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Abstract
Introduction

Residual apnoea hypopnoea index (AHI) derived from positive airway pressure (PAP) device
downloads is frequently used to assess treatment effectiveness in obstructive sleep apnoea
(OSA). However, the accuracy of device reported AHI in real-world settings remains uncertain.
This study evaluated the agreement between PAP device derived AHI and AHI measured using
home based cardiorespiratory polygraphy.

Methods

This secondary analysis of the 3DPiPPIn randomised controlled trial included adults with OSA
(AHI =15 events/hr) naive to domiciliary PAP therapy. Participants underwent two-night home
cardiorespiratory polygraphy at three and six months. Residual AHI was obtained from
Léwenstein PAP devices via data download. Agreement between methods was assessed using
Bland-Altman analysis, intraclass correlation coefficients (ICC), and weighted Kappa.
Sensitivity and specificity for detecting inadequate control (AHI =7 events/hr) were calculated.
The association between average leak and AHI discrepancy was examined using linear
regression.

Results

Ninety-eight participants were included. PAP derived AHI values consistently underestimated
polygraphy derived AHI across all time points. Agreement was poor, with ICCs of 0.02 at three
months and 0.16 at six months, and low diagnostic agreement across severity categories at both
three months («0.10, 95%CI: 0 to 0.26) and six months (x0.09, 95%CI: 0 to 0.28). Bland-Altman
plots demonstrated systematic underestimation with wide limits of agreement. Sensitivity for
detecting inadequate control was very low at both time points (3 months 12% and 6 months
21%), despite high specificity (97% at 3 months and 95% at 6 months). Higher interface leak was
significantly associated with greater underestimation of AHI (three months: slope = 0.45, R*=
0.18, p < 0.0001; six months: slope = 0.38, R =0.14, p <0.0001).

Conclusion

PAP device downloads substantially underestimated residual AHI and demonstrated poor
agreement with home cardiorespiratory polygraphy. These findings highlight important
limitations of device derived AHI in real-world practice, particularly in the presence of interface
leak. Where treatment adequacy is uncertain, confirmatory assessment with polygraphy
remains necessary.
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Introduction

Obstructive sleep apnoea (OSA) is a prevalent condition associated with significant morbidity
and mortality[1]. The severity of OSA is conventionally assessed using the apnoea hypopnoea
index (AHI) derived from polysomnography or cardiorespiratory polygraphy[2]. Continuous
positive airway pressure (CPAP) therapy remains the gold standard treatment for moderate to
severe OSA[3]. Monitoring residual AHI during therapy is essential for evaluating treatment
effectiveness and guiding clinical decisions[4, 5]. Modern CPAP devices incorporate proprietary
algorithms to estimate AHI from airflow signals, enabling remote monitoring and telemedicine
approaches|[6]. However, the validity and reliability of these device derived AHI values remain
uncertain, particularly across different manufacturers and in real world conditions [7-11], much
of the published data are over a decade old and relate to obsolete devices[12-22].

Previous studies have reported variable agreement between device-based AHI and AHI
measured by polygraphy, with some demonstrating clinically acceptable correlation and others
highlighting significant discrepancies [23-25]. Meta-analyses suggest that while mean bias may
be small, limits of agreement and percentage error can be substantial, raising concerns about
precision and diagnostic categorisation [26]. Furthermore, most published data focus on
devices from a limited number of manufacturers (predominantly Philips Respironics, ResMed
and Fisher and Paykel), leaving gaps in evidence for others. Given the increasing reliance on
device downloads for clinical and research purposes, robust validation against gold standard
methods is critical.

This study aims to evaluate the agreement between AHI obtained from CPAP device data
downloads (Lowenstein, Germany) and AHI measured by home based cardiorespiratory
polygraphy (Embletta MPR, Natus, USA) systems. By comparing continuous and categorical
measures across multiple time points, we aimed to determine whether device derived AHI can
be considered a reliable surrogate for polygraphy measurements in patients receiving CPAP
therapy.

Methods

This was a secondary analysis of data from the 3dPiPPIn RCT (Clinical Trials registration:
ISRCTN74082423)[27]. The study was approved by Hampshire B Research Ethics Committee
(REC reference: 22/SC/0405), and all participants provided informed consent. The methods for
the 3DPiPPIn trial have been reported previously[28]. In brief, the 3DPiPPIn RCT compared the
clinical effectiveness of customised PAP therapy interfaces with conventional interfaces with
the primary endpoint of AHI at six months. Patients were recruited from those under the care of
the Sleep and Ventilation service at the Royal Free London NHS Foundation Trust (RFL), United
Kingdom (UK).

Inclusion criteria
e Diagnosis of Sleep Disordered Breathing (SDB): AHI 215 events/hr.
e Patients naive to domiciliary PAP therapy.
o Age=18years.
e Completed the 3DPiPPIn study
Exclusion criteria
e AHI <15 events/hr.
e Excessive facial hair which they were unwilling to shave.

e Age<18years.
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e Existing facial pressure ulcers.

e Unable to provide informed consent.

e Known allergy to silicone.

e Keloid scarring.

e Previous domiciliary PAP therapy.

e Failed to complete the 3DPiPPIn study

The PAP therapy devices used were Prisma Smart and Prisma 25S (Lowenstein Germany). Auto
CPAP (Prisma Smart) or Auto S mode (Prisma 25S) were used in patients, with minimum
pressure 4cmH,0 and maximum pressure of 20cmH,0 and 25cmH,0 respectively. These
devices use Forced Oscillation Technique (FOT) technology to indirectly identify respiratory
events and infer residual apnoea and hypopnea events via airflow and pressure signals within
the breathing circuit. It is known that AHI presents with some night-to-night variability in patients
with mild and severe OSA [29], but this has only been investigated during diagnostics and not in
response to PAP therapy. To navigate this issue, patients undertook two-night home based
cardiorespiratory polygraphy at three and six months concurrently with their PAP therapy,
resulting in a total of four nights data, (Embletta MPR, Natus, USA). The sleep study system
recorded multi channels: abdominal effort, thoracic effort, nasal pressure, nasal thermistor
flow, snore, SpO., pulse rate, position and activity. Polygraphy was scored manually by one
rater(SKM) according to AASM 2012 criteria for respiratory events[2]. AHI from CPAP therapy
devices can be obtained from PAP therapy devices via a data download either via modem link or
secure digital (SD) card into PrismaCloud (Léwenstein, Germany).

Study data were collected and managed using REDCap electronic data capture tools hosted at
UCL [30, 31]. Baseline demographic and anthropometric measures were taken at baseline, three
months and six months.

Analysis

Descriptive statistics were used to report patient demographics, mean +SD was used for
continuous data and frequency (proportion) for categorical data. Skewed data were described
with median [interquartile range]. Bland-Altman plots were used to visually assess agreement
and systematic bias between PAP device derived AHI and cardiorespiratory sleep study
calculated AHI values, at each time point and night. These analyses were exploratory and
descriptive; no pooled estimates across nights were calculated. A comparison of the AHI as
measured from the PAP therapy devices and the AHI as measured from the cardiorespiratory
sleep study was made using Intraclass Corelation Coefficient calculated using a two-way mixed
effects model for absolute agreement. Furthermore, weighted quadratic Kappa Coefficient with
95% confidence intervals are reported to indicate levels of agreement across diagnostic
thresholds (no SDB, mild, moderate and severe OSA). Weighted kappa coefficients were
calculated using observed categories at each time point due to low frequencies in higher
severity groups. A comparison of the polygraphy derived AHI and ODI was made using the same
ICC and Kappa Coefficient methods . Although physiologically related, ODI can be derived from
oximetry alone and is more accessible in routine clinical practice. This analysis was therefore
included to explore whether ODI may act as a pragmatic surrogate for AHI when repeat
cardiorespiratory sleep studies are not feasible.

Using cardiorespiratory-sleep study calculated AHI as the reference standard, sensitivity and
specificity of PAP device derived AHI for identifying inadequate treatment control were
calculated. Previous authors have previously found an AHI =7 to be indicative of adequate
control of SDB on PAP therapy[23, 32]. Therefore, inadequate control was defined a priori as AHI
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>7 eventslZ. Analyses were restricted to night one recordings to avoid non-independence arising
from repeated measures within individuals. The statistical approaches used assume
independent observations and do not readily accommodate clustered data. Inclusion of both
nights without accounting for within-subject correlation would risk pseudo-replication and
overestimation of precision. Night one was therefore selected as a single representative
measure per participant, consistent with standard clinical assessment. The relationship
between interface leak over the last seven days and levels of agreement between PAP device
derived AHI and cardiorespiratory sleep study was assessed using simple linear regression for
night one at three and six months to quantify the direction and magnitude of association.
Linearity was evaluated through visual inspection of scatter plots. Data were analysed using
Excel (Microsoft Office 365, Microsoft, USA), SPSS (version 29, IBM, USA) and R (version 4.4.1,
The R Foundation for Statistical Computing, Austria) in R studio (version 2025.05.01, Posit
software, USA).

Results

There were 98 participants who completed the study with 56 in the control group and 42 in the
intervention group, demographics are displayed in Table 1. The primary diagnosis for all
participants was obstructive sleep apnoea (OSA).

Residual AHI values obtained from PAP device downloads were consistently lower than those
measured by cardiorespiratory sleep study at both three and six months (Table 2). Median AHI
from cardiorespiratory sleep study was approximately twice that reported by the device, and
these differences were statistically significant across all time points and nights.

Bland-Altman plots (Fig. 1) confirmed systematic bias, with PAP devices underestimating AHI by
an average of one to three events/hr and wide limits of agreement, particularly at higher AHI
values. Specifically. Bland-Altman analyses demonstrated mean differences (bias) of 5.6 (95%
Cl 3.6 to 7.6) at three months (night 1), 4.8 (95% CI 2.8 to 6.8) at three months (night 2), 3.7 (95%
Cl 2.51t0 4.9) at six months (night 1), and 3.6 (95% CI 1.8 to 5.5) at six months (night 2).
Corresponding limits of agreement were -12.7 (95% CI -16.1 t0 -9.3) to 23.9 (95% CI1 20.5 t0 27.3)
,-13.7(95% Cl -17.1 t0 -10.2) to 23.4 (95% C1 19.9 t0 26.8), -7.1 (95% CIl -9.2 t0 -5.1) to 14.5 (95%
Cl14.5to0 12.5), and -10.9 (95% CI -14.2 to -7.7) to0 18.2 (95% CI 15.0 to 21.4) events/hr,
respectively Agreement analysis demonstrated poor concordance between methods. Intraclass
correlation coefficients (ICC) for night one were 0.02 (95% CI: -0.16 to 0.21) at three months and
0.16 (95% CI: -0.04 to 0.35) at six months, indicating negligible levels of agreement (Fig. 2).

There are diagnostic thresholds for AHI[2]; therefore, an analysis of level of agreement for AHI
between PAP therapy data downloads and cardiorespiratory polygraphy with the data
transformed into categorical data (No remnant OSA, Mild OSA, Moderate OSA and Severe OSA)
using weighted (quadratic) Kappa Coefficient was also undertaken. Data were categorised
based upon the first night cardiorespiratory polygraphy results (Table 3a and Table 3b).There
were poor levels of agreement at both three months («0.10, 95%CI: 0 to 0.26) and six months
(K0.09, 95%CI: 0 to 0.28).213, reflecting frequent misclassification of severity.

Table 4 shows the descriptive results comparing polygraphy derived AHI and ODI at three and six
months for both night one and night two.

ICC comparing AHI and ODI for night one were 0.89 (95% ClI: 0.85 to 0.93) at three months and
0.84 (95% CI: 0.75 to 0.90 at six months), indicating excellent levels of agreement. For the
categorical classification, there were excellent levels of agreement at three months (x0.85,
95%CI: 0.71 to 0.92) and good levels of agreement at six months (xk0.65, 95%CI: 0.44, to 0.86).

Diagnostic performance was explored using an AHI threshold of >7 events/hr to define
inadequate control. At three months, sensitivity was 12%, while specificity was 97%, indicating
that the device rarely overestimated AHI but frequently failed to detect inadequate control.
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Positive predictive value was 60% and negative predictive value 73%. At six months, sensitivity
improved slightly to 21%, with specificity remaining high (95%), but overall diagnostic accuracy
remained limited. These findings suggest that, when using an AHI threshold of =27 events/hr, the
PAP device is highly specific but has limited sensitivity for detecting inadequate control of AHI
and tends to underestimate residual AHI.

Leak analysis revealed an association between interface leak and AHI discrepancy. Scatter plots
(Fig. 3) showed that higher average leak over the preceding seven days correlated with greater
underestimation of AHI by the device. Linear regression demonstrated a significant relationship
at both time points (three months: slope = 0.45, R*=0.18, p < 0.0001; six months: slope = 0.38,
R*=0.14, p <0.0001). However, the low R®values indicate that leak explains only a small
proportion of the variance in AHI discrepancy, suggesting that additional factors contribute to
measurement error.

Discussion

In this study, PAP therapy data downloads were found to be unreliable for measuring AHI. Poor
levels of agreement were observed in both continuous (ICC) and categorical (Kappa Coefficient)
data. indicating that device derived AHI values did not consistently reflect those obtained from
the reference standard. However, the unbalanced nature of the categorical data should be taken
into consideration during interpretation as this may influence the magnitude of estimates. These
discrepancies were evident at both three and six months, suggesting that the lack of accuracy is
not simply a transient initial treatment phenomenon but persists over time. . Previous authors
have suggested a minimally clinically important difference of 5 events/hr [3]. In the present
study, mean differences from the Bland-Altman analyses ranged from 3.6 to 5.6 events/hr,
suggesting that, at a group level, the average bias between device-derived and polygraphy-
derived AHI may not reach a clinically meaningful threshold. However, the limits of agreement
were wide, indicating substantial variability at individual level. This suggests that, despite
acceptable mean agreement, device-derived AHI may not reliably reflect residual disease in
individual patients. Agreement deteriorated with increasing AHI, indicating a directionally
dependent bias whereby the device increasingly underestimated AHI at higher levels of residual
disease. This suggests reduced reliability in patients with more severe residual AHI. Agreement
between device-derived and polygraphy-derived AHI was assessed using multiple
complementary metrics, as no single method fully characterises agreement. The combined use
of these approaches therefore provides a more robust and clinically meaningful assessment
than any single metric. Our findings are consistent with wider evidence demonstrating marked
variability in PAP device performance. A recent meta-analysis using Bland-Altman methods
reported substantial variability in percentage error across CPAP manufacturers[25], highlighting
that algorithmic differences contribute significantly to measurement inconsistency. Iftikhar et
al.[26] report broad good levels of agreement in ResMed and Philips Respironics devices but
since Iftikhar et al. meta-analysis did not include Lowenstein devices its findings may not be
directly comparable to our results. This is an important omission because device algorithms
differ in how they detect and classify respiratory events, and the performance of one
manufacturer cannot be assumed to generalise to others.

Richter et al [25] specifically evaluated Lowenstein devices under controlled laboratory
conditions and reported excellent agreement with simultaneously recorded polysomnography
(mean difference of 0.9 events/hr (0.9, 95% Cl: £1.2, p =0.108, ICC 0.961). In contrast, our
results, conducted under real world conditions, demonstrated weak agreement (ICC 0.16,
95%CI: -0.04 to 0.35). This divergence may reflect methodological differences between studies.
Unlike highly controlled laboratory titration, real world home PAP use introduces day-to--day
variability, patient movement, environmental noise, and fluctuations in interface leak, all of
which can interfere with device algorithms. These contextual factors are important, because in
bench studies several authors have shown that device accuracy declines significantly in the
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presence of high or unstable interface leak[33-38]. Interface leak may contribute to
measurement error. Excessive leak can distort the airflow signal within the PAP circuit, reducing
the accuracy of event detection and potentially leading to underestimation of residual events. In
particular, leak may attenuate flow reductions or obscure changes in airflow that are used by
device algorithms to identify hypopnoeas. This may explain the observed association between
higher leak and greater discrepancy in AHI. Within the 3DPiPPIn study[27], high interface leak
was observed in the intervention group, which might explain some of the reduced reliability
between device derived AHI and AHI calculated through cardiorespiratory sleep study. Our own
analysis confirmed that leak was strongly associated with greater underestimation of AHI (Fig.
3). Importantly, the specific Lowenstein devices used in this study have not been validated
under high leak conditions, which may partly explain the poorer agreement -observed.

The observed discrepancies between device-derived and polygraphy-derived AHI may reflect
fundamental differences in measurement principles and signal acquisition. Cardiorespiratory
polygraphy estimates AHI using direct physiological signals, including airflow, respiratory effort,
and oxygen desaturation. In contrast, PAP devices infer respiratory events indirectly from airflow
and pressure signals within the circuit, using proprietary algorithms to detect flow limitation,
apnoea, and hypopnoea.

Previous authors have compared AHI and ODI in the diagnostic phase of the OSA pathway[39-
41]. In the United Kingdom, the National Institute for Health and Care Excellence has recently
issued guidance on home testing devices incorporating newer technological developments[42].
To our knowledge, comparison of AHI and ODI during PAP therapy has not previously been
reported. In this study, ODI demonstrated closer agreement with polygraphy-derived AHI than
PAP device—derived AHI. However, it is important to note that polygraphy-derived AHI is not a
gold standard and may underestimate events, particularly hypopnoeas associated with arousals
without oxygen desaturation. As such, these findings should not be interpreted as evidence that
ODl is a superior surrogate for AHI, but rather that it may provide a pragmatic and accessible
measure that aligns more closely with polygraphy-derived estimates in this context. While
oximetry alone may be useful in straightforward cases, more comprehensive assessment with
polygraphy remains appropriate where more complex sleep-disordered breathing is suspected.
These findings have potential implications for the practical monitoring of patients receiving PAP
therapy.

In addition to poor agreement, diagnostic performance analyses revealed a consistent pattern
of high specificity but very low sensitivity for detecting inadequate treatment control. This
means that while the device rarely overestimated AHI, it frequently failed to identify patients
with clinically significant residual SDB defined as an AHI >7events/hr. From a clinical
perspective, this has important implications. Low device reported AHI may provide false
reassurance and delay the identification and management of suboptimal therapy. As
telemonitoring based models of sleep care become more common, understanding the
limitations of device derived AHI will become increasingly important, particularly in settings
where formal sleep studies are less readily available. In routine clinical practice, device derived
AHI should not be interpreted in isolation. Instead, it should be considered alongside
symptoms, concordance, interface leak data, and formal reassessment with our data
supporting the use of oximetry as being adequate rather than more time consuming
cardiorespiratory polygraphy.

These findings carry clear implications for clinical trials. When AHI is used as a primary or key
secondary endpoint, gold-standard diagnostic tools such as polygraphy or polysomnography
should remain the preferred methods of outcome assessment. Substituting device derived
values risks outcome misclassification, reduced internal validity, and incorrect inference
regarding treatment effect.
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Further research is needed to determine whether the discrepancies observed reflect intrinsic
limitations of the device algorithms, patient specific factors, or interactions between the two.
Event level analyses may help identify which types of events are most frequently misclassified.
In addition, studies evaluating device accuracy under controlled, experimentally varied leak
conditions could provide important insights into the robustness of device algorithms across real
world scenarios. Although one strength of the present analysis is that all participants used
devices from the same manufacturer, thereby eliminating between manufacturer variability, this
also limits generalisability.

Limitations

This study has several limitations. First, cardiorespiratory polygraphy rather than
polysomnography was used as the reference standard, and while appropriate for assessing
respiratory events, it does not measure sleep stages or arousals, which may influence AHI
calculation. Second, although leak was examined, other factors such as pressure variability and
device specific auto adjustment behaviour were not directly evaluated. Third, we did not
conduct breath-by-breath or event level matching, which may have provided additional insight
into the mechanisms of misclassification. Additionally, the post hoc analysis nature of this study
add inherent bias that should be considered. Furthermore, the leak data was limited to an
average over the last seven nights, night specific data for the nights of the polygraphy could have
added further insights into the relationship between interface leak and AHI, future work should
prospectively collect these data. Finally, because the study population was drawn from a single
clinical trial cohort, the results may not generalise to broader OSA populations.

In conclusion, this study demonstrates that PAP device derived AHI underestimates residual
sleep disordered breathing when compared with cardiorespiratory polygraphy. These findings
emphasise that device algorithms, particularly under real world conditions influenced by leak
and other sources of signal distortion, cannot currently substitute for gold-standard diagnostic
tools when accurate assessment of treatment response is required. As remote monitoring and
telemedicine become increasingly embedded within sleep pathways, careful interpretation of
device reported AHI, supported by clinical judgement and confirmatory testing where necessary,
will remain essential.
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Figure Legends
Fig. 1. Bland-Altman plots comparing PAP derived AHI with cardiorespiratory sleep study AHI

Fig. 2. Intraclass Correlation Coefficient for Apnoea Hypopnea Index between PAP therapy downloads and
cardiorespiratory polygraphy

Fig. 3. Scatter plot of average leak during the last 7 days against the difference in AHI derived from PAP
therapy devices and the AHI from cardiorespiratory sleep study scoring.
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Table 1. Demographics of the participants

Demographic

Age (years) Mean £SD 54.7 £11.8
Sex n (%)

Male 76(78)

Female 22(22)
Ethnicity n (%)

Asian 22(23)

Black 10(10)

Caucasian 66(67)
SpO; Mean +SD 96.4 £1.6
BMI Kg/m? Mean +SD 35 +6.0
Smoking Status n (%)

Current smoker 6(6)

Ex-smoker 46(47)

Never smoker 46(47)
Baseline sleep study Mean £SD

AHI (events/hr) 41.2 £18.9

ODI (events/hr) 37.5+19.8

Mean SpO: 91.9+25

Total Sleep Time SpO2 <90% (%) 252 %219
Epworth Sleepiness Score Median [IQR] 7.715.5
Sleepiness-Wakefulness Inability and Fatigue Score Median [IQR] 115+ 8.6
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Table 2 AHI from PAP therapy data download versus cardiorespiratory polygraphy

Night 1

Night 2

Three

months

4.2

[1.3 0 8.1]

2.0

[1.0 to 4.0]

-15
[-3.1t0 -0.4]
0.002

2.7

[1.3 to 6.5]

2.0

[1.0 to 3.3]

11
[-2.4 to0 -0.3]
0.003

9z0z 1snbny QT uo Jasn uopuo] Ajisianiun [dunig Aq 4pd "Z6TESS000 /9607SSY /Z6TESS000 /6GTT "0T / 10P /4pd - [0 13 1€ /S8 1 o2 “1ab tey //:d 313y wo 1y papeo juwog



Table 3a

3months night 1 confusion matrix

Polygraphy derived No remnant OSA Mild OSA Moderate OSA Severe OSA
(rows)/PAP
derived(columns)
No remnant OSA 37 6 0 0
Mild OSA 13 8 2 0
Moderate OSA 4 1 1 0
Severe OSA

Table 3b

6months night 1 confusion matrix
Polygraphy derived No remnant OSA Mild OSA Moderate OSA Severe OSA
(rows)/PAP derived(columns)
No remnant OSA 45 8 0 0
Mild OSA 9 5 0 0
Moderate OSA 5 1 0 0
Severe OSA 1 0 0 0
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Table 4 AHI versus ODI derived from cardiorespiratory polygraphy

Night 1 Night 2
Timepoint | AHI from limited | ODI from p AHI from ODI from p
cardiorespiratory | cardiorespiratory | value | cardiorespiratory | cardiorespiratory | value
polygraphy polygraphy polygraphy polygraphy
Three 4.2 3.2 | 0.244 2.7 2.9 | 0.032
months [1.3 to 8.1] [1.2 to 8.9] [1.3 to 6.5] [0.9 t0 9.4]
Six 25 3.4 | 0.003 2 2.7 | 0.020
months [1.4 t0 5.8] [0.9 to 10.4] [0.7 to 7.0] [1.0 to 8.0]
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