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Background:	 Obstructive sleep apnea (OSA) plays an important role in the progression of cardiovascular disease (CVD), and 
is a common symptom in patients with type 2 diabetes mellitus (T2DM). Prolongation of corrected QT interval 
(QTc) reflects ventricular arrhythmias and CVD.
The aim of this study was to explore the relationship between OSA and QTc in T2DM patients and to evaluate 
the potential application of QTc in clinical practice.

Material/Methods:	 A total of 358 T2DM patients were involved in this study. OSA was diagnosed with apnea-hypopnea index ³5 
by full-night polysomnography and QTc was measured by a 12-lead electrocardiogram (ECG). Patients were 
grouped into 2 groups based on median QTc, and clinical data were studied. Logistic regression analysis was 
used to investigate the association between OSA and QTc with adjusted age, sex, body mass index (BMI), hyper-
tension, total bilirubin (TBL), and smoking history.

Results:	 Among 358 T2DM patients, 59.2% had OSA. Compared to those in the QTc <418 ms group, older patients, 
females, patients with higher BMI, and OSA patients in the QTc ³418 ms group were more likely to have 
OSA (p<0.05). Correlation analysis suggested that OSA was associated with longer QTc (OR: 2.355, 95% CI: 
1.529–3.626, p<0.001). For T2DM patients with QTc ³418 ms, older patients (OR: 1.042, 95% CI: 1.042–1.064, 
p<0.001), females (OR: 2.36, 95% CI: 1.371–4.063, p<0.01), and patients with higher BMI (OR: 1.113, 95% CI: 
1.037–1.195, p<0.01) were significantly more likely to have OSA.

Conclusions:	 In this cross-sectional study, we found that the presence and severity of OSA was associated with QTc prolon-
gation in 358 patients with T2DM, and age, female sex, and BMI appear to be independent risk factors for OSA 
and CVD.
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Background

Obstructive sleep apnea (OSA) is repeated obstruction of the up-
per airway during sleep, which causes episodic hypoxia, arousal, 
sleep disturbance, and sleep-disordered breathing [1]. It is esti-
mated that 9-38% of people experience OSA, particularly for men 
and people who are older and overweight or obese [2]. However, 
the reported prevalence of OSA in China is a very low 3–7%, 
which is mainly due to people ignoring the medical condition [3].

Previous studies have shown that OSA increases the risk of 
metabolic syndrome, cardiovascular disease, hypertension, and 
diabetic kidney disease [4–6]. Furthermore, evidence suggests 
that ~30% of people with OSA have type 2 diabetes mellitus 
(T2DM), and 60% of T2DM patients in China had newly diag-
nosed comorbid OSA [7]. The mechanism of OSA and T2DM 
is thought to be sleep fragmentation and chronic intermittent 
hypoxia, which activates the sympathoadrenal system, leads 
to oxidative stress and inflammatory responses, and causes 
abnormal alterations in adipokines [8–10]. Consequently, 
increased insulin resistance and pancreatic b-cell dysfunction 
occur during the progression of T2DM.

The QT interval is defined as the total time required for ven-
tricular myocardial depolarization and repolarization. The pro-
longed heart rate-corrected QT interval (QTc interval) is closely 
associated with all-cause and CVD-related mortality in pa-
tients with T2DM [11–15]. A recent meta-analysis revealed 
that OSA is an independent risk factor for CVD and other car-
diovascular consequences [16]. Few studies have investigat-
ed the relationship between QTc and OSA, and the results are 
conflicting. Shamsuzzman et al. and Cicek et al. reported that 
OSA was associated with prolonged QTc [17,18]. Rossi et al. 
found that the QTc interval was shorter in moderate-to-severe 
symptomatic OSA patients who had continuous positive air-
way pressure, and obvious prolongation of QTc was observed 
after withdrawal of airway pressure [19]. However, Barta et al. 
and Viigimae et al. suggested that nocturnal QTc did not dif-
fer from QTc in patients with OSA [20,21].

Thus, in light of the limited data on the association between 
OSA and QTc in patients with T2DM, we conducted this study 
to investigate the risk factors for OSA and the relationship be-
tween OSA and QTc in patients with T2DM in China, as well as 
their potential applications in clinical practice.

Material and Methods

Study design and participants

In this retrospective study, a total of 358 patients with T2DM 
were recruited from January 2017 to May 2019, who visited 

the Department of Endocrinology Inpatient Service, the 3rd 
Affiliated Hospital of Soochow University, Changzhou, China. 
T2DM patients was diagnosed according to the 1999 WHO cri-
teria for diabetes (fasting plasma glucose (FPG) ³7.0 mmol/l 
or 2-h plasma glucose (PG) ³11.1 mmol/l) [22]. The exclusion 
criteria were: 1) previously treated for OSA; and 2) disease 
history, such as coronary artery disease, valvar heart disease, 
arrhythmia, cardiomyopathy, cerebrovascular disease, chronic 
lung or liver disease, acute or chronic kidney disease, malig-
nancy, electrolyte disturbance, anemia, or other clinical con-
ditions. This study was approved by the Ethics Committee of 
the Third Affiliated Hospital of Soochow University. Written 
informed consent was obtained from each participant before 
enrolment. Clinical data and life-style data were collected.

Demographic characteristics, including age, sex, weight, height, 
waist circumference, hip circumference, were recorded. Body 
mass index (BMI, weight (kg)/height2(m2)) was calculated and 
classified as overweight (24 kg/m2 £BMI £27.9 kg/m2) or obese 
(BMI ³28 kg/m2) in Chinese adults. Patients were told not to 
eat or drink for 12 h before the general examinations. We as-
sessed the following laboratory parameters using the AU5800 
Series Chemistry System (Beckman, USA): ALT, AST, GGT, AKP, 
LDH, TBL, DBIL, TC, TG, HDL, LDL, CR, BUN, UA, and FPG. HbA1c 
values were measured using the D-10 Hemoglobin Testing 
System (Bio-Rab, USA). Patients taking anti-hypertensive drugs 
and those with blood pressure above 140/90 mmHg after sit-
ting quietly for at least 5 min (OMRON model HEM-752 FUZZY, 
OMRON Company, Dalian, China) [23] were regarded as having 
hypertension. Liver ultrasound scanning (LOGIQ E9, GE, USA) 
was performed by an experienced radiologist who was blind-
ed to the patients’ details. Diagnosis of fatty liver disease was 
made on the basis of characteristic ultrasonographic features: 
evidence of increased echogenicity of the liver parenchyma in 
comparison with right renal cortex, attenuation of the ultrasound 
beam, and poor visualization of intrahepatic structures [24].

OSA measurement

Full-night polysomnography was used to record sleep con-
dition of each participant using the Voyager Digital Imaging 
E-series system (Compumedics, Melbourne, Australia), and OSA 
was assessed with the apnea-hypopnea index (AHI) ³5 [25].

QTc measurement

A standard 12-lead ECG was recorded using the CardioDirect 
12 system (Spacelabs Healthcare, Snoqualmie, WA, USA) or a 
standard red-paper machine. QT interval was measured as the 
mean of the QT intervals for all viable leads using Metasoft 
3.9 software (CardioDirect 12 system) or CardioCaliper (stan-
dard red-paper machine). QTc was corrected for heart rate us-
ing Bazett’s formula [26].
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Statistical analysis

SPSS 26.0 (IBM Corp., Armonk, NY, USA) was used for data anal-
ysis. The homeostasis model assessment 2 insulin resistance 
index (HOMA2-IR) was calculated using software downloaded 
from http://www.dtu.ox.ac.uk. For continuous data, normality 
and homogeneity of variance was first tested via Shapiro-Wilk 
test and Levene test, respectively, and results are presented 
as median (interquartile range), whereas categorical data are 
presented as number and percentage. The Mann-Whitney U 
test was performed to compare continuous data of 2 groups, 
and the chi-square test was used for comparison of categor-
ical data. Logistic regression analyses were used to investi-
gate the association between OSA and QTc. Here, we used 
median QTc interval (³418 ms) to group the objectives in our 
study [27]. For logistic regression analysis, 3 models were used 
to demonstrate the relationship between OSA and QTc. In brief, 
the model for uncorrected analysis (Model 1), the model cal-
ibrated with age, sex, and BMI (Model 2), and Model 3 was 
substituted into Model 2 with age, sex, BMI, history of hyper-
tension, smoke, and TBL. A forest plot was used for subgroup 
analysis with GraphPad prism 8 software. P value <0.05 was 
considered as statistically significant.

Results

Clinical characteristics of participants

The clinical characteristics of the participants stratified by the 
median QTc are summarized in Table 1. The median age was 
55 years (IQR: 48, 65) in group 2 (QTc ³418 ms) and 49 years 
(IQR: 41, 58) in group 1 (QTc <418 ms) (p<0.001). In group 2, 
39% of participants were females, compared to 20% in group 1. 
The median BMI of group 2 was 26.96 kg/cm2 (IQR: 25.21 kg/cm2, 
30.08 kg/cm2), which was higher than that of group 1 (median: 
25.78 kg/cm2, IQR: 23.19 kg/cm2, 28.29 kg/cm2) (p<0.001).

Group 2 had higher levels of AST, LDH, TG, HOMA2-IR, QTc, and 
AHI and lower TBL and HBA1C. In addition, the percentage of 
patients with OSA (AHI ³5) in group 2 was higher than that 
in group 1 (69.23% vs. 48.86%). Further, when patients were 
grouped by OSA, the proportion of patients with QTc interval 
³418 ms was higher (Figure 1).

Logistic regression analysis of the association between 
OSA and QTc

Logistic regression analysis was used to further investigate 
the association of OSA with QTc. Here, 3 models were gener-
ated: the model for uncorrected analysis (Model 1), the mod-
el calibrated with age, sex, and BMI (Model 2), and Model 3 
was substituted into Model 2 with age, sex, BMI, history of 

hypertension, smoke, and TBL. The covariates were chosen as 
potential confounders based on their biological plausibility or 
statistical results with prolonged QTc in univariate analyses.

Table 2 shows the effects of adjustment for potential con-
founders on the relationship between OSA and QTc. In Model 1, 
OSA was associated with increased odds of QTc ³418 ms (OR: 
2.355; 95% CI: 1.529–3.626; <0.001). In Model 2 and Model 3, 
the association between OSA and QTc was not weakened af-
ter adjustment for potential confounding factors. In Model 3, 
independent predictors of QTc ³418 ms were older age (OR: 
1.866, 95% CI: 1.065–3.272; p<0.001), female sex (OR: 2.360; 
95% CI: 1.371–4.063; p<0.01), and higher BMI (OR: 1.113; 95% 
CI: 1.037–1.195; p<0.01). Subgroup analysis was analyzed by 
using sex, age, and BMI for the adjustment of all factor’s mod-
els. Overweight patients with OSA tended to have longer QTc 
(OR, 2.21; 95% CI, 1.09–4.48; P<0.001), as shown in Figure 2.

Discussion

We found that T2DM patients with OSA were associated 
with QTc prolongation, which is consistent with previous re-
sults [17–19]. The potential risk factors were age, higher BMI, 
sex (female), hypertension history, and fatty liver disease, as 
well as higher levels of AST, LDH, TBL, TG, and HOMA2-IR. For 
the analysis of relationship between OSA and QTc intervals, 
we found that there were more patients with OSA in the QTc 
³418 ms group than that in the QTc <418 ms group, and the 
proportion of patients with QTc interval ³418 ms increased 
according to the progression of OSA. Also, in logistic regres-
sion analysis, we revealed that OSA was significantly associat-
ed with QTc ³418 ms, even after adjustment for multiple po-
tential confounding factors. Independent risk factors for QTc 
³418 ms were older age, female sex, and higher BMI [14,25]. 
Thus, our results suggest that the presence and severity of 
OSA is associated with longer QTc in patients with T2DM, indi-
cating that OSA-related QTc prolongation may be an addition-
al predictor of increased CVD risk in patients with T2DM and 
showing the importance of evaluating global cardiovascular 
and arrhythmia risk [17].

The mechanisms underlying the relationship between OSA and 
QTc prolongation are poorly investigated, but it has been sug-
gested that repetitive episodes of apnea during sleep cause 
activation of the sympathoadrenal system, resulting in sus-
tained elevation of sympathetic activity while awake [28,29]. 
Goyal et al. [25] found that the elevation in plasma catechol-
amine levels can initiate inflammatory cascades, causing injured 
tissues to express damage-associated molecular patterns that 
stimulate receptors on immune cells. Then, the release of in-
flammatory cytokines may induce the homing of inflammatory 
cells to vulnerable end organs, thereby aggravating end-organ 
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Group 1
QTc interval <418 ms

(n=176)

Group 2
QTc interval ³418 ms

(n=182)
Z/c2 P value

Age (years) 	 49.00	 (40.50, 58.00) 	 55.00	 (48.00, 65.00) –5.088 0.000

Sex (n, %) 14.703 0.000

	 Male 	 140	 (79.55) 	 111	 (60.99)

	 Female 	 36	 (20.45) 	 71	 (39.01)

Smoke (n, %) 1.110 0.292

	 Yes 	 49	 (27.84) 	 60	 (32.97)

	 No 	 127	 (72.16) 	 122	 (67.03)

Hypertension history (n, %) 12.223 0.000

	 Yes 	 112	 (63.64) 	 146	 (80.22)

	 No 	 64	 (36.36) 	 36	 (19.78)

Fatty liver (n, %) 8.097 0.004

	 Yes 	 126	 (71.59) 	 153	 (84.07)

	 No 	 50	 (28.41) 	 29	 (15.93)

Height (cm) 	 171.00	 (165.00, 175.00) 	 168.00	 (162.00, 173.00) –3.232 0.001

Weight (kg) 	 75.00	 (66.50, 83.00) 	 76.75	 (66.00, 86.00) –1.344 0.179

BMI (kg/m2) 	 25.8	 (23.2, 28.3) 	 27.0	 (25.2, 30.1) –3.607 0.000

Waist circumference (cm) 	 92.00	 (85.00, 99.00) 	 93.00	 (86.00, 102.00) –1.662 0.096 

Hip circumference (cm) 	 98.00	 (94.00, 102.50) 	 100.00	 (94.00, 105.00) –2.094 0.036 

Waist-hip ratio 	 0.93	 (0.90, 0.97) 	 0.94	 (0.90, 0.98) –1.244 0.213 

SBP (mmHg) 	 133.50	 (124.00, 146.00) 	 140.00	 (130.00, 154.00) –3.505 0.000 

DBP (mmHg) 	 84.00	 (78.00, 92.00) 	 86.00	 (80.00, 93.00) –1.859 0.063 

Laboratory test

ALT (U/L) 	 25.00	 (18.00, 41.00) 	 27.00	 (18.00, 41.00) –0.379 0.705 

AST (U/L) 	 17.00	 (12.00, 23.00) 	 18.50	 (14.00, 27.00) –2.566 0.010 

GGT(U/L) 	 34.00	 (21.00, 55.00) 	 37.00	 (25.00, 60.00) –1.698 0.089 

AKP (U/L) 	 79.00	 (66.00, 93.00) 	 81.00	 (67.00, 97.00) –1.132 0.258 

LDH (U/L) 	 160.50	 (132.00, 192.00) 	 170.50	 (146.00, 202.00) –2.594 0.009 

TBL (U/L) 	 10.20	 (7.65, 13.80) 	 9.60	 (6.90, 12.10) –2.214 0.027 

DBIL (U/L) 	 3.20	 (2.50, 4.25) 	 3.20	 (2.30, 4.10) –0.703 0.482 

TC (mmol/L) 	 4.60	 (3.94, 5.19) 	 4.67	 (4.03, 5.27) –0.967 0.333 

TG (mmol/L) 	 2.03	 (1.46, 3.00) 	 2.50	 (1.82, 4.10) –4.386 0.000 

HDL (mmol/L) 	 1.00	 (0.86, 1.15) 	 0.99	 (0.82, 1.14) –0.914 0.361 

LDL (mmol/L) 	 2.33	 (1.94, 2.86) 	 2.38	 (1.93, 2.82) –0.054 0.957 

CR (μmol/L) 	 71.00	 (59.00, 83.00) 	 71.00	 (61.00, 81.00) –0.267 0.790 

Table 1. Clinical characteristics of participants stratified according to median corrected QT interval.
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Table 1 continued. Clinical characteristics of participants stratified according to median corrected QT interval.

Group 1
QTc interval <418 ms

(n=176)

Group 2
QTc interval ³418 ms

(n=182)
Z/c2 P value

BUN (mmol/L) 	 5.19	 (4.10, 6.07) 	 5.00	 (3.98, 6.00) –1.015 0.310 

UA (μmol/L) 	 288.65	 (229.35, 360.70) 	 294.15	 (235.20, 365.70) –0.858 0.391 

FPG (mmol/L) 	 9.11	 (7.60, 11.40) 	 9.71	 (7.50, 12.10) –1.164 0.245 

HOMA-IR 	 1.70	 (1.12, 2.29) 	 1.90	 (1.41, 2.52) –3.175 0.001 

HBA1C (%) 	 10.00	 (8.10, 11.80) 	 9.60	 (8.00, 11.30) –1.414 0.157 

QTc and OSA measurement

QTc (ms) 	 404.00	 (396.00, 410.00) 	 429.00	 (422.00, 440.00) –16.364 0.000 

Apnea-hypopnea index (AHI) 	 4.30	 (2.50, 20.20) 	 16.95	 (3.50, 40.90) –4.437 0.000 

AHI rating (n,%) 20.837 0.000

	 AHI <5 	 90	 (51.14) 	 56	 (30.77)

	 5£ AHI <15 	 32	 (18.18) 	 29	 (15.93)

	 15£ AHI <30 	 22	 (12.50) 	 33	 (18.13)

	 AHI ³30 	 32	 (18.18) 	 64	 (35.16)

1.00

0.75

0.50
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0.00
AHI<5
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Figure 1. �Proportion of QT interval duration stratified by 418 ms 
in all patients.

Logistic regression models OR (95% CI) p-Value

Obstructive sleep apnea (yes vs. no)

	 Model 1 2.355 (1.529–3.626) 0.000

	 Model 2 1.798 (1.046–3.089) 0.034

	 Model 3 1.866 (1.065–3.272) 0.029

Other independent predictors of increased QTc interval in Model 2

	 Age (years) 1.042 (1.021–1.064) 0.000

	 Sex (Female) 2.360 (1.371–4.063) 0.002

	 BMI (kg/m2) 1.113 (1.037–1.195) 0.003

Table 2. Logistic regression analysis of the association between obstructive sleep apnea and corrected QT interval ³418 ms.

Model 1 – unadjusted; Model 2 – adjusted for age, sex, and BMI; Model 3 – adjusted for age, sex, BMI, hypertension, TBL, and smoking 
history.
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damage and increasing the risk of hypertension and myocardi-
al infarction. OSA also causes intermittent hypoxemia, which 
stimulates ventilation, leading to increased negative pressure 
in the chest, heart rate, and blood pressure. As the conse-
quence, a greater left ventricular afterload can cause myocar-
dial ischemia, QTc prolongation, and ventricular arrhythmias.

This study has some limitations. First, the study had a small 
sample drawn from individuals referred to a sleep clinic. 
Secondly, besides QT interval, other markers of cardiac repo-
larization abnormalities and sudden cardiac death [30], such 
as QT dispersion, were not evaluated. Thirdly, a possible ef-
fect played by medication to control QTC was not considered, 
which mainly involves patients with long-term use of diuretics. 
Lastly, follow-up is needed to assess health conditions of pa-
tients regarding the effects of QTc prolongation on outcomes 
such cardiovascular complications (e.g., arrythmia).

Conclusions

In conclusion, OSA, older age, female sex, and higher BMI were 
independently associated with QTc > 418 ms in patients with 
T2DM in China. The QTc prolongation in patients with T2DM 
raises the risk of OSA and adverse cardiac outcomes.
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Figure 2. �Logistic regression analysis of the 
association between obstructive sleep 
apnea and corrected QT interval.
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