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Abstract
Objectives  Obstructive sleep apnea (OSA) is associated with impaired cardiac function, evidenced by a decreased 
left ventricular ejection fraction (LVEF). Traditional measures, including the apnea-hypopnea index (AHI) and lung-to-
finger circulation time (LFCT), do not simultaneously consider the hypoxemic duration, frequency, and severity. This 
study introduces the respiratory event response time area (RERTA), integrating duration- and frequency-based OSA 
indices, and examined its associations with the LVEF.

Methods  We retrospectively analyzed data from individuals who underwent polysomnography (PSG) and 
echocardiography within the previous 6 months. LFCT was calculated as the mean time from desaturation onset after 
a respiratory event to the lowest recorded oxygen saturation (SpO2). The RERTA, a joint metric that reflects the event 
frequency and desaturation duration, was determined as the square root of the product of the AHI and mean LFCT. 
PSG parameters and related metrics were then examined for associations with echocardiographic measures.

Results  Among 34 participants (10 with mild-to-moderate and 24 with severe OSA), the severe group exhibited a 
lower median LVEF than the mild-to-moderate group (64.00% [61.00%–68.50%] vs. 70.00% [66.50%–72.75%], p < 0.05). 
After adjusting for age, gender, and the body-mass index (BMI), each 1-event/h increase in the AHI was linked to a 
borderline reduction in the LVEF (-0.71%, 95% CI: -1.42 to 0.00; p = 0.05). A 1-unit increase in the RERTA corresponded 
to a 0.33% decrease in the LVEF (95% CI: -0.62% to -0.04%, p < 0.05).

Conclusions  The RERTA combines the AHI and mean LFCT, providing a joint assessment of circulatory stress in 
patients with OSA. This study highlights its potential utility in evaluating cardiac function associated with OSA, which 
can serve as a basis for future prospective research.
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Brief summary
To evaluate the impact of obstructive sleep apnea (OSA) 
on cardiac function, we introduced a composite metric, 
the respiratory event response time area (RERTA), which 
integrates the apnea-hypopnea index (AHI) and lung-to-
finger circulation time (LFCT). This novel metric jointly 
considers the respiratory event frequency and desatu-
ration duration, comprehensively assessing the effects 
of OSA on cardiac function. Data from 34 participants 
revealed that patients with severe OSA had significantly 
lower left ventricular ejection fraction (LVEF) values 
compared to mild-to-moderate cases. Adjusted analy-
ses showed significant associations between increases in 
the AHI and RERTA with decreases in the LVEF. These 
findings underscore the potential clinical utility of the 
RERTA as a indicator for cardiac impairment and circula-
tory stress in patients with OSA.

Introduction
Obstructive sleep apnea (OSA) is a prevalent sleep-dis-
ordered breathing condition, characterized by repeated 
episodes of airflow restriction and oxygen desaturation 
during sleep. A meta-analysis estimated the global preva-
lence of OSA at 54% [1], with rates of 40%—80% among 
individuals with cardiovascular disease (CVD) [2]. OSA-
induced intermittent hypoxia contributes to myocardial 
dysfunction and heightened sympathetic activity [3, 4], 
thereby exacerbating the risk of cardiac deterioration, 
hospitalization, and mortality [5, 6].

To evaluate the impact of OSA on aggravating cardiac 
function, previous studies utilized the lung-to-finger cir-
culation time (LFCT), a duration-based index derived 
from polysomnography (PSG), defined as the time inter-
val from the end of a respiratory event to the lowest 
recorded oxygen saturation (SpO2) [7]. Prior researchers 
indicated that the LFCT is inversely associated with car-
diac output (p < 0.01) [8], with an extended LFCT reflect-
ing reduced cardiac output. Additionally, patients with 
both OSA and heart failure (HF) demonstrated signifi-
cantly longer LFCT values compared to those without HF 
(p < 0.01) [9]. Those findings suggested that a prolonged 
LFCT indicated slower circulatory dynamics, a reduced 
left ventricular ejection fraction (LVEF), and impaired 
cardiac efficiency [10]. Therefore, the LFCT may serve as 
a duration-based marker of compromised cardiac func-
tion in OSA, offering a more-detailed assessment of car-
diovascular stress.

The apnea-hypopnea index (AHI), a frequency-based 
index commonly used to determine OSA severity, is 
applied to evaluate the cardiovascular impacts of OSA 

[11, 12]. Relevant studies indicated that a higher AHI was 
strongly associated with structural cardiac changes and 
an increased risk of CVD progression [13, 14]. However, 
relying solely on frequency-based (e.g., AHI) or duration-
based (e.g., LFCT) metrics may overlook the complex 
interplay among the event frequency, desaturation dura-
tion, and hypoxemia severity. Notably, recurrent noctur-
nal respiratory events accompanied by hypoxemia can 
activate the sympathetic nervous system, leading to an 
elevated heart rate and blood pressure, and accelerated 
blood flow [15]. These compensatory mechanisms may 
lead to a relative shortening of the LFCT. Therefore, inte-
grating both the respiratory event frequency and oxygen 
desaturation duration may provide a more-comprehen-
sive evaluation of the OSA-related circulatory burden.

In this study, we proposed a novel composite metric, 
the respiratory event response time area (RERTA), calcu-
lated as the square root of the product of the AHI and 
mean LFCT (AHI × LFCT)0.5. By integrating both the 
event frequency and desaturation duration, the RERTA 
may better capture the cardiovascular stress and circula-
tory burden imposed by OSA. We hypothesized that the 
RERTA would demonstrate stronger associations with 
echocardiographic parameters than the AHI or LFCT 
alone, thereby offering a more-comprehensive indicator 
of cardiovascular stress in patients with OSA.

Methods
Participant enrolment and retrospective collection of data
In this retrospective study, we collected patient lists and 
relevant medical information in compliance with a pro-
tocol approved by the Taipei Medical University (TMU)-
Joint Institutional Review Board (IRB; JIRB). Patient data 
were initially obtained from TMU–Shuang Ho Hospital 
(New Taipei City, Taiwan). This study first screened the 
Sleep Center database to identify patients who either had 
been diagnosed with cardiac function deterioration or 
were clinically suspected of having cardiac dysfunction. 
Among these, individuals who had undergone both over-
night PSG at the Sleep Center and transthoracic echocar-
diographic evaluation in the cardiology outpatient clinic 
following an OSA diagnosis were enrolled. Potential par-
ticipants were subsequently assessed based on the fol-
lowing inclusion criteria: (1) aged 20–80 years, (2) PSG 
recording time of >6 h with a sleep efficiency of >60%, (3) 
no prior invasive surgery for OSA, (4) no use of hypnotic, 
psychotropic, or sedative medications (e.g., benzodiaz-
epines or opioids), (5) no diagnosis of neuropsychiatric 
disorders (e.g., neurodegenerative diseases, epilepsy, 
stroke, schizophrenia, or bipolar disorder), (6) no recent 
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acute cerebrovascular and cardiovascular events, (7) no 
diagnosis of a chronic illness, such as chronic obstruc-
tive pulmonary disease, diabetes, or chronic kidney dis-
ease, and (8) PSG and echocardiographic examinations 
data collected within a 6-month interval. For all eligible 
patients, additional information—such as age, gender, 
waist and neck circumferences, height, weight, body-
mass index (BMI), smoking status, and comorbidi-
ties—was extracted from medical records. The Charlson 
comorbidity index (CCI) was calculated based on the 
recorded comorbidities and clinical background data 
[16].

PSG parameters and echocardiographic details
Overnight PSG was conducted at a sleep center by certi-
fied technologists who continuously monitored patients 
throughout their stay. Three PSG recording systems, 
including Embla N7000 (ResMed, San Diego, CA, USA), 
Embletta MPR (Natus Medical, Pleasanton, CA, USA), 
and Nox-A1 (Nox Medical, Alpharetta, GA, USA), were 
employed to collect physiological signals, with scoring 
using RemLogic software (vers. 3.41; Embla Systems, 
Thornton, CO, USA). Sleep stages, sleep efficiency, and 
sleep disorder indices were identified according to Amer-
ican Academy of Sleep Medicine (AASM) guidelines [17]. 
Specifically, the sleep disorder indices evaluated in this 
study included the AHI, the total arousal index (ArI), the 
spontaneous ArI (SpArI), and the respiratory ArI (RArI). 
Furthermore, to ensure consistent scoring, all PSG data 
were independently scored by two certified technologists. 
Inconsistent parts were extracted for further discussion 
to achieve a consensual decision. Regarding oximetric 
measures, the study included oxygen desaturation index 
for ≥ 3% (ODI-3%), the mean SpO2, and the propor-
tion of total recording time spent with SpO2 below 90% 
(SpO2-<90%).

For echocardiographic parameters, assessments were 
conducted by cardiologists using the Cardiac Ultrasound 
System (Philips iE33, Philips, Andover, MA, USA). With 
the patient in a supine position, the cardiologist posi-
tioned the transducer on the anterior thorax and utilized 
the M-mode to capture sequential cross-sectional images 
of the ventricle throughout the cardiac cycle. Next, Simp-
son’s method was applied for 3D reconstruction to derive 
ventricular volumes from echocardiographic images 
across multiple planes. A minimum of three consecutive 
heartbeats were recorded while the patient was at rest, 
and relevant measurements were averaged. In this ret-
rospective study, the LVEF, left ventricular end-diastolic 
diameter (LVEDD), and left ventricular end-systolic 
diameter (LVESD) served as reference indicators for HF 
[18].

Definition and calculation of the LFCT and RERTA
The LFCT, derived from PSG, was defined as the interval 
beginning at the onset of oxygen desaturation following a 
respiratory episode (i.e., apnea or hypopnea) and ending 
at the lowest recorded SpO2. Throughout the total sleep 
period, the LFCT of individuals was determined and 
averaged to represent the overall LFCT value for sub-
sequent analysis. Although frequent nocturnal oxygen 
desaturation and an extended LFCT are associated with 
HF severity [19], frequent respiratory events may para-
doxically shorten the LFCT due to sympathetic activation 
and elevated cardiac output. To capture the bidirectional 
reciprocal dynamics between the respiratory event fre-
quency and desaturation duration, we introduced a 
composite metric, the RERTA, calculated as the square 
root of the product of the LFCT and AHI (Fig. 1). The 
geometric mean is commonly used in medical research 
to combine continuous variables while minimizing the 
influence of extreme values or outliers [20]. Accord-
ingly, the RERTA provides balanced integration of both 
frequency- and duration-based indices, potentially offer-
ing a more-accurate reflection of cumulative circulatory 
stress among individuals with OSA.

Statistical analysis
Participants were classified into mild-to-moderate and 
severe OSA based on an AHI threshold of 30 events/h, 
in accordance with AASM guidelines [21]. Statistical 
analyses were performed using Python (vers. 3.6) and the 
SciPy open-source statistical library (vers. 1.12.0, Python 
Software Foundation, Fredericksburg, VA, USA). First, 
the Shapiro-Wilk test was conducted to examine the nor-
mality of continuous variables. Normally distributed data 
were compared using Student’s t-test, while the Mann-
Whitney U-test was employed for non-normally distrib-
uted data. Categorical variables including the smoking 
status and comorbidities were examined using the Chi-
squared test. Next, linear regression analyses were con-
ducted to investigate relationships between clinical 
measures, using both simple (without adjustment) and 
multivariable (adjusted for age, sex, and BMI) models. 
Results are presented as standardized beta coefficients 
(βs) with 95% confidence intervals (CIs). Statistical sig-
nificance was set to p < 0.05.

Results
Baseline characteristics and echocardiographic parameters
This retrospective study included 34 participants with 
comprehensive clinical data, comprising 10 with mild-
to-moderate OSA and 24 with severe OSA. The baseline 
characteristics, comorbidities, smoking status, and echo-
cardiographic parameters are detailed in Table  1. There 
were no significant differences between the two groups in 
terms of age, gender, height, BMI, comorbidities, CCI, or 
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Fig. 1  Concept of the respiratory event response time area (RERTA). The concept of the RERTA is an integrated metric that combines the apnea-hypop-
nea index (AHI) and lung-to-finger circulation time (LFCT) to assess the overall impact of respiratory events and hypoxia in patients with obstructive sleep 
apnea (OSA). A High AHI with short LFCT: frequent respiratory events but rapid recovery from oxygen desaturation. B Low AHI with prolonged LFCT: fewer 
events but extended oxygen desaturation. C Contour plot of the RERTA across various AHI and LFCT combinations, showing that a prolonged LFCT with 
a low AHI can yield a hypoxic burden comparable to, or greater than, a high AHI with a short LFCT—underscoring the importance of considering both 
the event frequency and duration. Abbreviations: SpO2, peripheral oxygen saturation. Note: RERTA is calculated as follows: RERTA =

√
AHI × LFCT 
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smoking status. Regarding echocardiographic measures, 
the severe OSA group exhibited significantly lower LVEF 
levels compared to the mild-to-moderate OSA group 
(64.00% [61.00%–68.50%] vs. 70.00% [66.50%–72.75%], 
p < 0.05).

PSG, oximetric measures, and oximetry-related parameters
Table  2. presents the sleep architecture, sleep disorder 
indices, oximetric measure, and its related parameters 
of study participants. In terms of sleep architecture, the 
severe OSA group exhibited a significantly lower pro-
portion of non–rapid eye movement (NREM) sleep 
relative to total sleep time compared to the mild-to-mod-
erate OSA group (74.70% ± 9.98% vs. 63.88% ± 15.50%, 
p < 0.05). Although there were no significant differences, 
the severe OSA group exhibited a lower sleep efficiency 
and reduced total sleep time compared to the mild-to-
moderate OSA group. Regarding the sleep disorder index 
and oximetric measures, the severe OSA group demon-
strated significantly higher AHI, oxygen desaturation 
index (ODI), and RArI values (all p < 0.01) compared to 
the mild-to-moderate OSA group.

Additionally, although no significant difference in the 
LFCT was observed between the two groups, the severe 
group demonstrated a significantly greater median of 

RERTA compared to the mild-to-moderate OSA group 
(22.43 [18.67–25.61] vs. 29.88 [26.64–32.81] (events/h × 
s)0.5, p < 0.01).

Associations of the sleep disorder index with oximetry-
related parameters and the LVEF
Table 3. presents associations between the sleep disorder 
index and LVEF. An increase of 1 event/h in the AHI was 
associated with a modest decrease of 0.71% in the LVEF 
(95% CI: −1.42 to 0.00, p = 0.05), after adjusting for age, 
gender, and BMI. Similarly, each 1 event/h increased 
in the RArI was significantly associated with a 0.61% 
reduction in the LVEF (95% CI: −1.04 to −0.17, p < 0.01). 
Associations of oximetric measures and related param-
eters with the LVEF are summarized in Table 4. Among 
oximetry-related parameters, after adjusting for age, gen-
der, and BMI, a 1-unit increase in the RERTA was signifi-
cantly associated with a 0.33% decrease in the LVEF (95% 
CI: −0.62 to −0.04, p < 0.05). These associations persisted 
following adjustment for age, gender, and height (Tables 
S1, S2).

Table S3. demonstrates the exploratory analysis results 
comparing optimal cutoff values of the RERTA, AHI, 
and LFCT across LVEF thresholds of 60% and 70%. The 
RERTA showed intermediate cutoff values at 29.24 for an 

Table 1  Clinical characteristics and echocardiographic details of participants stratified by the apnea-hypopnea index
Variable Mild-to-moderate OSA

(n = 10)
Severe OSA
(n = 24)

p value

Age (years) a 52.50 ± 10.01 47.75 ± 11.78 0.25
Gender (male/female) b 6/4 17/7 0.69
Height (cm) a 166.64 ± 9.09 165.50 ± 7.72 0.73
BMI (kg/m2) a 29.46 ± 5.10 32.40 ± 4.72 0.14
Neck circumference (cm) c 39.75 [39.00–42.88] 40.00 [38.00–42.62] 0.91
Waist circumference (cm) a 97.85 ± 13.15 104.47 ± 10.06 0.18
Mean HR (bpm) a 65.30 ± 8.26 70.02 ± 7.99 0.14
Charlson comorbidity index (score) c 2.00 [1.25–2.75] 1.50 [1.00–2.25] 0.79
Comorbidities, n (%) b 0.97
  Hypertension 6 (60.00%) 17 (70.83%)
  Cardiovascular disease 3 (30.00%) 5 (20.83%)
  Metabolic syndrome 4 (40.00%) 9 (37.50%)
  Gastroesophageal reflux disease 2 (20.00%) 6 (25.00%)
Smoking status,n (%) b 0.19
  Current smoker 1 (10.00%) 7 (29.16%)
  Ex-smoker 2 (20.00%) 1 (4.16%)
  Non-smoker 7 (70.00%) 16 (66.67%)
Echocardiography details
  LVEF (%) c 70.00 [66.50–72.75] 64.00 [61.00–68.50] 0.02
  LVEDD (mm) a 49.6 ± 4.35 49.79 ± 9.03 0.93
  LVESD (mm) c 30.00 [27.25–32.00] 32.50 [27.00–35.00] 0.27
OSA Obstructive sleep apnea, BMI Body-mass index, HR Heart rate, LVEF Left ventricular ejection fraction, LVEDD Left ventricular end-diastolic diameter, LVESD Left 
ventricular end-systolic diameter
a Data are expressed as mean ± standard deviation; differences between groups were assessed using Student’s t-test
b Differences between groups were assessed using Fisher’s exact test
c Data are expressed as median [Q1–Q3]; differences between groups were assessed using the Mann–Whitney U-test
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Table 2   Comparisons of polysomnography, oximetric measures, and oximetry-related parameters among participants stratified by 
the apnea-hypopnea index (AHI)
Variable Mild-to-moderate OSA

(n = 10)
Severe OSA
(n = 24)

p value

Sleep architecture
  Sleep efficiency (%) a 74.84 ± 13.27 66.84 ± 18.92 0.17
  Wake (% of SPT) b 12.70 [0.97–18.38] 7.05 [0.28–15.32] 0.89
  Total sleep time (min) a 271.88 ± 49.11 250.42 ± 72.80 0.33
  REM (% of SPT) b 10.30 [9.15–11.50] 10.15 [6.83–14.40] 0.86
  NREM (% of SPT) a 74.70 ± 9.98 63.88 ± 15.50 0.02
Sleep disorder index
  AHI (events/h) b 19.80 [16.45–25.02] 40.05 [33.02–62.47] < 0.01
  ArI (events/h) a 21.23 ± 15.97 28.59 ± 14.38 0.23
  SpArI (events/h) b 6.70 [3.27–12.50] 4.35 [3.55–5.75] 0.37
  RArI (events/h) a 7.19 ± 5.11 19.27 ± 12.97 < 0.01
Oximetry measures b

  SpO2-<90% (%) 2.77 [1.06–15.32] 7.18 [2.03–24.65] 0.23
  Mean SpO2 (%) 94.25 [92.73–94.97] 93.90 [92.83–95.12] 0.84
  ODI-3% (events/h) 16.60 [9.18–18.60] 34.00 [28.05–51.10] < 0.01
Oximetry-related parameters
  LFCT (s) a 28.23 ± 9.36 21.56 ± 5.00 0.06
  RERTA (events/h × s)0.5 b 22.43 [18.67–25.61] 29.88 [26.64–32.81] < 0.01
OSA Obstructive sleep apnea, SPT sleep period of time, REM Rapid eye movement, NREM Non–rapid eye movement, ArI Arousal index, SpArI Spontaneous arousal 
index, RArI Respiratory arousal index, SpO2-<90% the proportion of total recorded time spent with peripheral arterial oxygen saturation (SpO2) < 90%, ODI-3% ≥ 3% 
oxygen desaturation index, LFCT the mean of lung to finger circulation during all sleep stages, RERTA Respiratory event response time area
a Data are expressed as the mean ± standard deviation; differences between groups were assessed using Student’s t-test
b Data are expressed as median [Q1-Q3]; differences between groups were assessed using the Mann-Whitney U-test

Table 3   Associations between the Sleep Disorder Index and Left Ventricular Ejection Fraction (LVEF)
Variable LVEF (%)

Crude β coefficient (95% CI) ac p value Adjusted β coefficient(95% CI) b p value
Sleep disorder index
  AHI (events/h) −0.88 (−1.57 to −0.18) 0.02 −0.71 (−1.42 to 0.00) 0.05
  ArI (events/h) −0.46 (−1.01 to 0.10) 0.10 −0.17 (−0.40 to 0.05) 0.13
  SpArI (events/h) 0.20 (−0.09 to 0.49) 0.17 0.19 (−0.12 to 0.50) 0.22
  RArI (events/h) −0.64 (−1.06 to −0.21) < 0.01 −0.61 (−1.04−0.17) < 0.01
CI Confidence interval, AHI Apnea-hypopnea index, ArI Arousal index, SpArI Spontaneous arousal index, RArI Respiratory arousal index
a Simple linear regression models
b Multivariable linear regression models were adjusted for age, gender, and body-mass index

Table 4   Associations of oximetric measures and oximetry-related parameters with the Left Ventricular Ejection Fraction (LVEF)
Variable LVEF (%)

Crude β coefficient
(95% CI) a

p value Adjusted β coefficient
(95% CI) b

p value

Oximetry measures
  SpO2-<90% (%) −0.35 (−1.10 to 0.39) 0.34 −0.59 (−1.33 to 0.15) 0.11
  Mean SpO2 (%) 0.05 (−0.03 to 0.12) 0.23 0.03 (−0.05 to 0.11) 0.43
  ODI-3% (events/h) −0.83 (-1.53 to −0.13) 0.02 −0.63 (−1.33 to 0.08) 0.08
Oximetry-related parameters
  LFCT (s) −0.05 (−0.33 to 0.22) 0.69 −0.06 (−0.36 to 0.23) 0.66
  RERTA (events/h × s)0.5 −0.39 (−0.68 to −0.10) 0.01 −0.33 (−0.62 to −0.04) 0.03
CI Confidence interval, SpO2-<90% the proportion of total recorded time spent with peripheral arterial oxygen saturation (SpO2) < 90%, ODI-3% ≥ 3% oxygen 
desaturation index, LFCT the mean of lung to finger circulation during all sleep stages, RERTA, Respiratory event response time area
a Simple linear regression models
b Multivariable linear regression models were adjusted for age, gender, and body-mass index
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LVEF of ≥ 60% and 26.01 for an LVEF of ≥ 70%, relative to 
those of the AHI and LFCT.

Discussion
To explore the interplay among OSA severity, hypoxia, 
and cardiac circulatory function, we examined asso-
ciations among sleep disorder indices, oximetry-related 
parameters, and the LVEF across OSA severity levels. 
Results indicated that despite comparable baseline char-
acteristics and comorbidities, the severe OSA group 
exhibited significantly lower LVEF, alongside higher AHI 
and ODI values compared to the mild-to-moderate OSA 
group. Although not statistically significant, the severe 
OSA group demonstrated a trend toward lower LFCT. 
These findings indicated an inverse relationship between 
the event frequency and desaturation duration. Notably, 
the novel composite index, RERTA, was significantly ele-
vated in the severe OSA group compared to the mild-to-
moderate OSA group. A multivariable linear regression 
analysis further revealed a significant inverse association 
between the RERTA and LVEF, independent of age, sex, 
and BMI.

The severe OSA group demonstrated significantly 
lower LVEF values compared to the mild-to-moderate 
group. Several underlying mechanisms may account for 
this result, including an alteration in the cardiac struc-
ture, generation of reactive oxygen species, and activa-
tion of the sympathetic nervous system. For instance, 
previous research demonstrated that OSA-related inter-
mittent hypoxia is linked to endothelial dysfunction 
and higher oxidative stress [22, 23], predisposing one to 
compromised cardiac output and reduced circulatory 
efficiency [24]. Next, intermittent hypoxia activates the 
sympathetic nervous system, contributing to peripheral 
vasoconstriction, and an elevated heart rate and blood 
pressure, thereby deteriorating cardiac health [25]. Sev-
eral studies indicated that sympathetic overactivity is 
linked to increased risks of cardiovascular pathologies, 
such as arterial stiffness and arrhythmias [26, 27]. Over-
all, the current findings underscore the complex interplay 
between the respiratory event frequency and physiologi-
cal compensation in OSA, reinforcing its association with 
cardiac dysfunction.

The LFCT, which primarily reflects the duration of 
responding to and accommodating hypoxia, serves as 
a crucial indicator for evaluating cardiac function in 
patients with OSA. A trend toward a lower LFCT in the 
severe OSA group suggests a potential inverse relation-
ship with the AHI. Despite no direct evidence, several 
reasons may explain this finding. First, as aforemen-
tioned, intermittent hypoxia induces excessive sympa-
thetic activation, leading to vasoconstriction, tachycardia, 
and elevated blood pressure and potentially shortens the 
LFCT [28]. Second, previous studies demonstrated that a 

higher hypoxic frequency reduces the baroreflex gain and 
increases the heart rate, potentially leading to a shorter 
LFCT [29, 30]. Additionally, a prior study reported that 
a prolonged LFCT was strongly associated with lon-
ger respiratory events, which may in turn reduce the 
event frequency [31]. While a shortened LFCT reflects 
an enhanced compensatory response to hypoxia, an 
increased AHI may contribute to progressive cardiac 
deterioration. Therefore, these findings underscore the 
potential of integrating both parameters for cardiovascu-
lar risk assessments in patients with OSA.

To comprehensively evaluate the reciprocal dynamics 
between the LFCT and AHI and their impacts on car-
diac function in OSA, the RERTA metric was introduced. 
Furthermore, to contextualize the clinical feasibility 
of this novel metric, cutoff values for the RERTA, AHI, 
and LFCT in classifying the LVEF at the 60% threshold 
are provided in the Supplementary materials. The severe 
OSA group exhibited significantly higher mean RERTA 
values compared to the mild-to-moderate OSA group. 
Multivariable linear regression models revealed a signifi-
cant inverse association between the RERTA and LVEF, 
independent of age, gender, and BMI. Similar results 
were observed after adjusting for age, gender, and height 
(Supplementary materials). Given the relatively high 
mean LVEF (>60%) and small sample size, the modest 
coefficient may indicate subclinical cardiac impairment. 
In this cohort, the severe OSA group exhibited a signifi-
cantly lower LVEF compared to the mild-to-moderate 
group, suggesting that greater OSA severity may be asso-
ciated with early declines in cardiac function, even within 
the normal LVEF range. Previous studies reported an 
increased risk of stroke and all-cause death among indi-
viduals with an LVEF lower than 60%, emphasizing the 
clinical importance of detecting early functional changes 
within the normal LVEF range [32, 33]. The geometric 
mean used to calculate the RERTA captures the cumu-
lative area under the oxygen desaturation curve from 
all respiratory events, potentially reflecting the hypoxic 
burden in individuals with OSA [34]. One previous study 
also demonstrated the utility of geometric mean prin-
ciples in cardiovascular risk assessments, improving the 
predictive accuracy by integrating various cardiovascular 
risk factors [35]. Additionally, an increased hypoxic bur-
den is associated with elevated blood pressure, greater 
cardiovascular event risks, and all-cause mortality [36, 
37]. Collectively, these findings suggest that the RERTA 
may serve as a clinically relevant indicator for identify-
ing individuals with OSA at increased risk of cardiac 
dysfunction, highlighting its potential role in risk stratifi-
cation and guiding clinical decision-making.

The main strength of this study is the introduction of 
the novel composite RERTA metric, which integrates the 
AHI (event frequency) and LFCT (desaturation duration) 
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to comprehensively evaluate the impact of OSA on car-
diac function. This dual-index approach addresses limi-
tations of relying on a single metric, offering a broader 
perspective for assessing circulatory stress and cardiovas-
cular risks. The significant inverse association between 
the RERTA and LVEF further supports its potential as a 
clinically relevant tool. Additionally, the use of the geo-
metric mean methodology reinforces the utility of math-
ematically integrating physiological variables into a stable 
and informative index, in line with prior research. There-
fore, these findings provide insights into the assessment 
of the hypoxic burden and cumulative impacts of the 
respiratory event frequency and desaturation duration on 
cardiac function in patients with OSA.

There are several limitations to this study. First, the 
relatively small sample size (n = 34), predominance of 
participants with severe OSA, and retrospective design 
may have introduced bias, thereby limiting both the sta-
tistical power and generalizability of the current findings. 
Future prospective studies in larger, independent cohorts 
are warranted to strengthen the robustness and clini-
cal applicability of the RERTA index. Second, although 
individuals with acute cerebrovascular and cardiovascu-
lar events were excluded, cardiac function assessments 
solely relied on echocardiography, and the time gap 
of up to 6 months between the PSG and cardiac evalu-
ations may have led to potential variability in cardiac 
function. The absence of nocturnal cardiac monitoring 
may have reduced the precision in capturing hypoxia-
related effects. Additionally, given that the mean LVEF 
exceeded 60% and the majority of participants in both 
groups had severe OSA, the findings might not be gener-
alizable to populations with reduced LVEF or those with 
mild to moderate OSA. Future studies should include 
more-heterogeneous cohorts with a wider range of car-
diac phenotypes and OSA severity levels, and should 
incorporate nocturnal cardiac monitoring, to improve 
the validity and clinical feasibility of the current results. 
Third, despite adherence to AASM guidelines, variability 
in PSG and echocardiography interpretation could have 
affected the consistency. Future research should adopt 
automated and standardized scoring systems to improve 
the data accuracy and consistency. Finally, although the 
linear regression analyses adjusted for age, sex, and BMI, 
unmeasured confounders such as lifestyle factors (e.g., 
smoking, alcohol consumption, and physical activity), use 
of cardiac medications, socioeconomic status, and base-
line cardiopulmonary health may have influenced the 
results. Future studies could also consider height as an 
independent confounder. Additionally, non-linear associ-
ations between the RERTA and cardiac function were not 
explored in the present study, which may limit the inter-
pretation of its full clinical relevance. Future research 
should incorporate non-linear modeling and adjust for 

additional covariates to enhance the external validity and 
applicability of the RERTA.

Conclusions
To comprehensively explore the effects of OSA and 
hypoxia on cardiac circulatory function, we proposed 
a novel composite metric of the RERTA, combining 
the AHI and LFCT. Key findings revealed that patients 
with severe OSA exhibited significantly lower LVEF and 
higher AHI and ODI values, compared to those with 
mild-to-moderate OSA, despite comparable baseline 
characteristics. A potentially inverse relationship was 
observed, with the severe OSA group showing a trend 
toward a lower LFCT. After adjusting for confounders, 
the RERTA was significantly negatively associated with 
the LVEF, whereas the AHI demonstrated a border-
line inverse association. These findings suggest that the 
RERTA may serve as an integrated metric of cardiovascu-
lar stress in patients with OSA, with potential application 
in early clinical evaluation of cardiac impairment and risk 
stratification.
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