
	# Epochs

	Arousal
	59%
	41%
	17,754

	No Arousal
	11%
	89%
	80,030



Table S11: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified arousals in the subset of patients with 5 ≤ AHI < 15 events/hour (n=416). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Arousal
	No Arousal
	# Epochs

	Arousal
	59%
	41%
	58,737

	No Arousal
	11%
	89%
	273,881



Table S12: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified arousals in the subset of patients with 15 ≤ AHI < 30 events/hour (n=344). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Arousal
	No Arousal
	# Epochs

	Arousal
	63%
	37%
	60,070

	No Arousal
	12%
	88%
	215,930



Table S13: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified arousals in the subset of patients with AHI ≥ 30 events/hour (n=421). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Arousal
	No Arousal
	# Epochs

	Arousal
	72%
	28%
	114,212

	No Arousal
	19%
	81%
	216,192



Epoch-level results segmented by PLMSI groups
Table S14: Epoch-level performance of the algorithm in detecting sleep states and arousals for the subset of patients with PLMSI < 15 events/hour (n=1248). Results are reported as median [95% confidence interval] for sensitivity, specificity, accuracy, and F1 score.
	
	Sensitivity %
	Specificity %
	Accuracy %
	F1 Score %

	Wake
	78.1 [77.0, 79.2]
	96.3 [95.9, 96.6]
	92.5 [92.2, 92.8]
	81.2 [80.3, 82.0]

	NREM
	93.9 [93.5, 94.3]
	80.7 [79.9, 81.5]
	89.4 [89.1, 89.7]
	92.1 [91.9, 92.4]

	REM
	80.9 [79.8, 81.9]
	98.2 [98.1, 98.3]
	95.9 [95.7, 96.1]
	83.9 [83.2, 84.6]

	Arousal
	66.0 [64.8, 67.2]
	87.0 [86.5, 87.4]
	81.9 [81.5, 82.3]
	63.8 [62.9, 64.7]



Table S15: Epoch-level performance of the algorithm in detecting sleep states and arousals for the subset of patients with PLMSI ≥ 15 events/hour (n=51). Results are reported as median [95% confidence interval] for sensitivity, specificity, accuracy, and F1 score.
	
	Sensitivity %
	Specificity %
	Accuracy %
	F1 Score %

	Wake
	73.6 [67.0, 79.6]
	95.4 [93.4, 96.9]
	90.1 [87.8, 92.1]
	78.3 [73.6, 82.6]

	NREM
	93.9 [91.7, 95.6]
	74.3 [69.3, 78.9]
	86.9 [84.7, 88.9]
	90.2 [88.3, 91.9]

	REM
	68.6 [58.6, 77.1]
	98.6 [97.8, 99.2]
	95.2 [93.8, 96.4]
	76.1 [68.7, 81.8]

	Arousal
	67.1 [61.6, 72.2]
	80.6 [77.3, 83.5]
	77.2 [75.2, 79.2]
	59.1 [55.9, 62.3]



Confusion matrices for sleep segmented by PLMSI groups
Table S16: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified sleep states in the subset of patients with PLMSI < 15 events/hour (n=1248). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Wake
	NREM
	REM
	# Epochs

	Wake
	78%
	21%
	1%
	206,490

	NREM
	4%
	94%
	2%
	658,446

	REM
	2%
	17%
	81%
	131,814



Table S17: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified sleep states in the subset of patients with PLMSI ≥ 15 events/hour (n=51). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Wake
	NREM
	REM
	# Epochs

	Wake
	74%
	24%
	2%
	9,688

	NREM
	5%
	94%
	1%
	25,655

	REM
	3%
	29%
	68%
	4,413



Confusion matrices for arousal segmented by PLMSI groups
Table S18: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified arousals in the subset of patients with PLMSI < 15 events/hour (n=1248). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Arousal
	No Arousal
	# Epochs

	Arousal
	66%
	34%
	240,989

	No Arousal
	13%
	87%
	756,026



Table S19: Normalized epoch-level confusion matrix for algorithm-classified versus manually classified arousals in the subset of patients with PLMSI ≥ 15 events/hour (n=51). True labels are presented in rows, predicted labels in columns, and the total number of scored epochs is displayed in the far-right column.
	
	Arousal
	No Arousal
	# Epochs

	Arousal
	67%
	33%
	9,784

	No Arousal
	19%
	81%
	30,007



Parameter results segmented by AHI groups
Table S20: Parameter results for patients with AHI < 5 events/hour (n=118). Values are reported as median [95% confidence interval]. Arousal Index is measured in events/hour, and Total Sleep Time in minutes. Agreement is assessed using the intraclass correlation coefficient (ICC, unitless) and Bland-Altman (BA) analysis.
	
	Arousal Index
	Total Sleep Time

	ICC
	0.68 [0.57, 0.78]
	0.92 [0.87, 0.95]

	BA bias
	-3.62 [-5.55, -1.80]
	10.66 [5.69, 15.96]

	BA aggrement
	20.26 [-23.88, 16.62]
	55.58 [-44.82, 66.29]

	BA aggrement lower
	-23.88 [-28.95, -18.92]
	-44.82 [-56.68, -33.62]

	BA aggrement upper
	16.62 [13.32, 19.89]
	66.29 [52.24, 80.71]



Table S21: Parameter results for patients with 5 ≤ AHI < 15 events/hour (n=416). Values are reported as median [95% confidence interval]. Arousal Index is measured in events/hour, and Total Sleep Time in minutes. Agreement is assessed using the intraclass correlation coefficient (ICC, unitless) and Bland-Altman (BA) analysis.
	
	Arousal Index
	Total Sleep Time

	ICC
	0.67 [0.57, 0.76]
	0.91 [0.88, 0.93]

	BA bias
	-3.07 [-4.07, -2.13]
	9.34 [6.85, 11.87]

	BA aggrement
	19.87 [-22.92, 16.82]
	50.74 [-41.44, 60.10]

	BA aggrement lower
	-22.92 [-26.35, -20.31]
	-41.44 [-47.96, -35.20]

	BA aggrement upper
	16.82 [14.69, 19.30]
	60.10 [52.70, 68.24]



Table S22: Parameter results for patients with 15 ≤ AHI < 30 events/hour (n=344). Values are reported as median [95% confidence interval]. Arousal Index is measured in events/hour, and Total Sleep Time in minutes. Agreement is assessed using the intraclass correlation coefficient (ICC, unitless) and Bland-Altman (BA) analysis.
	
	Arousal Index
	Total Sleep Time

	ICC
	0.54 [0.41, 0.66]
	0.88 [0.81, 0.93]

	BA bias
	-3.60 [-4.76, -2.46]
	7.22 [3.85, 10.39]

	BA aggrement
	21.30 [-24.93, 17.68]
	58.68 [-51.46, 66.04]

	BA aggrement lower
	-24.93 [-27.64, -22.31]
	-51.46 [-72.11, -34.55]

	BA aggrement upper
	17.68 [15.24, 20.57]
	66.04 [51.35, 82.64]



Table S23: Parameter results for patients with AHI ≥ 30 events/hour (n=421). Values are reported as median [95% confidence interval]. Arousal Index is measured in events/hour, and Total Sleep Time in minutes. Agreement is assessed using the intraclass correlation coefficient (ICC, unitless) and Bland-Altman (BA) analysis.
	
	Arousal Index
	Total Sleep Time

	ICC
	0.62 [0.53, 0.69]
	0.92 [0.89, 0.94]

	BA bias
	-6.44 [-8.33, -4.63]
	6.57 [3.79, 9.30]

	BA aggrement
	37.84 [-44.26, 31.41]
	55.34 [-48.76, 61.94]

	BA aggrement lower
	-44.26 [-50.46, -39.30]
	-48.76 [-58.72, -39.77]

	BA aggrement upper
	31.41 [26.88, 36.67]
	61.94 [54.47, 70.00]



Parameter results segmented by PLMSI groups
Table S24: Parameter results for patients with PLMSI < 15 events/hour (n=1248). Values are reported as median [95% confidence interval]. Arousal Index is measured in events/hour, and Total Sleep Time in minutes. Agreement is assessed using the intraclass correlation coefficient (ICC, unitless) and Bland-Altman (BA) analysis.
	
	Arousal Index
	Total Sleep Time

	ICC
	0.74 [0.69, 0.77]
	0.91 [0.89, 0.93]

	BA bias
	-4.62 [-5.40, -3.86]
	7.86 [6.30, 9.41]

	BA aggrement
	27.19 [-31.83, 22.59]
	54.42 [-46.54, 62.37]

	BA aggrement lower
	-31.83 [-34.91, -29.30]
	-46.54 [-54.10, -40.42]

	BA aggrement upper
	22.59 [20.37, 25.24]
	62.37 [56.68, 68.78]



Table S25: Parameter results for patients with PLMSI ≥ 15 events/hour (n=51). Values are reported as median [95% confidence interval]. Arousal Index is measured in events/hour, and Total Sleep Time in minutes. Agreement is assessed using the intraclass correlation coefficient (ICC, unitless) and Bland-Altman (BA) analysis.
	
	Arousal Index
	Total Sleep Time

	ICC
	0.70 [0.42, 0.85]
	0.85 [0.73, 0.94]

	BA bias
	1.93 [-2.63, 6.40]
	11.48 [1.64, 21.67]

	BA aggrement
	31.88 [-29.91, 33.72]
	70.34 [-58.22, 81.79]

	BA aggrement lower
	-29.91 [-39.06, -21.26]
	-58.22 [-85.18, -35.00]

	BA aggrement upper
	33.72 [24.74, 43.79]
	81.79 [53.84, 108.84]
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