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Background: Patients with obstructive sleep apnea (OSA) often present with cardiovascular symptoms. 
Holter monitors were reported to predict sleep apnea, though were rarely used in everyday clinical practice. 
In this study, by comparing Holter monitoring to polysomnography (PSG), we try to find out an operable 
way for clinicians to use Holter to predict OSA risk.
Methods: Patients (n=63) suspected of OSA underwent Holter monitoring with concurrent PSG at a sleep 
center. Respiration and heart rate variability (HRV) indices were calculated from the Holter and compared 
with PSG indices.
Results: The sensitivity of the Holter-derived respiratory waveform for OSA was 90.0%, and the specificity 
was 82.6%. The time domain indices including standard deviation of all NN intervals during 24 hours, mean 
of standard deviation of the averages of NN intervals in all 5-minute segments, square root of the mean 
squared differences of successive NN intervals, percentage of beat-to-beat NN interval differences that were 
more than 50 milliseconds, and the frequency domain index of high frequency decreased in participants with 
OSA and correlated with the PSG derived indices including apnea-hypopnea index (AHI), oxygen reduction 
index (ODI) and nadir SaO2. Logistic regression showed that standard deviation of all NN intervals during 
24 hours and gender could predict the risk of OSA (P<0.001), with a sensitivity for diagnosing moderate 
to severe OSA of 87.5% and could accurately distinguish the risk of OSA in 77.8% of patients. Males with 
standard deviation of all NN intervals during 24 hours ≤177 ms or females with standard deviation of all NN 
intervals during 24 hours ≤80.9 ms were considered to be at high risk for OSA.
Conclusions: Commercial and common parameters from Holter monitoring could predict the risk of 
OSA with high sensitivity. Therefore, the risk of OSA may be assessed using the Holter examination to 
improve the diagnosis and treatment rate of OSA.
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Introduction

Obstructive sleep apnea (OSA) is a common disease with 
high morbidity (1) though frequently underdiagnosed (2).  
The prevalence of OSA is higher in patients with 
cardiovascular diseases such as hypertension, coronary 
heart disease, and arrhythmia, and can affect the occurrence 
and development of cardiovascular diseases (3-5). In 
addition to snoring, suffocating at night, abrupt awakening, 
and daytime sleepiness, OSA also often manifests as 
cardiovascular symptoms (6) such as chest tightness, 
nocturnal arrhythmia, nocturnal angina pectoris, and 
refractory hypertension. Patients usually visit a cardiologist, 
ignoring the symptoms of OSA, which can lead to a missed 
diagnosis or misdiagnosis.

A Holter monitor is a wearable electrocardiogram (ECG) 
that is commonly used to assess patients with suspected 
cardiovascular diseases. Its technology is mature and has 
been widely promoted and applied in various clinic and 
hospital settings. In recent years, studies have attempted 
using ECG-derived respiratory waveforms and heart rate 
variability (HRV) to diagnose OSA (7,8). However, ECG-
derived respiratory waveforms need specific device and 
software, which was not available in most commercially 
used Holter monitors; there was no clear cutoff points 
or algorithms to use HRV indices to diagnose OSA, the 
development of ECG-based diagnostic tools for OSA is 
limited in clinical application. In this study, by comparing 
Holter monitoring to polysomnography (PSG), we try 
to find out an operable way for clinicians to use Holter 
to predict OSA risk, thus decrease the miss diagnosis and 
misdiagnosis of OSA.

We present the following article in accordance with 
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3078).

Methods

Participants

The participants were recruited consecutively from among 
patients in a sleep clinic in Guangdong Provincial People’s 
Hospital who were suspected of OSA from February 2015 
to February 2016. Inclusion criteria included: male or 
female gender and age between 18 and 80 years. Exclusion 
criteria included: a history of severe hypertension; acute 
myocardial infarction; unstable angina pectoris; acute 
stroke; depression, schizophrenia, or other psychotic 
disorders; severe lung disease requiring oxygen therapy; 

severe liver or kidney dysfunction; or other conditions 
that the researchers considered not appropriate for 
participation in the study. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). Informed consent was taken from all the patients. 
Ethics approval for this study was obtained from the ethics 
committee of Guangdong Provincial People’s Hospital (No. 
GDREC2019757H).

Collection of medical history, symptoms, and signs

Symptom evaluation included a history of snoring, difficulty 
in falling asleep, nocturia, dry mouth in the morning, 
insomnia, and sexual dysfunction. Medical history obtained 
from the medical records of the hospital included a history 
of smoking and alcohol use. The Epworth Sleepiness 
Scale was used for daytime sleepiness assessment; scores 
range from 0 to 24, with higher scores indicating increased 
daytime sleepiness. Physical parameters, such as height, 
weight, and body mass index (BMI), were also collected.

Holter monitoring and calculation

Holter examination was performed with a new 12-lead  
24-hour Holter recorder [DMS300-4AL, DM Systems 
(Beijing) Co., Ltd., DMS]. The Holter data was interpreted 
by an experienced ECG specialist, who could not access 
to the results of the PSG. Holter recordings were used 
to calculate respiratory waveforms and HRV indices, and 
DM software was used to derive heart rate trend charts and 
respiratory waveforms from which sleep apnea or hypopnea 
could be determined.

Heart rate trend charts were calculated with signal 
from standard Holter ECG electrodes, and no additional 
electrodes were needed. Holter breathing events were 
calculated as follows: three or more consecutive equal-
spaced peaks and troughs appeared in the heart rate trend 
chart, three or more consecutive equal-spaced apnea or 
hypoventilation morphology appeared in the respiratory 
waveforms; these two appearing and repeating more than 
five times was defined as an apnea event. The total time 
of apnea events (Ta) and the ratio of the apnea events time 
to the recording time (Ta/Tm) were derived from Holter 
respiratory waveforms.

Holter HRV indicators included both time and frequency 
domain measures. The time domain indices included: the 
standard deviation of all NN (or R-R) intervals during  
24 hours (SDNN-24 h); the mean of the standard deviation 
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of NN intervals in all 5-minute segments (SDNN index); 
standard deviation of the averages of NN intervals in 
5-minute segments of the entire recording (SDANN), and 
the mean of SDANN in all 5-minute segments (SDANN 
index); the square root of the mean squared differences 
of successive NN intervals (rMSSD); and the percentage 
of beat-to-beat NN interval differences that were more 
than 50 milliseconds (pNN50). Frequency domain indices 
included: the total spectral power of 24 hours (TF); the 
minimum spectral power per hour (SPmin); the maximum 
spectral power per hour (SPmax); very low frequency (VLF), 
power in the frequency range of 0.003–0.040 Hz; low 
frequency (LF), power in the frequency range of 0.04– 
0.15 Hz; and high frequency (HF), power in the frequency 
range of 0.15–0.4 Hz.

Sleep monitoring and diagnostic standards

Philips Alice5 polysomnography (Philips Respironics, USA) 
was used for OSA diagnosis. The patient did not take a 
nap on the day of monitoring and did not drink alcohol, 
strong tea, coffee, and the like that would interfere with 
sleep, nor did they take sleeping pills. Monitoring started 
at 22:00 at the same day of Holter monitoring, and ended 
at 06:30 the next day. The collection channels included 
electroencephalogram, electrooculogram, ECG, mandibular 
electromyogram, thoracoabdominal movement, oral 
and nasal airflow, finger oxygen saturation, and snoring. 
Experienced technicians then interpreted the recordings 
according to the American Academy of Sleep Medicine 
(AASM) criteria (9). The apnea-hypopnea index (AHI), 
oxygen reduction index (ODI), mean oxygen saturation at 
night (SpO2_M), lowest oxygen saturation at night (SpO2_L),  
time of oxygen saturation less than 90% (T<90%), and the 
percentage of sleep time when the oxygen saturation below 
90% (T<90%/Ts) were recorded. As we know, an AHI ≥5/h  
is the threshold for diagnosis of OSA, and AHI ≥15/h is 
the threshold for moderate-to-severe OSA. As moderate-
to-severe OSA was more concerned in clinical setting, and 
more intensive for treatment, here we aim to use Holter to 
identify and predict moderate-to-severe OSA. Thus, here 
an AHI ≥15 was defined as OSA, and an AHI <15 was non-
OSA (10). PSG technicians were blinded to the results of 
Holter monitoring.

Statistical analysis

Analyses were conducted using SPSS 25.0 software 

(IBM SPSS Statistics for Windows; Armonk, NY, USA). 
Quantitative data that conformed to the normal distribution 
are presented as mean ± standard deviation. For normally 
distributed data, t-tests were used to compare the average 
of two independent samples, and a Pearson correlation 
analysis was used to determine the correlation between the 
two sets of data. Quantitative data that are not normally 
distributed are presented as median and 25% and 75% 
quartiles. For non-normally distributed data, the equivalent 
non-parametric analyses were conducted, including 
Wilcoxon Rank-sum tests used for comparison between 
groups and Spearman correlations for correlation analyses. 
A receiver operating characteristic (ROC) curve analysis was 
performed to assess diagnostic accuracy. Qualitative data 
were presented as rates and compared using the Chi-square 
test. Multivariate analysis was performed using logistic 
regression analysis. The statistical significance level for all 
analyses was set at α=0.05.

Results 

Participants’ characteristics

A total of 63 patients, including 52 males and 11 females, 
completed the PSG and Holter monitoring at the same 
time. The average age was 47.1±12.7 (range, 20–76) years. 
The characteristics of participants are presented in Table 1.

Parameters of Holter and PSG

There were no adverse events from performing the Holter 
monitoring or PSG. According to the PSG monitoring 
results, AHI ≥15 was used as the diagnostic criterion for 
an OSA diagnosis, with 40 cases, including 38 males and 2 
females, meeting this criterion; 23 cases, including 14 males 
and 9 females, did not meet the OSA diagnosis criterion.

According to the above criterion, patients were divided 
into two groups: OSA and non-OSA. The total time of 
apnea events (Ta) and the ratio of the apnea events time 
to the recording time (Ta/Tm) were the major parameters 
derived from Holter respiratory waveforms (Figure 1) and 
were both significantly greater in the OSA group than in 
the non-OSA group. Conversely, the HRV parameters, 
SDNN-24 h, SDANN index, rMSSD, pNN50, and HF 
were all significantly lower in the OSA group than in the 
non-OSA group (Table 2).

Correlation analyses revealed that each of the Holter 
parameters that were found to be significantly different 
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Table 1 Characteristics of participants

Characteristics N=63

Age in years 47.1±12.7

Male, n (%) 52 (82.5)

Height (cm) 168.2±7.6

Weight (kg) 76.0±13.9

BMI (kg/m2) 26.0 (24.2, 29.3)

ESS 7 [5, 10]

Symptoms, n (%) N=60

Snoring 53 (88.3)

Difficulty falling asleep 17 (28.3)

Leg movement 5 (8.3)

Feeling suffocated 17 (28.3)

Teeth grinding 4 (6.7)

Nocturnal enuresis 21 (35.0)

Dozing off during the day 22 (36.7)

Nightmare 8 (13.3)

Dry mouth in the morning 26 (43.3)

Unrelieved fatigue after sleep 17 (28.3)

Sexual dysfunction 11 (18.3)

Comorbidities, n (%) N=60

Hypertension 23 (38.3)

Lung diseases 1 (1.7)

Depression 1 (1.7)

Coronary artery disease 4 (6.7)

Stroke 1 (1.7)

Diabetes mellitus 7 (11.7)

Anxiety neurosis 2 (3.3)

Arrhythmia 11 (18.3)

Rhinitis/nasosinusitis 15 (25.0)

Rhinopolyps 4 (6.7)

Smoking 19 (31.7)

Alcohol 19 (31.7)

Quantitative data that conform to the normal distribution are 
presented as mean ± standard deviation. Quantitative data that 
are not normally distributed are presented as median and 25% 
and 75% quartiles. Data of symptoms and comorbidities was 
missing in three participants, and the percentage was calculated  
with 60 as the denominator. BMI, body mass index; ESS, the 
Epworth Sleeping Scale.

between the OSA and non-OSA groups (Ta, Ta/Tm, SDNN-
24 h, SDANN index, rMSSD, pNN50, HF) was correlated 
with each of the PSG parameters AHI, ODI, SpO2_M, 
SpO2_L, T<90%, and T<90%/Ts (Table 3). This suggested 
that Holter-recorded apnea events and HRV indices were 
highly consistent with PSG-recorded OSA severity and 
oxygenation impairment.

ROC curve for OSA prediction based on Holter respiratory 
waveforms

The two main parameters derived from Holter respiratory 
waveforms, the total time of apnea events and the ratio of 
the apnea event time to the recording time, were used to 
predict OSA diagnosis. For an OSA diagnosis based on the 
total time of apnea events, the corresponding area under the 
ROC curve was 0.915 (P<0.001, standard error 0.036, 95% 
CI: 0.845–0.985) (Figure 2A), with 13,817 seconds as the 
cutoff point, the sensitivity was 90.0%, and the specificity 
was 82.6%. For an OSA diagnosis based on the ratio of the 
apnea event time to the recording time, the corresponding 
area under the ROC curve was 0.921 (P<0.001, standard 
error 0.035, 95% CI: 0.853–0.988) (Figure 2B), with 47.5% 
as the cutoff point, the sensitivity was 90.0%, and the 
specificity was 82.6%. The flow diagram of participants, for 
an OSA diagnosis based on the ratio of the apnea event time 
to the recording time, is presented in Figure 3. The flow of 
participants, for an OSA diagnosis based on the total time 
of apnea events, is the same as Figure 3. Table 4 shows the 
accuracy of Holter monitoring for diagnosis of OSA.

Logistic regression analysis for OSA prediction based on 
Holter indices

To set up an algorithm which is based on common HRV 
indices and clinical characteristics, and could be used 
conventionally in clinical practice, a logistic regression 
analysis for OSA prediction based on Holter parameters 
and clinical characteristics was performed. HRV indices 
correlated with AHI, including SDNN-24 h, SDANN 
index, rMSSD, pNN50, SPmin, and HF, as well as clinical 
characteristics, including BMI and gender, were put 
into the model. The analysis results show that, gender 
was the only one parameter independently correlated to 
OSA diagnosis (P=0.024). And SDNN-24 h, SDANN 
index, rMSSD, pNN50 were of collinearity (VIF were 
67.350, 55.959, 25.747 and 33.407). We conducted logistic 
regression models with SDNN-24 h and gender, SDANN 
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Figure 1 Holter heart rate trend chart and respiratory waveforms. (A) The heart rate trend chart (top, vertical green lines) and respiratory 
waveforms (bottom, white line waveform) of a patient without OSA; the heart rate trend chart is stable, and the breathing curve fluctuates 
regularly. (B) The heart rate trend chart (top, vertical green lines) and respiratory waveforms (bottom, white line waveform) of a patient with 
OSA. The heart rate trend chart shows significant fluctuations, and the respiratory curve shows paroxysmal apnea. OSA, obstructive sleep apnea.

A

B

Table 2 Holter parameters of patients with or without OSA

Holter parameters OSA (n=40) Non-OSA (n=23) P

Respiratory wave chart

Ta (s) 195,511.6±5,225.4 9,245.7±5,447.8 <0.001

Ta/Tm (%) 68.15±18.4 31.5±18.9 <0.001

Parameters of HRV

SDNN-24 h 125.5±31.1 151.7±34.2 0.003

SDANN index 114.8±31.6 140.9±34.1 0.003

SDNN index 44.5 (39.3, 55.0) 60.0 (45.0, 67.0) 0.026

rMSSD 23.0 (17.0, 32.0) 33.0 (22.0, 46.0) 0.027

pNN50 3.0 (1.3, 10.0) 11.0 (3.0, 19.0) 0.038

TP 2,210.8 (1,561.55, 3,109.4) 3,082.9 (2,073.3, 4,376.2) 0.068

SPmin 516.0 (262.1, 948.8) 764.6 (609.6, 1,594.3) 0.024

SPmax 5,853.4 (4,144.8, 7,944.5) 7,116.2 (4,295.7, 10,091.1) 0.384

VLF 1,672.5 (1,140.9, 2,224.0) 2,038.4 (1,353.1, 2,936.7) 0.089

LF 421.8 (289.6, 720.8) 597.5 (281.6, 946.4) 0.275

HF 137.2 (82.7, 298.0) 297.0 (134.8, 464.9) 0.033

Quantitative data that conform to the normal distribution are presented as mean ± standard deviation. Quantitative data that are not  
normal distributed are presented as median and 25% and 75% quartiles. OSA, obstructive sleep apnea; Ta, the total time of apnea events; 
Ta/Tm, the ratio of the apnea events time to the recording time; HRV, heart rate variability; SDNN-24 h, the standard deviation of NN  
intervals during 24 hours; SDANN Index, mean of SDANN (standard deviation of the averages of NN intervals in 5-minute segments of the 
entire recording) in 5-minute segments; SDNN Index, the mean of the standard deviation of NN intervals in 5-minute segments; rMSSD, 
the square root of the mean squared differences of successive NN intervals; pNN50, NN50 count divided by the total number of all NN 
intervals; TP, the total spectral power of 24 hours; SPmin, the minimum spectral power per hour; SPmax, the maximum spectral power per 
hour; VLF, very low frequency; LF, low frequency; HF, high frequency.
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Table 3 Correlation coefficients of Holter parameters and PSG parameters

Parameters Ta Ta/Tm SDNN-24 h SDANN index rMSSD pNN50 SPmin HF

AHI rs=0.772, 
P<0.001

rs=0.793, 
P<0.001

rs=–0.456, 
P<0.001

rs=–0.457, 
P<0.001

rs=–0.349, 
P=0.005

rs=–0.328, 
P=0.009

rs=–0.297, 
P=0.018

rs=–0.316, 
P=0.012

ODI rs=0.772, 
P<0.001

rs=0.801, 
P<0.001

rs=–0.385, 
P=0.002

rs=–0.390, 
P=0.002

rs=–0.357, 
P=0.004

rs=–0.319, 
P=0.011

rs=–0.289, 
P=0.021

rs=–0.330, 
P=0.008

SpO2_M rs=–0.700, 
P<0.001

rs=–0.715, 
P<0.001

rs=0.436, 
P<0.001

rs=0.434,  
P<0.001

rs=0.447, 
P<0.001

rs=0.436, 
P<0.001

rs=0.320, 
P=0.010

rs=0.435, 
P<0.001

SpO2_L rs=-0.597, 
P<0.001

rs=-0.612, 
P<0.001

rs=0.432, 
P=0.001

rs=0.422,  
P=0.001

rs=0.381, 
P=0.002

rs=0.355, 
P=0.004

rs=0.386, 
P=0.002

rs=0.344, 
P=0.006

T<90% rs=0.682, 
P<0.001

rs=0.704, 
P<0.001

rs=–0.404, 
P=0.001

rs=–0.401, 
P=0.001

rs=–0.365, 
P=0.003

rs=–0.343, 
P=0.006

rs=–0.329, 
P=0.008

rs=–0.348, 
P=0.005

T<90%/Ts rs=0.638, 
P<0.001

rs=0.637, 
P<0.001

rs=–0.333, 
P=0.015

rs=–0.313, 
P=0.023

rs=–0.433, 
P=0.001

rs=–0.401, 
P=0.003

rs=–0.375, 
P=0.006

rs=–0.415, 
P=0.002

PSG, polysomnography; Ta, the total time of apnea events; Ta/Tm, the ratio of the apnea events time to the recording time; SDNN-24 h, the 
standard deviation of NN intervals during 24 hours; SDANN Index, mean of SDANN (standard deviation of the averages of NN intervals in 
5-minute segments of the entire recording) in 5-minute segments; rMSSD, the square root of the mean squared differences of successive 
NN intervals; pNN50, NN50 count divided by the total number of all NN intervals; SPmin, the minimum spectral power per hour; HF, high 
frequency; AHI, sleep apnea and hypopnea index, ODI, oxygen desaturation index; SpO2_M, mean oxygen saturation at night; SpO2_L, 
lowest oxygen saturation at night; T<90%, time of oxygen saturation less than 90%; T<90%/Ts, percentage of sleep time when the oxygen  
saturation is below 90%.

Figure 2 ROC curve for OSA prediction based on Holter respiratory waveforms. (A) ROC curve for OSA diagnosis (AHI ≥15) based on the 
total time of apnea events. (B) ROC curve for OSA diagnosis (AHI ≥15) based on the ratio of the apnea event time to the recording time. ROC, 
receiver operating characteristic; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index.
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Index and gender, rMSSD and gender, and pNN50 and 
gender respectively, and found that SDNN-24 h and 
gender best predicted OSA (Chi-square =20.359, P<0.001; 
Table 5), correctly classifying 77.8% of the participants as 
OSA or non-OSA. The model had a sensitivity of 87.5%, a 
specificity of 56%, a positive predictive value of 79.5%, and a 
negative predictive value of 73.7%. According to the logistic 

regression results, males with an SDNN-24 h ≤177 ms  
and females with an SDNN-24 h ≤80.9 ms were at high risk 
of OSA.

Discussion

Our study found that the Holter-derived respiratory 
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Figure 3 The flow diagram of participants, for an OSA diagnosis based on the ratio of the apnea event time to the recording time. OSA, 
obstructive sleep apnea.

Potentially eligible participants 
n=63

Eligible participants 
n=63

Holter monitoring 
n=63

Holter monitoring negative
n=23

Polysomnography
n=23

Polysomnography
n=40

Final diagnosis
-OSA n=4

-non-OSA n=19

Final diagnosis 
-OSA n=36 

-non-OSA n=4

Holter monitoring positive 
n=40

Table 5 Logistic model for OSA prediction based on SDNN-24 h and gender

Items B SE Wald df P Exp(B)
95% CI for Exp(B)

Lower Upper

Gendera –2.883 0.939 9.433 1 0.002 0.056 0.009 0.352

SDNN-24 h –0.030 0.011 8.023 1 0.005 0.970 0.950 0.991

Constant 5.310 1.621 10.724 1 0.001 202.295
a, male was coded as 0, female was coded as 1. OSA, obstructive sleep apnea; SDNN-24 h, the standard deviation of NN intervals during 
24 hours; CI, confidence interval.

Table 4 The accuracy of Holter monitoring for diagnosis of OSA

Holter monitoring
OSA

Total
Positive Negative

Positive 36 4 40

Negative 4 19 23

Total 40 23 63

OSA, obstructive sleep apnea.
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waveforms’ sensitivity for screening OSA is 90.0%, and 
the specificity is 82.6%; Holter test results of the SDNN-
24 h indicate that values ≤177 ms for males and ≤80.9 ms 
for females predict a higher risk of OSA. Calculations from 
Holter monitoring and the derived respiratory waveforms 
can predict the risk of OSA with high sensitivity. SDNN-24 h  
was common parameter that reported by most commercial 
Holter monitors. The results of our study provided a 
convenient way for clinicians to predict OSA risk by Holter 
monitoring, and improve the diagnosis and treatment rate 
of OSA.

In our study, the respiratory waveforms derived based on 
the Holter heart rate trend chart were used to calculate the 
total time of apnea events and the total time of apnea events 
as a percentage of sleep time and diagnose OSA. Our results 
show that compared to the PSG diagnostic method, using 
AHI ≥15 as the intercept point, Holter’s sensitivity is 90.0% 
and specificity is 82.6% for screening OSA. This result 
suggested a high sensitivity. Most patients with a high risk 
of OSA could be distinguished by Holter. Similar results 
were reported by Lyons et al., who calculated the respiratory 
power index using common ECG data, combined with 
clinical indicators such as BMI, and predicted a sensitivity 
of 91.7% and a specificity of 27.3% for severe OSA (AHI 
≥30/h) (11).

ECG signals are closely related to respiration. The 
autonomic nervous system is responsible for regulating 
breathing and heart rate, among other processes, and the 
two divisions of the autonomic nervous system (sympathetic 
and parasympathetic) can work in seemingly opposite yet 
complementary ways to increase or decrease breathing 
and heart rate based on contextual and environmental 
demands. The system works in such a way that changes or 
adjustments in the breathing cycle causes the heart rate to 
change. This relationship can be illustrated by changes in 
the ECG signal. Accompanied by respiratory relaxation of 
the thorax and changes in lung air content, the transthoracic 
electrical impedance changes accordingly (12). These 
changes cause the QRS amplitude of the recorded ECG 
to fluctuate up and down, that is, the regular deviation of 
the average ECG axis direction. According to the regular 
deviation of the average ECG axis direction, algorithms can 
be used to derive the corresponding respiratory waveforms 
and to calculate the apnea/hypopnea events.

A growing number of studies show that OSA has a high 
prevalence along with many cardiovascular diseases, for 
example, 34% of patients with hypertension (3), 21–74% of 
patients with atrial fibrillation (4), and 46% of patients with 

myocardial infarction also have a diagnosis of OSA (5), Some 
patients with OSA notice cardiovascular symptoms such 
as chest tightness, palpitations, nocturnal angina pectoris, 
nocturnal arrhythmia, and refractory hypertension; thus, 
they often first consult the department of cardiology (13),  
which may delay or conceal the diagnosis of OSA. Due to 
the wide use of Holter and the high prevalence of OSA in 
many cardiovascular diseases, if Holter technicians could 
report the risk of OSA in addition to the traditional Holter 
report, the diagnosis rate of OSA would be improved 
significantly. It is more suitable for finding out early 
warning signs or screening of OSA during routine Holter 
examination in primary medical units. Active detection of 
OSA in patients is important for clinical practice. For OSA-
positive patients based on the Holter screening, PSG or 
HST can be further performed to confirm the diagnosis and 
determine the severity of the disease.

Besides respiratory waveforms, HRV indices were 
the other important parameters provided by Holter. 
Chikao Nakayama developed an apnea/normal breathing 
recognition model based on HRV, which had a sensitivity 
of 76% for screening OSA (AHI ≥15) (14). Moreover, 
Holter HRV indices are correlated with the severity of 
OSA. Previous studies have shown that SDNN, pNN50, 
and other time domain indicators decrease, and LF/HF 
increases in patients with OSA (15). Patients with OSA with 
AHI ≥30 have significant changes in time and frequency 
indicators compared with patients without OSA. After  
3 months of continuous positive airway pressure treatment, 
HRV indices can recover to a certain extent (16). Although 
HRV indices are closely related to OSA severity and could 
be provided by traditional Holter reports, nowadays, Holter 
technicians find it difficult to judge the risk of OSA based 
on the HRV indices (16). Because of that, there are tens of 
HRV indices, but no clear cutoff points to distinguish OSA 
and non-OSA. Moreover, there is no equation based on 
these HRV indices to calculate the risk of OSA (16).

The results of this study show that SDNN-24 h and 
gender can predict the risk of OSA. The sensitivity 
of SDNN-24 h combined with gender for predicting 
moderate to severe OSA is 87.5%, which can accurately 
distinguish the risk of OSA in 77.8% of patients. According 
to the logistic regression model, Holter test results of the 
SDNN-24 h indicate that values ≤177 ms for males and 
≤80.9 ms for females predict a higher risk of OSA. SDNN-
24 h is the standard reporting information of the Holter 
monitor; therefore, no special software or procedures are 
needed to run the monitor and obtain the necessary/useful 
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information, making it well suited to be widely used in 
clinical practice. If Holter technicians can assess the risk 
of OSA disease based on the patient’s gender and SDSN-
24 h results, include the information on OSA risk in their 
reports, and suggest a follow-up to assess OSA, missing 
the diagnosis or misdiagnosis of OSA can be significantly 
decreased.

The limitations of this study were that the sample size 
was small, the participants were mostly male and that 
the participants were only the patients who visited the 
sleep center. Holter examination is mostly performed 
in patients with cardiovascular symptoms such as chest 
tightness and palpitations (17). Further research studies 
are needed to determine whether Holter is appropriate for 
OSA prediction in patients with cardiovascular symptoms, 
arrhythmia, coronary heart disease, and heart failure.
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