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Abstract 

Background  The atherogenic index of plasma (AIP) is a simple and reliable marker of insulin resistance and is closely 
associated with various cardiovascular diseases (CVDs). However, the relationships between AIP and left ventricular 
(LV) geometric indicators have not been adequately assessed. This study was carried out to investigate the association 
between AIP and LV geometric abnormalities in obstructive sleep apnea (OSA) patients.

Methods  This retrospective cross-sectional study included a total of 618 OSA patients (57.3 ± 12.4 years, 73.1% 
males, BMI 28.1 ± 4.2 kg/m2) who underwent echocardiography. Patients with OSA were diagnosed with clinical 
symptoms and an apnea-hypopnea index ≥ 5.0. LV hypertrophy (LVH) was defined as left ventricular mass index 
(LVMIh2.7) ≥ 50.0 g/m2.7 for men and 47.0 g/m2.7 for women. AIP was calculated as log10 (TG/HDL-C).

Results  Compared with the non-LVH group, AIP was significantly higher in the LVH group (0.19 ± 0.29 vs 0.24 ± 0.28, 
P = 0.024) and the concentric LVH group (0.18 ± 0.29, 0.19 ± 0.30, 0.20 ± 0.26 and 0.29 ± 0.29 in the control, concen-
tric remodeling, eccentric hypertrophy and concentric hypertrophy groups, respectively, P = 0.021). Meanwhile, 
in the group of patients with the highest AIP tertile, the levels of LVMIh2.7 (42.8 ± 10.5, 43.2 ± 9.3 and 46.1 ± 12.1 
in the T1, T2 and T3 groups, respectively, P = 0.003), and the prevalence of LVH (25.2%, 24.0% and 34.6% in the T1, T2 
and T3 groups, respectively, P = 0.032) and concentric LVH (10.7%, 9.8% and 20.2% in the T1, T2 and T3 groups, respec-
tively, P = 0.053) were higher compared with those in the other groups. Positive correlations between AIP and LV 
geometric indicators including the LVMIh2.7, LVMIBSA, LV mass (LVM), diastolic left ventricular inner diameter (LVIDd), 
diastolic left ventricular posterior wall thickness (PWTd) and diastolic interventricular septal thickness (IVSTd), were 
revealed according to correlation analysis (P < 0.05). Furthermore, AIP was independently associated with LVMIh2.7 
according to multivariate linear regression model (β = 0.125, P = 0.001). Notably, AIP remained independently associ-
ated with an elevated risk of LVH [odds ratio (OR) = 1.317 per 1 standard deviation (SD) increment, 95% confidence 
interval (CI): 1.058 - 1.639, P = 0.014) and concentric LVH (OR = 1.545 per 1 SD increment, 95% CI: 1.173 - 2.035, 
P = 0.002) after fully adjusting for all confounding risk factors by multivariate logistic regression analyses.
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Conclusions  AIP was independently associated with an increased risk of LVH and concentric LVH in OSA patients. 
Therefore, AIP, as a practical and cost-effective test, might be useful in monitoring hypertrophic remodeling 
of the heart and improving CVDs risk stratification in clinical management of OSA.
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Background
Obstructive sleep apnea (OSA), characterized by recur-
rent partial or total obstructions of the upper airway 
during sleep, is a well-known public health problem 
that affects more than 10% of the general population, 
primarily overweight and obese patients [1]. Accumu-
lating studies have shown that OSA is associated with 
an increased risk of cardiovascular morbidity and mor-
tality [2]. The main myocardial structural remodeling 
observed in OSA patients is left ventricular hypertro-
phy (LVH), a major independent risk factor for cardio-
vascular events [3, 4]. Despite the growing awareness of 
the need to clinically identify LVH in OSA patients for 
cardiovascular diseases (CVDs) risk stratification, there 
is still a lack of convenient and practical parameters 
to supplement and improve LVH detection in clinical 
practice.

Previous studies have shown that insulin resistance 
(IR) increases with the severity of OSA and that IR is 
an important factor that accelerates LVH by stimulat-
ing cardiomyocyte hypertrophy, oxidative stress and 
inflammation [5–7]. Recently, the atherogenic index of 
plasma (AIP), determined with the formula log10 [tri-
glyceride (TG)/high-density lipoprotein cholesterol 
(HDL-C)], was shown to serve as a convenient and reli-
able marker of IR and to better reflect the pathogenic-
ity and specificity of dyslipidemia than high TG or low 
HDL-C levels alone [8–10]. AIP is closely associated 
with various CVDs, such as coronary artery disease 
(CAD), coronary artery calcification, in-stent resteno-
sis, poor collateral formation of coronary artery total 
occlusion, hypertension and mitral annular calcification 
[11–16]. Several studies have investigated the relation-
ship between TG/HDL-C ratio and LVH in obese chil-
dren and the general population [17–21]. TG/HDL-C 
ratio was found to positively correlate with left ventric-
ular mass index (LVMI), and a high TG/HDL-C ratio 
was demonstrated to be independently associated with 
an increased risk of concentric LVH [19–21]. However, 
no prior studies have explored the clinical value of AIP 
for evaluating LVH in patients with OSA. Therefore, 
the purpose of this study was to explore the association 
between AIP and LVH in OSA patients, so as to provide 
a possible reference for early detecting and monitoring 
cardiac adverse remodeling in patients with OSA.

Methods
Study population
Consecutive patients who were diagnosed with OSA 
and underwent echocardiography at the cardiovascu-
lar department of Peking University Shougang Hospital 
from February 2016 to August 2022 were retrospectively 
enrolled. The diagnosis of OSA was made based on 
clinical symptoms of OSA (snoring, snorting, gasping, 
breathing pauses during sleep, daytime sleepiness or 
fatigue despite sufficient sleep) and an apnea-hypopnea 
index (AHI) ≥ 5.0 of the complete out of center sleep test 
(OCST) records. The study complied with the principles 
outlined in the Declaration of Helsinki and was approved 
by the local ethics committee of Peking University Shou-
gang Hospital (IRBK-2023-017-01). Due to the retrospec-
tive design of the study, written consent from the patients 
could not be obtained.

Patients with central sleep apnea, previous treat-
ment for OSA, hypoxemic lung disease (such as chronic 
obstructive pulmonary disease, interstitial lung disease, 
asthma, pulmonary embolism), congestive heart failure, 
old myocardial infarction, acute coronary syndrome, 
known atrial fibrillation, significant aortic or mitral valve 
diseases, hypertrophic cardiomyopathy, malignancy, 
infection, autoimmune disease, liver or kidney disease, 
thyroid disease, alcohol abuse or poor image quality were 
excluded from the study.

Collection of demographic, medical and laboratory data
Demographic characteristics and medical data, includ-
ing age, sex, systolic blood pressure (SBP), diastolic 
blood pressure (DBP), height, weight, history of hyper-
tension, diabetes, CAD, antihypertensive medications, 
antihyperlipidemic medications, smoking and alcohol 
consumption, were obtained from medical records. 
Body mass index (BMI) was calculated as weight/height 
squared (kg/m2). Overweight was defined as 24.0  kg/
m2 ≤ BMI < 28.0  kg/m2 and obesity was defined as 
BMI ≥ 28 kg/m2 [22]. Hypertension severity was divided 
into 2 stages according to blood pressure (BP) levels or 
medication use: stage-1, BP < 160/100  mmHg or BP 
under control with 1 or 2 antihypertensive drugs; stage-2, 
BP ≥ 160/100  mmHg or BP under control with ≥ 3 anti-
hypertensive drugs [23, 24]. Laboratory data, including 
fasting blood glucose (FBG), TG, total cholesterol (TC), 
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HDL-C and low-density lipoprotein cholesterol (LDL-C), 
were measured from fasting blood samples with AU5811 
automatic biochemical analyser (Beckman Coulter, 
USA). AIP was calculated as log10 [TG (mmol/L)/HDL-C 
(mmol/L)]. Patients were divided into 3 groups accord-
ing to the three tertiles of AIP: the T1 group (AIP < 0.07), 
the T2 group (0.07 ≤ AIP < 0.31) and the T3 group 
(AIP ≥ 0.31).

OCST evaluation
Patients with clinically suspected OSA underwent OCST 
(Apnea Link Air, ResMed Germany Inc., Germany) 
after admission to the hospital. As described in a previ-
ous study [25], according to the American Association 
of Sleep Medicine (AASM) criteria, apnea was defined 
as a decrease to 0  -  20% of oronasal air flow for longer 
than 10 s; hypopnea was defined as a decrease in orona-
sal air flow by 50% for longer than 10 s or a decrease in 
both oronasal air flow by at least 30% and oxygen satura-
tion by 4% for longer than 10 s. The apnea and hypopnea 
counts per hour were recorded as the AHI [26]. Param-
eters including the AHI, percentage of sleep duration 
with oxygen saturation < 90% (TS90), lowest pulse oxygen 
saturation (LSpO2) and mean oxygen saturation (SpO2) 
were recorded. OSA severity was divided into mild (AHI: 
5.0  -  14.9) and moderate to severe (AHI ≥ 15.0) OSA 
according to the AHI.

Echocardiographic examination
All patients underwent a transthoracic echocardiogram 
(GE Healthcare, Vivid S6 system, M4S-RS probe) at the 
cardiovascular department of Peking University Shou-
gang Hospital. Echocardiographic parameters relevant 
to the current analysis, including left atrium diameter 
(LAD), diastolic left ventricular inner diameter (LVIDd), 
diastolic left ventricular posterior wall thickness (PWTd), 
diastolic interventricular septal thickness (IVSTd) and 
left ventricular ejection fraction (LVEF), were collected. 
Left ventricular mass (LVM) was calculated as follows: 
LVM (g) = 0.8*1.04*((IVSTd + PWTd + LVIDd)3  -  LVIDd3

) + 0.6. Body surface area (BSA) was calculated as follows: 
BSA (m2) = (weight [kg]0.425 * height [cm]0.725) * 0.007184. 
LVMI was calculated by dividing LVM by BSA accord-
ing to the recommendation of the American Society of 
Echocardiography/European Association of Cardiovas-
cular Imaging (ASE/EACVI) guidelines [27]. LVMIh2.7 
was calculated by dividing LVM by height2.7. Consider-
ing the high prevalence of overweight and obesity in 
OSA patients, LVH was defined as LVMIh2.7 > 50.0  g/
m2.7 for men or 47.0  g/m2.7 for women to avoid under-
diagnosis of LVH according to the EACVI recommenda-
tion [27]. Relative wall thickness (RWT) was calculated 
as 2*PWTd/LVIDd. LV geometric patterns were classified 

as normal (RWT ≤ 0.42 and no LVH), concentric remod-
eling (RWT > 0.42 and no LVH), eccentric hypertrophy 
(RWT ≤ 0.42 and LVH), and concentric hypertrophy 
(RWT > 0.42 and LVH).

Statistical analysis
Data management and statistical analysis were performed 
using SPSS 22.0 (IBM SPSS Statistics for Windows, USA). 
Histograms, probability plots and Kolmogorov-Smirnov 
test were performed to investigate the normality of the 
distributions of continuous variables. Normally distrib-
uted data are expressed as mean ± standard deviation 
(SD), and nonnormally distributed data are expressed as 
median (interquartile range). Student’s unpaired t-test 
and one-way analysis of variance (ANOVA) test were 
used for normally distributed data, while Mann-Whitney 
U test and Kruskal-Wallis test were used for nonnormally 
distributed data. Meanwhile, categorical variables were 
expressed as number (percentage). Comparison of cate-
gorical variables was analysed by chi square test. Pearson 
correlation test and Spearman’s rank correlation test were 
performed to evaluate the correlation between AIP and 
left ventricular (LV) geometric indicators. The associa-
tion between AIP and LVMI was analysed with univari-
ate and multivariate linear regression analysis. Variables 
which could be associated with LVMI and/or showed 
P < 0.1 in univariate analysis such as age, gender, BMI, 
SBP, diabetes mellitus, CAD, cigarette smoking, alcohol 
consumption, antihyperlipidemic medications and AHI 
were included in the multivariate analysis. Clinical, labo-
ratory and OCST parameters that showed significant cor-
relations were not included in the same regression model 
to avoid multicollinearity. The Standardized β coefficient 
for independent association of per 1 SD increase in AIP 
with LVMI were reported. Risk factors of LVH and con-
centric LVH were analysed with univariate and multivari-
ate logistic regression analysis. Variables which could be 
associated with LVH and concentric LVH and/or showed 
P value < 0.1 in univariate analysis such as age, gender, 
BMI, cigarette smoking, alcohol consumption, diabe-
tes mellitus, CAD, hypertension severity, OSA severity 
and antihyperlipidemic medications were included in 
the multivariate analysis. Clinical, laboratory and OCST 
parameters that showed significant correlations were not 
included in the same regression model to avoid multi-
collinearity. The odds ratios (ORs) and 95% confidence 
intervals (CIs) for independent association of per 1 SD 
increase in AIP with LVH and concentric LVH were 
reported. In addition, individuals were stratified into ter-
tiles in accordance with the distribution of AIP to further 
evaluate the association between AIP and the risk of LVH 
and concentric LVH. The goodness-of-fit assumption was 
tested by the Hosmer-Lemeshow method and satisfied if 



Page 4 of 13Sun et al. Lipids in Health and Disease          (2024) 23:185 

P value > 0.05. A two-sided P value < 0.05 was considered 
to indicate statistical significance.

Results
Baseline characteristics
Initially, 684 OSA participants were enrolled, but 66 
participants were excluded from the study because 14 
participants lacked TG or HDL-C data, 20 participants 
lacked complete echocardiographic data, and 32 par-
ticipants met the exclusion criteria, such as overt heart 
failure, valvulopathy, chronic atrial fibrillation, acute cor-
onary syndrome, etc. Finally, a total of 618 patients were 
included in the study (452 males, aged 57.3 ± 12.4 years, 
averaged BMI 28.1 ± 4.2  kg/m2, 85.6% overweight and 
obesity), including 173 patients with LVH (28.0%) and 
445 patients without LVH (72.0%). The distribution of 
AIP was normal, and the mean AIP of the study popula-
tion was 0.20 ± 0.29.

Clinical characteristics of patients by LVH and LV geometric 
patterns
Table  1 shows the clinical characteristics of patients by 
LVH. Patients with LVH were older and more likely to 
be women, had higher SBP, BMI and TG levels, and had 
lower HDL-C levels. Moreover, the prevalence of obesity, 
hypertension, use of ≥ 3 classes of antihypertensive medi-
cations and stage-2 hypertension were higher in patients 
with LVH. With regard to the OCST parameters, AHI 
and TS90 and the prevalence of moderate to severe OSA 
were higher while the mean SpO2 was lower in patients 
with LVH than in those without LVH (Table  1). In par-
ticular, the mean AIP was significantly increased in the 
LVH group (0.19 ± 0.29 vs 0.24 ± 0.28, P = 0.024, Fig. 1A) 
compared with those in the non-LVH group.

Then, the LVH group was further categorized into the 
concentric remodeling, eccentric hypertrophy and con-
centric hypertrophy groups. As shown in Table 2, among 
all 4 groups, patients in the concentric hypertrophy 
group achieved the highest SBP, DBP, BMI and TG and 
the highest percentage of female patients, obesity, hyper-
tension, use of ≥ 3 classes of antihypertensive medica-
tions, stage-2 hypertension and moderate to severe OSA. 
Moreover, compared with those in the control, concen-
tric remodeling and eccentric hypertrophy groups, AIP 
was significantly increased in the concentric hypertrophy 
group (P = 0.021, Fig. 1B).

Clinical characteristics and echocardiography data 
of patients by AIP
AIP was calculated for each patient, and the study 
population was divided into 3 groups: the T1 group 
(AIP < 0.07, n = 206), T2 group (0.07 ≤ AIP index < 0.31, 
n = 204) and T3 group (AIP index ≥ 0.31, n = 208).

As demonstrated in Table  2, compared with patients 
in the T1 and T2 groups, those in the T3 group were 
younger and were more likely to be men and had higher 
DBP, BMI, FBG, TG, TC, and LDL-C levels and lower 
HDL-C levels. Moreover, the prevalence of obesity, 
cigarette smoking, use of ≥ 3 classes of antihyperten-
sive medications and stage-2 hypertension were higher 
in the T3 group than those in the T1 and T2 groups. 
With regard to the echocardiography parameters, a sig-
nificant difference was observed in LVIDd, PWTd, IVSd, 
LVM, LVMI, LVMIh2.7 and RWT, with greater values in 
the T3 group (Table  3). In particular, compared with 
those in the T1 and T2 groups, the mean LVMIh2.7 level 
was significantly increased in the T3 group (42.8 ± 10.5, 
43.2 ± 9.3 and 46.1 ± 12.1 in the T1, T2 and T3 groups, 
respectively, P = 0.003, Table  3). Moreover, the preva-
lence of LVH (25.2%, 24.0% and 34.6% in the T1, T2 and 
T3 groups, respectively, P = 0.032, Fig.  2A) and concen-
tric LVH (10.7%, 9.8% and 20.2% in the T1, T2 and T3 
groups, respectively, P = 0.053, Fig. 2B) were higher in the 
T3 group than those in the T1 and T2 groups.

Associations between AIP and LV geometric indicators
AIP was positively correlated with LV geometric indica-
tors including the LVMIh2.7, LVMI, LVM, LVIDd, PWTd 
and IVSd (P < 0.05, Table 4), according to the correlation 
analysis. Then, linear regression models were constructed 
to study the correlation between AIP and LVMIh2.7. The 
results suggested that AIP was significantly associated 
with LVMIh2.7 both in the unadjusted model (β = 0.132, 
P = 0.001) and in the model fully adjusted for age, sex, 
BMI, SBP, diabetes mellitus, CAD, cigarette smoking, 
alcohol consumption, antihyperlipidemic medications 
and AHI (β = 0.125, P = 0.001).

Associations between AIP and LVH
The correlation between AIP and LVH was assessed by 
logistic regression models (Table  5). Univariate logis-
tic regression analysis revealed that AIP was associated 
with an increased risk of LVH (OR = 1.226 per 1 SD 
increment, 95% CI: 1.026  -  1.465, P = 0.025). In addi-
tion, AIP remained independently associated with an 
elevated risk of LVH (OR = 1.317 per 1 SD increment, 
95% CI: 1.058  -  1.639, P = 0.014) after fully adjusting all 
confounding risk factors, including age, sex, BMI, ciga-
rette smoking, alcohol consumption, diabetes mellitus, 
CAD, hypertension severity, OSA severity and antihyper-
lipidemic medications. Taking AIP as a categorical vari-
able, the incidence of LVH increased significantly in the 
T3 group compared to those in the reference T1 group 
(OR = 1.761, 95% CI: 1.059  -  2.927, P = 0.029, Fig.  3A) 
after fully adjusting for all confounding risk factors.
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Table 1  Baseline characteristics of patients by LVH

Abbreviations: LVH left ventricular hypertrophy, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, CAD coronary artery disease, FBG 
fasting blood glucose, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, AIP atherogenic 
index of plasma, OCST complete out of center sleep test, AHI apnea–hypopnea index, SpO2 oxygen saturation, LSpO2 lowest pulse oxygen saturation, TS90 percentage 
of sleep duration with oxygen saturation (SpO2) < 90%, OSA obstructive sleep apnea, LVIDd diastolic left ventricular inner diameter, PWTd diastolic left ventricular 
posterior wall thickness, IVSd diastolic interventricular septal thickness, LAD left atrium diameter, LVEF left ventricular ejection fraction, LVM left ventricular mass, LVMI 
left ventricular mass index, LVMIh2.7 dividing LVM by height2.7, RWT​ relative wall thickness
* P value < 0.05

Characteristics Non-LVH (n = 445) LVH (n = 173) P value

Clinical parameters

  Age (years) 56.3 ± 12.3 60.0 ± 12.3 0.001*

  Male gender, n (%) 341 (76.6) 111 (64.2) 0.002*

  SBP (mmHg) 141 ± 19 150 ± 22 < 0.001*

  DBP (mmHg) 84 ± 15 87 ± 18 0.136

  Height (cm) 170 ± 8 165 ± 8 < 0.001*

  Weight (kg) 78.9 ± 13.3 82.7 ± 15.3 0.003*

  BMI (kg/m2) 27.3 ± 3.8 30.2 ± 4.4 < 0.001*

  Obesity, n (%) 172 (38.7) 123 (71.1) < 0.001*

  Alcohol consumption, n (%) 109 (24.5) 33 (19.1) 0.151

  Cigarette smoking, n (%) 185 (41.6) 60 (34.7) 0.116

  Hypertension, n(%) 331 (74.4) 160 (92.5) < 0.001*

  Diabetes mellitus, n (%) 131 (29.4) 59 (34.1) 0.259

  CAD, n (%) 198 (44.5) 89 (51.4) 0.120

  Antihyperlipidemic medications, n (%) 105 (23.6) 46 (26.6) 0.437

  ≥ 3 classes of anti-hypertensive medications, n (%) 111 (24.9) 75 (43.4) < 0.001*

Hypertension severity

  Stage-2 hypertension, n (%) 173 (38.9) 92 (53.2) 0.001*

Laboratory parameters

  FBG (mmol/L) 5.64 (5.11 - 6.80) 5.76 (5.20 - 7.20) 0.052

  TG (mmol/L) 1.51 (1.08 - 2.23) 1.74 (1.17 - 2.40) 0.043*

  TC (mmol/L) 4.47 ± 1.12 4.36 ± 1.02 0.275

  HDL-C (mmol/L) 1.06 ± 0.27 1.01 ± 0.21 0.017*

  LDL-C (mmol/L) 2.62 ± 0.82 2.56 ± 0.74 0.373

  AIP 0.19 ± 0.29 0.24 ± 0.28 0.024*

OCST parameters

  AHI (events/h) 17.4 (10.0 - 33.7) 20.4 (11.6 - 36.4) 0.030*

  Mean SpO2 (%) 94 (93 - 95) 93 (92 - 95) < 0.001*

  LSpO2 (%) 80 (74 - 83) 79 (73 - 82) 0.081

  TS90 (%) 23 (7 - 54) 40 (11 - 99) < 0.001*

OSA severity 0.035*

  Mild OSA 193 (43.4) 59 (34.1)

  Moderate to severe OSA 252 (56.6) 114 (65.9)

Echocardiographic parameters

  LVIDd (mm) 47 ± 4 51 ± 4 < 0.001*

  PWTd (mm) 10 (9 - 11) 12 (11 - 13) < 0.001*

  IVSd (mm) 9 (9 - 10) 10 (10 - 11) < 0.001*

  LAD (mm) 36 ± 4 39 ± 6 < 0.001*

  LVEF (%) 65 ± 5 63 ± 6 < 0.001*

  LVM (g) 162.3 ± 29.3 224.7 ± 47.4 < 0.001*

  LVMI (g/m2) 85.5 ± 12.9 118.1 ± 19.7 < 0.001*

  LVMIh2.7 (g/m2.7) 38.8 ± 6.1 57.5 ± 8.5 < 0.001*

  RWT​ 0.40 ± 0.05 0.43 ± 0.06 < 0.001*
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Associations between AIP and concentric LVH
Moreover, AIP remained independently associated 
with an elevated risk of concentric LVH according to 
both univariate (OR = 1.438 per 1 SD increment, 95% 
CI: 1.139  -  1.815, P = 0.002, Table  5) and multivariate 
(OR = 1.545 per 1 SD increment, 95% CI: 1.173  -  2.035, 
P = 0.002, Table  5) models after fully adjusting all con-
founding risk factors, including age, sex, BMI, cigarette 
smoking, alcohol consumption, diabetes mellitus, CAD, 
hypertension severity, OSA severity and antihyperlipi-
demic medications. In addition, the incidence of con-
centric LVH increased significantly in the T3 group 
compared to those in the reference T1 group (OR = 2.442, 
95% CI: 1.276 - 4.672, P = 0.007, Fig. 3B) after fully adjust-
ing for all confounding risk factors.

Discussion
This is the first study to explore the correlation between 
AIP and LV geometric remodeling in OSA patients. The 
results showed that AIP was significantly higher in OSA 
patients with LVH and concentric LVH. In addition, the 
level of LVMIh2.7 and the incidence of LVH and concen-
tric LVH were greater in patients with the highest AIP 
tertile compared with those with the low and middle AIP 
tertiles. AIP increased along with LVMIh2.7. Notably, AIP 
was independently associated with an increased risk of 
LVH and concentric LVH after fully adjusting for all con-
founding risk factors, suggesting that AIP, which is easily 
measured in routine clinical examinations, could be used 
as a promising parameter to supplement and improve 
LVH and concentric LVH detection for OSA patients in 
clinical practice.

Relevant studies have reported a positive correlation 
between OSA and LVH. LVM and LVMI were found to be 
positively and independently correlated with OSA sever-
ity [28, 29]. The present study revealed that in patients 
with OSA, those in LVH group and concentric LVH 
group had higher levels of AHI and higher prevalence of 
moderate to severe OSA, which is largely consistent with 
previously published results. Moreover, a recent meta-
analysis demonstrated that AIP was significantly higher 
in patients with OSA and increased with the severity of 
OSA [30]. Largely in line with those results, the level of 
AHI and the prevalence of moderate to severe OSA in 
the present study was increased gradually from the low-
est AIP tertile group to the highest AIP tertile group, 
although there was no significant statistical difference 
due to the relatively small sample size.

IR is defined as an impaired glucose-lowering response 
to insulin stimulation involving the suppression of 
endogenous glucose production, lipolysis, cellular uptake 
of available plasma glucose, and net glycogen synthesis, 
which in turn stimulates insulin secretion to compensate 
[31]. Insulin directly induces the hypertrophy of cardio-
myocytes by increasing protein synthesis and stimulating 
oxidative stress and inflammation [6, 7, 32]. Moreover, 
hyperinsulinemia stimulates sympathetic nervous sys-
tem activity, which may in turn aggravate myocardial 
hypertrophy [33]. Previous studies have demonstrated 
an independent association between the degree of IR and 
increased LVMI and LV mass to volume ratio [34, 35]. In 
addition, a higher level of serum insulin at baseline and a 
greater increase in insulin during follow-up were found 
to independently predict an increase in LVMI [36]. The 

Fig. 1  Comparisons of AIP between the non-LVH and LVH groups (A) and between different LV geometric patterns (B). AIP, atherogenic index 
of plasma; LVH, left ventricular hypertrophy; LV, left ventricular
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Table 2  Baseline characteristics of patients by LV geometric pattern

Abbreviations: LV left ventricular, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, CAD coronary artery disease, FBG fasting blood 
glucose, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, OCST complete out of center sleep 
test, AHI apnea–hypopnea index, SpO2 oxygen saturation, LSpO2 lowest pulse oxygen saturation, TS90 percentage of sleep duration with oxygen saturation < 90%, 
OSA obstructive sleep apnea, LVIDd diastolic left ventricular inner diameter, PWTd diastolic left ventricular posterior wall thickness, IVSd diastolic interventricular septal 
thickness, LAD left atrium diameter, LVEF left ventricular ejection fraction, LVM left ventricular mass, LVMI left ventricular mass index, LVMIh2.7 dividing LVM by height2.7, 
RWT​ relative wall thickness
* P value < 0.05
†  vs. Normal, P value < 0.05
#  vs. Concentric remodeling, P value < 0.05
§  vs. Eccentric hypertrophy, P value < 0.05

Normal Concentric remodeling Eccentric hypertrophy Concentric hypertrophy P value

Characteristics (n = 307) (n = 138) (n = 89) (n = 84)

Clinical parameters

  Age (years) 56.4 ± 12.6 56.1 ± 11.5 60.9 ± 11.3†# 59.0 ± 13.3 0.007*

  Male gender, n (%) 233 (75.9) 108 (78.3) 63 (70.8) 48 (57.1) 0.003*

  SBP (mmHg) 140 ± 19 143 ± 20 146 ± 21† 154 ± 22†#§ < 0.001*

  DBP (mmHg) 84 ± 15 86 ± 15 84 ± 18 89 ± 17 0.022*

  Height (cm) 170 ± 8 170 ± 7 166 ± 7†# 164 ± 9†#§ < 0.001*

  Weight (kg) 78.9 ± 13.6 78.9 ± 12.6 82.7 ± 14.3†# 82.7 ± 16.3†# 0.029*

  BMI (kg/m2) 27.3 ± 3.8 27.3 ± 3.9 29.8 ± 4.3†# 30.6 ± 4.5†# < 0.001*

  Obesity, n (%) 117 (38.1) 55 (39.9) 61 (68.5) 62 (73.8) < 0.001*

  Alcohol consumption, n (%) 73 (23.8) 36 (26.1) 20 (22.5) 13 (15.5) 0.314

  Cigarette smoking, n (%) 119 (38.8) 66 (47.8) 32 (36.0) 28 (33.3) 0.118

  Hypertension, n(%) 219 (71.3) 112 (81.2) 78 (87.6) 82 (97.6) < 0.001*

  Diabetes mellitus, n (%) 83 (27.0) 48 (34.8) 31 (34.8) 28 (33.3) 0.261

  CAD, n (%) 133 (43.3) 65 (47.1) 52 (58.4) 37 (44) 0.087

  Antihyperlipidemic medications, n (%) 76 (24.8) 29 (21.0) 25 (28.1) 21 (25.0) 0.671

   ≥ 3 classes of anti-hypertensive medications, 
n (%)

66 (21.5) 45 (32.6) 27 (30.3) 48 (57.1) < 0.001*

Hypertension severity

  Stage-2 hypertension, n (%) 104 (33.9) 69 (50.0) 37 (41.6) 55 (65.5) < 0.001*

Laboratory parameters

  FBG (mmol/L) 5.57 (5.04 - 6.63) 5.82 (5.17 - 6.96) 5.79 (5.22 - 6.77) 5.75 (5.20 - 7.50) 0.033*

  TG (mmol/L) 1.52 (1.08 - 2.18) 1.48 (1.08 - 2.30) 1.56 (1.09 - 2.12) 1.89 (1.28 - 2.61)† 0.030*

  TC (mmol/L) 4.45 ± 1.09 4.52 ± 1.19 4.22 ± 1.00 4.51 ± 1.03 0.203

  HDL-C (mmol/L) 1.06 ± 0.28 1.05 ± 0.23 1.03 ± 0.21 0.99 ± 0.21 0.126

  LDL-C (mmol/L) 2.60 ± 0.83 2.66 ± 0.80 2.46 ± 0.73 2.66 ± 0.73 0.278

  AIP 0.18 ± 0.29 0.19 ± 0.30 0.20 ± 0.26 0.29 ± 0.29†#§ 0.021*

OCST parameters

  AHI (events/h) 16.0 (9.4 - 30.9) 21.9 (11.3 - 38.9)† 20.9 (10.4 - 35.4) 20.4 (11.8 - 38.4) 0.007*

  Mean SpO2 (%) 94 (93 - 95) 94 (93 - 95) 92 (93 - 95)†# 92 (93 - 95) 0.003*

  LSpO2 (%) 80 (75 - 83) 79 (73 - 83) 79 (72 - 82) 79 (73 - 82) 0.324

  TS90 (%) 23 (7 - 55) 25 (7 - 51) 40 (13 - 112)†# 38 (11 - 98) 0.002*

OSA severity 0.025*

  Mild OSA 143 (46.6) 50 (36.2) 33 (37.1) 26 (31.0)

  Moderate to severe OSA 164 (53.4) 88 (63.8) 56 (62.9) 58 (69.0)

Echocardiographic parameters

  LVIDd (mm) 48 ± 3 44 ± 3† 53 ± 4†# 48 ± 4#§ < 0.001*

  PWTd (mm) 9 (9 - 10) 10 (10 - 11)† 10 (10 - 11)† 11 (10 - 12)†#§ 0.001*

  IVSTd (mm) 10 (9 - 11) 11 (10 - 12)† 11 (10 - 13)†# 12 (12 - 14)†#§ < 0.001*

  LAD (mm) 36 ± 3 36 ± 4 39 ± 4†# 40 ± 8†# < 0.001*

  LVEF (%) 65 ± 5 66 ± 5 61 ± 7†# 65 ± 6§  < 0.001*

  LVM (g) 161.7 ± 29.6 163.8 ± 28.5 224.5 ± 43.1†# 224.9 ± 51.9†# < 0.001*

  LVMI (g/m2) 85.0 ± 12.6 86.4 ± 13.4 117.5 ± 19.0†# 118.7 ± 20.5†# < 0.001*

  LVMIh2.7 (g/m2.7) 38.6 ± 6.1 39.2 ± 6.0 56.4 ± 7.8†# 58.7 ± 9.1†# < 0.001*

  RWT​ 0.38 ± 0.03 0.46 ± 0.04† 0.38 ± 0.03# 0.48 ± 0.05†§ < 0.001*
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Table 3  Clinical characteristics and echocardiography data of patients by AIP

T1 (AIP < 0.07) T2 (0.07 ≤ AIP < 0.31) T3 (AIP ≥ 0.31) P value

Characteristics (n = 206) (n = 204) (n = 208)

Clinical parameters

  Age (years) 61.8 ± 11.3 57.0 ± 11.8† 53.2 ± 12.5†# < 0.001*

  Male gender, n (%) 138 (67.0) 149 (73.0) 165 (79.3) 0.018*

  SBP (mmHg) 141 ± 20 144 ± 22 145 ± 20 0.053

  DBP (mmHg) 81 ± 14 86 ± 17 88 ± 16† < 0.001*

  Height (cm) 167 ± 8 169 ± 8† 169 ± 9† 0.018*

  Weight (kg) 75.5 ± 12.6 80.8 ± 13.3† 83.6 ± 14.7†# < 0.001*

  BMI (kg/m2) 27.0 ± 4.2 28.3 ± 4.1† 29.0 ± 4.0† < 0.001*

  Obesity, n (%) 79 (38.3) 99 (48.5) 117 (56.3) 0.001*

  Alcohol consumption, n (%) 40 (19.4) 48 (23.5) 54 (26.0) 0.278

  Cigarette smoking, n (%) 63 (30.6) 83 (40.7) 99 (47.6) 0.002*

  Hypertension, n(%) 155 (75.2) 161 (78.9) 175 (84.1) 0.079

  Diabetes mellitus, n (%) 51 (24.8) 71 (34.8) 68 (32.7) 0.067

  CAD, n (%) 99 (48.1) 96 (47.1) 92 (44.2) 0.720

  Antihyperlipidemic medications, n (%) 59 (28.6) 51 (25.0) 41 (19.7) 0.104

    ≥ 3 classes of anti-hypertensive medications, n (%) 51 (24.8) 56 (27.5) 79 (38.0) 0.008*

Hypertension severity

  Stage-2 hypertension, n (%) 72 (35.0) 86 (42.2) 107 (51.4) 0.003*

Laboratory parameters

  FBG (mmol/L) 5.41 (4.92 - 6.20) 5.76 (5.21 - 7.28)† 5.91 (5.20 - 7.30)† < 0.001*

  TG (mmol/L) 0.94 (0.74 - 1.20) 1.53 (1.31 - 1.78)† 2.78 (2.18 - 3.63)†# < 0.001*

  TC (mmol/L) 4.21 ± 1.08 4.48 ± 1.11† 4.62 ± 1.06† 0.001*

  HDL-C (mmol/L) 1.22 ± 0.26 1.02 ± 0.19† 0.89 ± 0.18†# < 0.001*

  LDL-C (mmol/L) 2.40 ± 0.81 2.69 ± 0.83† 2.72 ± 0.71† < 0.001*

  AIP -0.10 ± 0.14 0.19 ± 0.07† 0.52 ± 0.16†# < 0.001*

OCST parameters

  AHI (events/h) 16.7 (10.2 - 30.5) 18.9 (10.2 - 37.2) 19.6 (10.8 - 37.9) 0.210

  Mean SpO2 (%) 94 (93 - 95) 94 (93 - 95) 94 (93 - 95) 0.253

  LSpO2 (%) 80 (74 - 83) 79 (74 - 83) 79 (73 - 82) 0.287

  TS90 (%) 21 (7 - 51) 26 (8 - 72) 31 (8 - 68) 0.162

  OSA severity 0.385

  Mild OSA 91 (44.2) 83 (40.7) 78 (37.5)

  Moderate to severe OSA 115 (55.8) 121 (59.3) 130 (62.5)

Echocardiographic parameters

  LVIDd (mm) 47 ± 4 48 ± 4 48 ± 4† 0.026*

  PWTd (mm) 10 (9 - 10) 10 (9 - 10) 10 (9 - 11)†# 0.001*

  IVSTd (mm) 10 (9 - 11) 10 (10 - 11) 11 (10 - 12)†# < 0.001*

  LAD (mm) 37 ± 4 37 ± 6 37 ± 4 0.620

  LVEF (%) 65 ± 6 64 ± 5 64 ± 6 0.167

  LVM (g) 170.4 ± 40.2 177.6 ± 39.0 191.2 ± 52.3†# < 0.001*

  LVMI (g/m2) 92.4 ± 19.4 93.1 ± 19.1 98.2 ± 23.8†# 0.009*

  LVMIh2.7 (g/m2.7) 42.8 ± 10.5 43.2 ± 9.3 46.1 ± 12.1†# 0.003*

  RWT​ 0.41 ± 0.05 0.40 ± 0.05 0.42 ± 0.06†# 0.037*

  LVH (%) 52 (25.2) 49 (24.0) 72 (34.6) 0.032*

LV geometric pattern 0.053

  Normal 109 (52.9) 105 (51.5) 93 (44.7)

  Concentric remodeling 45 (21.8) 50 (24.5) 43 (20.7)

  Eccentric hypertrophy 30 (14.6) 29 (14.2) 30 (14.4)

  Concentric hypertrophy 22 (10.7) 20 (9.8) 42 (20.2)

Abbreviations: AIP atherogenic index of plasma, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, CAD coronary artery disease, FBG 
fasting blood glucose, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, OCST complete out 
of center sleep test, AHI apnea–hypopnea index, SpO2 oxygen saturation, LSpO2 lowest pulse oxygen saturation, TS90 the percentage of sleep duration with oxygen 
saturation < 90%, OSA obstructive sleep apnea, LVIDd diastolic left ventricular inner diameter, PWTd diastolic left ventricular posterior wall thickness, IVSd diastolic 
interventricular septal thickness, LAD left atrium diameter, LVEF left ventricular ejection fraction, LVM left ventricular mass, LVMI left ventricular mass index, LVMIh2.7 
dividing LVM by height2.7, RWT​ relative wall thickness, LVH left ventricular hypertrophy, LV left ventricular
* P value < 0.05
†  vs. T1, P value < 0.05
#  vs. T2, P value < 0.05
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present study revealed that in the setting of OSA, patients 
with LVH and concentric LVH were more likely to have 
adverse cardiometabolic risk factors related to IR, such as 
older age, higher SBP, BMI and TG levels, and a greater 
incidence of obesity and stage-2 hypertension. Given 
that IR is an important mechanism of LVH and that OSA 
has been demonstrated to be a risk factor for IR [37–40], 
these results further emphasized that IR might be one of 
the underlying mechanisms of LVH in OSA patients.

In recent years, easily measured and cost-effective 
surrogate indicators of IR, such as triglyceride and glu-
cose (TyG) index and AIP, have received widespread 
attention in the field of cardiometabolic multimorbid-
ity detection and management [41]. Studies have shown 
that TyG index and AIP were independently associated 

with IR-related metabolic diseases, such as CAD, meta-
bolic syndrome and hypertension [11]. In addition, AIP 
was demonstrated to be more strongly associated with 
metabolic syndrome than TyG index in Spanish ado-
lescents [42]. In the presence of IR, TG levels are often 
increased, while HDL-C levels are often decreased [43, 
44]. Therefore, AIP, determined as log10 (TG/ HDL-C), 
was supposed to have good correlation with IR. A large 
cross-sectional study involving 9,245 US adults showed 
that AIP was positively associated with homeostasis 
model assessment of IR (HOMA-IR), the gold stand-
ard method to measure IR, after adjusting for potential 
confounding variables both in patients with and without 
diabetes [8]. Although the correlation of AIP with IR has 
not been evaluated in the current study, the results that 
patients with high AIP values had important anthropo-
metric features of IR, such as higher DBP and BMI and a 
greater incidence of obesity, smoking and stage-2 hyper-
tension, further indicated the good correlation of AIP 
with IR-related metabolic diseases.

Few studies have explored the relationship between 
AIP and LV geometric remodeling. In childhood, a high 
TG/HDL-C ratio was found to be associated with an 
increased concentric LVH risk, especially in obese chil-
dren. In an outpatient population of white children and 
adolescents in Italy, Procolo and his colleagues first dem-
onstrated that LVMI increased across tertiles of the TG/
HDL-C ratio, and children with a high TG/HDL-C ratio 
(> 2.0) showed a 2.62-fold greater risk of concentric LVH 
[17]. Similar results were found three years later by the 
authors in a larger population of 5055 overweight and 
obese children [18]. In another two recent cross-sectional 
studies conducted in Serbia and Turkey, a positive asso-
ciation between TG/HDL-C ratio and LVMI was found 
in obese children [19, 20]. In adults, AIP was found to 
positively correlate with LVMI in morbid obesity adults 

Fig. 2  Comparisons of the percentages of patients with LVH (A) and concentric LVH (B) according to tertiles of AIP. LVH, left ventricular hypertrophy; 
AIP, atherogenic index of plasma; T1, AIP < 0.07; T2, 0.07 ≤ AIP < 0.31; T3, AIP ≥ 0.31

Table 4  Correlations between AIP and LV geometric indicators

Abbreviations: LV left ventricular, AIP atherogenic index of plasma, LVIDd 
diastolic left ventricular inner diameter, PWTd diastolic left ventricular posterior 
wall thickness, IVSd diastolic interventricular septal thickness, LAD left atrium 
diameter, LVEF left ventricular ejection fraction, LVM left ventricular mass, LVMI 
left ventricular mass index, LVMIh2.7 dividing LVM by height2.7, RWT​ relative wall 
thickness
* P value < 0.05

Variables AIP

r P value

LVIDd (mm) 0.128 0.001*

PWTd (mm) 0.168 < 0.001*

IVSTd (mm) 0.177 < 0.001*

LAD (mm) 0.052 0.195

LVEF (%) -0.069 0.089

LVM (g) 0.221 < 0.001*

LVMI (g/m2) 0.132 0.001*

LVMIh2.7 (g/m2.7) 0.132 0.001*

RWT​ 0.079 0.051
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without underlying cardiac diseases [45]. However, the 
positive association was not statistically significant when 
adjusted for confounding factors. Interestingly, Haoyu 
Wang et al. analysed a large population of 10,756 partici-
pants of rural China and reported that TG/HDL-C ratio 
was positively and independently correlated with both 
LVMI and increased concentric LVH risk according to 
the multivariable adjusted regression models [21].

Extending those prior studies, the present study fur-
ther explored the association between AIP and LV geo-
metric remodeling in adult OSA patients and found that 
AIP was positively correlated with LV geometric indica-
tors, including LVIDd, PWTd, IVSd, LVM and LVMI. The 
positive association between AIP and LVMI was still sig-
nificant according to multivariable adjusted linear regres-
sion models, which was in line with the findings of Haoyu 
Wang et al. in the general population [21]. Furthermore, 
AIP was strongly related to the prevalence of LVH and 
concentric LVH beyond traditional risk factors, includ-
ing age, BMI and hypertension severity. Combined with 
the results of previous studies in children and general 
population, the current findings in OSA patients further 
demonstrated the close correlation of AIP with LVH risk, 
suggesting that AIP might be used as an available marker 
to monitor hypertrophic remodeling of the heart and 
improve CVDs risk stratification in the clinical manage-
ment of OSA. However, considering the relatively small 
sample size of this study, studies with larger populations 

are required to identify an accurate reference value of 
AIP for clinical guidance.

The present study revealed an independent association 
of high AIP with increased LVH and concentric LVH risk 
in OSA patients but did not provide a direct mechanism 
to explain these results. However, some data from the 
literature may be helpful. First, HDL-C has been proven 
to exert direct inhibitory effects on myocardial hyper-
trophy, including inhibiting cardiomyocyte hypertrophy 
in  vitro and cardiac hypertrophy in  vivo, exerting pro-
survival effects on endothelium, and directly inhibiting 
cardiac fibrosis [46]. Second, although TG stored within 
lipid droplets has no direct toxic effect on the myocar-
dium, a recent study in spontaneously hypertensive rats 
(SHRs) showed that the progression of LVH and heart 
dysfunction in SHRs was associated with TG accumula-
tion, which was related to an increase in the expression 
of genes involved in TG synthesis and a decrease in the 
rate of lipolysis and β-oxidation of fatty acids in cardio-
myocytes [47]. Collectively, in consideration of the pro-
hypertrophic property of TG and the antihypertrophic 
property of HDL-C, AIP may have a prohypertrophic 
impact on the myocardium. The present finding of an 
independent association of high AIP with increased risk 
of LVH and concentric LVH supports the hypothesis that 
in patients with OSA, IR-related dyslipidemia is one of 
the underlying pathophysiologic bases of cardiac hyper-
trophic remodeling.

Table 5  Univariate and multivariate logistic regression analyses for analysing the association between AIP and the risk of LVH and 
concentric LVH

Abbreviations: AIP atherogenic index of plasma, LVH left ventricular hypertrophy, OR odds ratio, CI confidence interval, SD standard deviation
* Hosmer-Lemeshow test’s Chi-square value = 10.093, P value = 0.259
† Hosmer-Lemeshow test’s Chi-square value = 6.129, P value = 0.633
# Hosmer-Lemeshow test’s Chi-square value = 12.522, P value = 0.129
§ Hosmer-Lemeshow test’s Chi-square value = 14.831, P value = 0.063

Variables Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

LVH

  AIP (Per 1 SD increase) 1.226 (1.026 - 1.465) 0.025 1.317 (1.058 - 1.639) 0.014*

  Tertiles of AIP 0.033 0.019†

    T1 (< 0.07) 1.000 (reference) 1.000 (reference)

    T2 (0.07 - 0.30) 0.936 (0.597 - 1.467) 0.774 0.932 (0.560 - 1.552) 0.786

    T3 (≥ 0.31) 1.568 (1.025 - 2.398) 0.038 1.761 (1.059 - 2.927) 0.029

Concentric LVH

  AIP (Per 1 SD increase) 1.438 (1.139 - 1.815) 0.002 1.545 (1.173 - 2.035) 0.002#

  Tertiles of AIP 0.004 0.003§

    T1 (< 0.07) 1.000 (reference) 1.000 (reference)

    T2 (0.07 - 0.30) 0.909 (0.480 - 1.723) 0.770 0.977 (0.482 - 1.981) 0.948

    T3 (≥ 0.31) 2.116 (1.213 - 3.693) 0.008 2.442 (1.276 - 4.672) 0.007
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Strengths and limitations
The strength of the current study lies in the fact that it is 
the first study to explore the association between AIP and 
LV geometric abnormalities in OSA patients. The results 
demonstrated a close and positive relationship between 
AIP and LV geometric indicators and an independent and 
positive relationship between increased AIP and elevated 
risk of LVH and concentric LVH in OSA patients.

Meanwhile, some limitations can be envisaged. First, 
the retrospective cross-sectional nature of this single 
center study precludes us from establishing a definite 
causal relationship between AIP and LVH. However, 
the present findings highlight the importance of AIP in 
OSA patients at risk of LVH and concentric LVH. Sec-
ond, the sample size of this study was relatively small, 
and all of the participants were of Chinese ethnicity, 
which means that the findings may not be generalizable 

to other ethnic groups. Third, the gold standard IR 
parameters, such as HOMA-IR, were not analysed in 
this study due to a lack of data. However, a close rela-
tionship between AIP and HOMA-IR has been demon-
strated in previous studies.

Conclusion
In OSA patients, AIP increased along with LVMI and 
was independently associated with an increased risk 
of LVH and concentric LVH regardless of age, BMI or 
hypertension severity. As LVH and concentric LVH are 
independent risk factors for cardiovascular events, AIP, 
a practical and cost-effective test, could be included in 
the routine examination of OSA patients, so as to help 
identify the high-risk population of LVH and concen-
tric LVH and reduce consequent cardiovascular mor-
bidities in the clinical management of OSA.

Fig. 3  Forest plots of the risk of LVH (A) and concentric LVH (B) according to tertiles of AIP by the fully adjusted logistic regression model. LVH, 
left ventricular hypertrophy; AIP, atherogenic index of plasma; BMI, body mass index; OSA, obstructive sleep apnea; OR, odds ratio; CI, confidence 
interval; T1, AIP < 0.07; T2, 0.07 ≤ AIP < 0.31; T3, AIP ≥ 0.31
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Abbreviations
OSA	� Obstructive sleep apnea
LVH	� Left ventricular hypertrophy
CVDs	� Cardiovascular diseases
IR	� Insulin resistance
AIP	� Atherogenic index of plasma
TG	� Triglyceride
HDL-C	� High-density lipoprotein cholesterol
CAD	� Coronary artery disease
LVMI	� Left ventricular mass index
AHI	� Apnea-hypopnea index
OCST	� Complete out of center sleep test
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
BMI	� Body mass index
BP	� Blood pressure
FBG	� Fasting blood glucose
TC	� Total cholesterol
LDL-C	� Low-density lipoprotein cholesterol
TS90	� The percentage of sleep duration with oxygen saturation < 90%
LSpO2	� Lowest pulse oxygen saturation
SpO2	� Oxygen saturation
LAD	� Left atrium diameter
LVIDd	� Diastolic left ventricular inner diameter
PWTd	� Diastolic left ventricular posterior wall thickness
IVSTd	� Diastolic interventricular septal thickness
LVEF	� Left ventricular ejection fraction
LVM	� Left ventricular mass
BSA	� Body surface area
RWT​	� Relative wall thickness
SD	� Standard deviation
ANOVA	� One-way analysis of variance
LV	� Left ventricular
OR	� Odds ratio
CI	� Confidence interval
TyG	� Triglyceride and glucose
HOMA-IR	� Homeostasis model assessment of IR
SHRs	� Spontaneously hypertensive rats

Acknowledgements
The authors thank all the participants for their contribution to this study.

Authors’ contributions
MS conceived the study and drafted the manuscript. CL, ZC, MW, SF, QT, TT, YY 
and EZ performed the research and data collection. MS and ZC were respon-
sible for the statistical analysis. MS, CL and HL participated in manuscript 
revision. QT supervised the study. All authors participated in the interpretation 
of the findings and approved the final version of the manuscript.

Funding
This work was supported by the Peking University Shougang Hospital Scien-
tific Research and Development Funds (SGYYZ202102), the Natural Science 
Foundation of Hebei Province (H2022206176) and the Hebei Province Finance 
Department Project (ZF2024137).

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study complied with the principles outlined in the Declaration of Hel-
sinki and was approved by the local ethics committee of Peking University 
Shougang Hospital (IRBK-2023-017-01). Due to the retrospective design of the 
study, written consent from the patients was waived.

Consent for publication
No individual patient data were included in this study.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Cardiology, Peking University Shougang Hospital, Bei-
jing, China. 2 Heart Center, The First Hospital of Hebei Medical University, 
Shijiazhuang, Hebei, China. 3 Department of Respiratory, Peking University 
Shougang Hospital, Beijing, China. 

Received: 26 March 2024   Accepted: 29 May 2024

References
	1.	 Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep 

apnea: a population health perspective. Am J Respir Crit Care Med. 
2002;165(9):1217–39.

	2.	 Bradley TD, Floras JS. Obstructive sleep apnoea and its cardiovascular 
consequences. Lancet. 2009;373(9657):82–93.

	3.	 Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic impli-
cations of echocardiographically determined left ventricular mass in the 
Framingham Heart Study. N Engl J Med. 1990;322(22):1561–6.

	4.	 Koren MJ, Devereux RB, Casale PN, Savage DD, Laragh JH. Relation of left 
ventricular mass and geometry to morbidity and mortality in uncompli-
cated essential hypertension. Ann Intern Med. 1991;114(5):345–52.

	5.	 Punjabi NM, Shahar E, Redline S, Gottlieb DJ, Givelber R, Resnick HE. 
Sleep-disordered breathing, glucose intolerance, and insulin resistance: 
the Sleep Heart Health Study. Am J Epidemiol. 2004;160(6):521–30.

	6.	 Witteles RM, Fowler MB. Insulin-resistant cardiomyopathy clinical 
evidence, mechanisms, and treatment options. J Am Coll Cardiol. 
2008;51(2):93–102.

	7.	 Mellor KM, Ritchie RH, Delbridge LM. Reactive oxygen species and insulin-
resistant cardiomyopathy. Clin Exp Pharmacol Physiol. 2010;37(2):222–8.

	8.	 Yin B, Wu Z, Xia Y, Xiao S, Chen L, Li Y. Non-linear association of athero-
genic index of plasma with insulin resistance and type 2 diabetes: a 
cross-sectional study. Cardiovasc Diabetol. 2023;22(1):157.

	9.	 Fernández-Macías JC, Ochoa-Martínez AC, Varela-Silva JA, Pérez-Mal-
donado IN. Atherogenic index of plasma: novel predictive biomarker for 
cardiovascular illnesses. Arch Med Res. 2019;50(5):285–94.

	10.	 Dobiásová M, Frohlich J. The plasma parameter log (TG/HDL-C) as an ath-
erogenic index: correlation with lipoprotein particle size and esterifica-
tion rate in apoB-lipoprotein-depleted plasma (FER(HDL)). Clin Biochem. 
2001;34(7):583–8.

	11.	 Mahdavi-Roshan M, Mozafarihashjin M, Shoaibinobarian N, Ghorbani Z, 
Salari A, Savarrakhsh A, et al. Evaluating the use of novel atherogenicity 
indices and insulin resistance surrogate markers in predicting the risk of 
coronary artery disease: a case-control investigation with comparison to 
traditional biomarkers. Lipids Health Dis. 2022;21(1):126.

	12.	 Zhu Y, Chen M, Liu K, Gao A, Kong X, Liu Y, et al. Atherogenic index of 
plasma and the risk of in-stent restenosis in patients with acute coronary 
syndrome beyond the traditional risk factors. J Atheroscler Thromb. 
2022;29(8):1226–35.

	13.	 Tan M, Zhang Y, Jin L, Wang Y, Cui W, Nasifu L, et al. Association between 
atherogenic index of plasma and prehypertension or hypertension 
among normoglycemia subjects in a Japan population: a cross-sectional 
study. Lipids Health Dis. 2023;22(1):87.

	14.	 Uzunget SB, Sahin KE. Atherogenic index of plasma is an independ-
ent predictor of mitral annular calcification. BMC Cardiovasc Disord. 
2022;22(1):511.

	15.	 Won KB, Han D, Lee JH, Choi SY, Chun EJ, Park SH, et al. Atherogenic index 
of plasma and coronary artery calcification progression beyond tradi-
tional risk factors according to baseline coronary artery calcium score. Sci 
Rep. 2020;10(1):21324.

	16.	 Guzel T, Bilik MZ, Arslan B, Kilic R, Aktan A. The effect of atherogenic 
plasma index on collateral development in patients with chronic coro-
nary total occlusion. Exp Biomed Res. 2021;4(4):291–301.

	17.	 Di Bonito P, Moio N, Scilla C, Cavuto L, Sibilio G, Sanguigno E, et al. 
Usefulness of the high triglyceride-to-HDL cholesterol ratio to identify 
cardiometabolic risk factors and preclinical signs of organ damage in 
outpatient children. Diabetes Care. 2012;35(1):158–62.



Page 13 of 13Sun et al. Lipids in Health and Disease          (2024) 23:185 	

	18.	 Di Bonito P, Valerio G, Grugni G, Licenziati MR, Maffeis C, Manco M, et al. 
Comparison of non-HDL-cholesterol versus triglycerides-to-HDL-choles-
terol ratio in relation to cardiometabolic risk factors and preclinical organ 
damage in overweight/obese children: the CARITALY study. Nutr Metab 
Cardiovasc Dis. 2015;25(5):489–94.

	19.	 Bjelakovic B, Stefanutti C, Vukovic V, Kavaric N, Saranac L, Klisic A, et al. 
Lipid profile and left ventricular geometry pattern in obese children. 
Lipids Health Dis. 2020;19(1):109.

	20.	 Özden G, Kibar Gül AE, Mengen E, Ucaktürk A, Gürsu HA, Çetin İ, et al. 
Investigation of the prevalence of cardiovascular risk factors in obese 
patients diagnosed with metabolic syndrome in childhood and examina-
tion of left ventricular function by echocardiography. J Pediatr Endocrinol 
Metab. 2021;34(7):885–96.

	21.	 Wang H, Li Z, Guo X, Chen Y, Chang Y, Chen S, et al. The impact of 
nontraditional lipid profiles on left ventricular geometric abnormalities in 
general Chinese population. BMC Cardiovasc Disord. 2018;18(1):88.

	22.	 Chinese Medical Association, Chinese Medical Journals Publishing House, 
Chinese Society of General Practice, Editorial Board of Chinese Journal 
of General Practitioners of Chinese Medical Association, Expert Group 
of Guidelines for Primary Care of Endocrine System Disease. Guideline 
for primary care of obesity: practice version (2019). Chin J Gen Pract. 
2020;19(2):95–101.

	23.	 Muela HC, Costa-Hong VA, Yassuda MS, Moraes NC, Memória CM, 
Machado MF, et al. Hypertension severity is associated with impaired 
cognitive performance. J Am Heart Assoc. 2017;6(1):e004579.

	24.	 Muela HCS, Costa-Hong VA, Yassuda MS, Machado MF, Nogueira RC, 
Moraes NC, et al. Impact of hypertension severity on arterial stiffness, cer-
ebral vasoreactivity, and cognitive performance. Dement Neuropsychol. 
2017;11(4):389–97.

	25.	 Sun M, Liang C, Lin H, Meng Y, Tang Q, Shi X, et al. Monocyte to HDL 
cholesterol ratio as a marker of the presence and severity of obstructive 
sleep apnea in hypertensive patients. Sci Rep. 2021;11(1):15821.

	26.	 The Report of an American Academy of Sleep Medicine Task Force. Sleep-
related breathing disorders in adults: recommendations for syndrome 
definition and measurement techniques in clinical research. Sleep. 
1999;22(5):667–89.

	27.	 Marwick TH, Gillebert TC, Aurigemma G, Chirinos J, Derumeaux G, 
Galderisi M, et al. Recommendations on the use of echocardiography in 
adult hypertension: a report from the European Association of Cardio-
vascular Imaging (EACVI) and the American Society of Echocardiography 
(ASE)†. Eur Heart J Cardiovasc Imaging. 2015;16(6):577–605.

	28.	 Deng M, Huang YT, Xu JQ, Ke X, Dong YF, Cheng XS. Association 
between intermittent hypoxia and left ventricular remodeling in patients 
with obstructive sleep apnea-hypopnea syndrome. Front Physiol. 
2020;11:608347.

	29.	 Huang Z, Wang L, Liu Y, Huang K, Xu Y, Chen P, et al. Impact of obstructive 
sleep apnea on left ventricular mass index in men with coronary artery 
disease. J Clin Sleep Med. 2020;16(10):1675–82.

	30.	 Behnoush AH, Bahiraie P, ShokriVarniab Z, Foroutani L, Khalaji A. Com-
posite lipid indices in patients with obstructive sleep apnea: a systematic 
review and meta-analysis. Lipids Health Dis. 2023;22(1):84.

	31.	 Petersen MC, Shulman GI. Mechanisms of insulin action and insulin resist-
ance. Physiol Rev. 2018;98(4):2133–223.

	32.	 Ito H, Hiroe M, Hirata Y, Tsujino M, Adachi S, Shichiri M, et al. Insulin-
like growth factor-I induces hypertrophy with enhanced expression 
of muscle specific genes in cultured rat cardiomyocytes. Circulation. 
1993;87(5):1715–21.

	33.	 Reaven GM, Lithell H, Landsberg L. Hypertension and associated meta-
bolic abnormalities–the role of insulin resistance and the sympathoadre-
nal system. N Engl J Med. 1996;334(6):374–81.

	34.	 Velagaleti RS, Gona P, Chuang ML, Salton CJ, Fox CS, Blease SJ, et al. Rela-
tions of insulin resistance and glycemic abnormalities to cardiovascular 
magnetic resonance measures of cardiac structure and function: the 
Framingham Heart Study. Circ Cardiovasc Imaging. 2010;3(3):257–63.

	35.	 Shah RV, Abbasi SA, Heydari B, Rickers C, Jacobs DR Jr, Wang L, et al. 
Insulin resistance, subclinical left ventricular remodeling, and the obesity 
paradox: MESA (Multi-Ethnic Study of Atherosclerosis). J Am Coll Cardiol. 
2013;61(16):1698–706.

	36.	 Cauwenberghs N, Knez J, Thijs L, Haddad F, Vanassche T, Yang WY, et al. 
Relation of insulin resistance to longitudinal changes in left ventricular 

structure and function in a general population. J Am Heart Assoc. 
2018;7(7):e008315.

	37.	 Lind L, Andersson PE, Andrén B, Hänni A, Lithell HO. Left ventricular 
hypertrophy in hypertension is associated with the insulin resistance 
metabolic syndrome. J Hypertens. 1995;13(4):433–8.

	38.	 Watanabe K, Sekiya M, Tsuruoka T, Funada J, Kameoka H. Effect of insulin 
resistance on left ventricular hypertrophy and dysfunction in essential 
hypertension. J Hypertens. 1999;17(8):1153–60.

	39.	 Morgenstern M, Wang J, Beatty N, Batemarco T, Sica AL, Greenberg H. 
Obstructive sleep apnea: an unexpected cause of insulin resistance and 
diabetes. Endocrinol Metab Clin North Am. 2014;43(1):187–204.

	40.	 Michalek-Zrabkowska M, Macek P, Martynowicz H, Gac P, Mazur G, Grzeda 
M, et al. Obstructive sleep apnea as a risk factor of insulin resistance in 
nondiabetic adults. Life (Basel). 2021;11(1):50.

	41.	 Xiao D, Sun H, Chen L, Li X, Huo H, Zhou G, et al. Assessment of six surro-
gate insulin resistance indexes for predicting cardiometabolic multimor-
bidity incidence in Chinese middle-aged and older populations: insights 
from the China health and retirement longitudinal study. Diabetes Metab 
Res Rev. 2024;40(1):e3764.

	42.	 Fernández-Aparicio Á, Perona JS, Schmidt-RioValle J, Padez C, González-
Jiménez E. Assessment of different atherogenic indices as predic-
tors of metabolic syndrome in Spanish adolescents. Biol Res Nurs. 
2022;24(2):163–71.

	43.	 Boden G. Obesity, insulin resistance and free fatty acids. Curr Opin Endo-
crinol Diabetes Obes. 2011;18(2):139–43.

	44.	 Hoofnagle AN, Vaisar T, Mitra P, Chait A. HDL lipids and insulin resistance. 
Curr Diab Rep. 2010;10(1):78–86.

	45.	 Ybarra J, Pou JM, Planas F, Ballesta-López C, Echevarne F, Romeo JH, et al. 
Correlation between insulin resistance surrogates and echocardiographic 
findings in asymptomatic patients with morbid obesity: a cross-sectional 
study. Endocr Pract. 2007;13(6):590–600.

	46.	 De Geest B, Mishra M. Role of high-density lipoproteins in cardiopro-
tection and in reverse remodeling: therapeutic implications. Biochim 
Biophys Acta Mol Cell Biol Lipids. 2021;1866:159022.

	47.	 Bednarski TK, Duda MK, Dobrzyn P. Alterations of lipid metabolism in 
the heart in spontaneously hypertensive rats precedes left ventricular 
hypertrophy and cardiac dysfunction. Cells. 2022;11(19):3032.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association between the atherogenic index of plasma and left ventricular hypertrophy in patients with obstructive sleep apnea: a retrospective cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Collection of demographic, medical and laboratory data
	OCST evaluation
	Echocardiographic examination
	Statistical analysis

	Results
	Baseline characteristics
	Clinical characteristics of patients by LVH and LV geometric patterns
	Clinical characteristics and echocardiography data of patients by AIP
	Associations between AIP and LV geometric indicators
	Associations between AIP and LVH
	Associations between AIP and concentric LVH

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


