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Abstract
Background Cardiovascular diseases (CVDs) are highly prevalent in obstructive sleep apnea (OSA), and dyslipidemia is an
important factor. Atherogenic index of plasma (AIP, log[TG/HDL-C]) and apolipoproteinB to apolipoproteinAI ratio
(apoB/apoAI ratio) are considered high quality predictors of cardiovascular risk. However, the associations between OSA
severity and AIP and apoB/apoAI ratio remained unclear.
Methods A retrospective study was performed in 284 patients. Subjects were assessed with polysomnography (PSG) test, and
OSA severity was defined by AHI. Data collected included anthropometric measurements, medical history, sleep parameters,
fasting plasma lipids, fasting blood glucose, and insulin.
Results Participants were classified based on AHI into the following groups: control group (n = 28), mild group (n = 52),
moderate group (n = 53), and severe group (n = 151). Triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), apoAI,
AIP, apoB/apoAI ratio (low-density lipoprotein cholesterol), LDL-C/HDL-C ratio, and HDL-C/apoAI ratio showed statistical
significance among AHI subgroups (P < 0.05). The Pearson correlation analysis revealed that AIP (r = 0.32, P < 0.001) and
apoB/apoAI ratio (r = 0.24, P < 0.001) were positively related to AHI. By multivariate linear regression analysis, we found that
AHI was independently related to AIP (β = 0.24, P = 0.001), apoB/apoAI ratio (β = 0.24, P<0.001).
Conclusion AHI was independently correlated with AIP and apoB/apoAI ratio in OSA. Our findings suggested that AIP and
apoB/apoAI ratio increased with OSA severity, which might be partly responsible for the high risk of CVDs in OSA.

Keywords Atherogenic index of plasma (AIP) . apoB/apoAI ratio . Lipid profile . Obstructive sleep apnea . Cardiovascular
diseases

Introduction

Obstructive sleep apnea (OSA), a prevalent sleep related
respiratory disorder, is caused by recurrent collapse of the
upper airway, which can cause nocturnal hypoxia and
sleep disruption, as well as daytime sleepiness [1]. It is
well known that OSA is closely correlated with metabolic
syndrome including dyslipidemia. Several mechanisms

such as chronic intermittent hypoxia, oxidative stress, in-
sulin resistance, sympathetic activation, and systemic in-
flammation may explain the dyslipidemia in OSA [2].
Cardiovascular diseases (CVDs) are highly prevalent in
OSA patients, and dyslipidemia is considered to be an
important factor for CVDs [3]. In recent years, AIP (ath-
erogenic index of plasma) and apoB/apoAI indicators are
believed to be better predictors for CVDs compared with
isolated lipid parameters [4, 5]. The cutoff points of AIP
and apoB/apoAI that define a high CVDs risk are 0.24
and 0.9, respectively [6, 7]. These two novel indicators
could better reflect the lipid metabolism and serve as
sensitive indexes for CVDs risk. However, they are un-
derused in OSA. Therefore, the aim of the current re-
search was to explore the relationship of OSA severity
(in terms of apnea hypopnea index, AHI) with AIP and
apoB/apoAI ratio.
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Materials and methods

Subjects

A retrospective research of 284 participants in the sleep center
was conducted between January 2014 and November 2018.
Dates were extracted from the medical record system in a
retrospective manner, including sex, age, height, weight, case
history, medication use, sleep parameters, fasting plasma
lipids, fasting blood glucose, and insulin. Patients with history
of OSA therapy, lipid lowering therapy, alcohol abuse, taking
psychoactive medications or corticosteroids, liver or kidney
disease, type 2 diabetes, CVDs (including coronary artery
disease, heart failure, stroke, and peripheral vascular diseases),
malignant tumor, hyperthyroidism, or hypothyroidism were
excluded. Patients who were younger than 18 years old were
also excluded.

Polysomnography

Overnight in-laboratory PSG was carried out at the sleep cen-
ter of NanFang Hospital. Apnea were defined as a ≥ 90% drop
in flow for more than 10 s. Hypopnea was defined as a 30% or
greater drop in breathing amplitude lasting for more than 10 s
and accompanied with an oxyhemoglobin desaturation greater
than 3% or an ECG arousal. OSA severity was determined
based on AHI, which was calculated as the sum of apnea and
hypopnea per hour of sleep time.

Biochemical parameters

Fasting plasma lipids were obtained from patients’ medical
record, including total cholesterol (TC), triglycerides (TG),
apolipoprotein B (apoB), apolipoprotein AI (apoAI), apolipo-
protein E (apoE), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), and very
low-density lipoprotein (VLDL). Based on isolated lipid pa-
rameters, the following clinical indicators were calculated:
AIP, apoB/apoAI ratio, LDL-C/apoB ratio, HDL-C/apoAI ra-
tio, and LDL-C/HDL-C ratio. In order to calculate LDL-C/
apoB and HDL-C/apoAI index, the concentration of LDL-C
and HDL-C was converted from millimoles/l to milligrams/l,
respectively. AIP value was computed as follows: the loga-
rithm of TG/HDL-C ratio (log[TG/HDL-C]) [8]. The homeo-
stasis model (HOMA-IR) was applied to estimate
glycometabolism, and the calculation method was as follows:
fasting insulin× fasting glucose / 22.5 [9].

Statistical analysis

Statistical analyses of all data in this study were conducted in
SPSS 22.0. Quantitative data were given as the mean ± stan-
dard deviation, and their comparisons were analyzed by using

analysis of variance (ANOVA). Categorical data were present-
ed as counts (percentage), and their comparisons were tested
with chi-square test. Pearson correlation analysis was applied
to determine the relationship between AHI and lipid profile.
Multiple linear regression analysis was applied to identify the
correlation between AHI and nontraditional lipid profile. If a
P value was < 0.05, statistical significance was determined.

Results

The clinical and biochemical data are shown in Table 1. There
are 284 subjects, with an average age of 45.28 ± 11.12 years.
Based on AHI, 28 subjects were divided into control group
(AHI < 5 events), 52 subjects in mild group (AHI 5–15
events), 53 subjects in moderate group (AHI ≥ 15 and < 30
events), and 151 subjects in severe group (AHI ≥ 30 events).
For lipid profile, our research showed significant differences
in TG, apoAI, HDL-C, AIP, apoB/apoAI ratio, HDL-C/apoAI
ratio, and LDL-C/HDL-C (P < 0.05). However, we did not
find statistical differences in TC, LDL-C, apoB, VLDL-C,
and LDL-C/apoB (P > 0.05) (Table 1). In addition, the per-
centage of patients with the AIP exceeding 0.24 was 49.6%.
For the apoB/ apoAI ratio, 45.1% of the subjects had values
above 0.9. In the Pearson correlation analysis, TG (r = 0.22,
P < 0.001), TC (r = 0.13, P = 0.03), apoAI (r = − 0.16, P =
0.006), HDL-C (r = −0.26, P < 0.001), AIP (r = 0.32,
P < 0.001), apoB/apoAI ratio (r = 0.24, P < 0.001), LDL-C/
HDL-C ratio (r = 0.24, P = 0.001), and HDL-C/apoAI ratio
(r = − 0.24, P < 0.001) were significantly associated with
AHI (Table 2). Moreover, stepwise linear multivariate regres-
sion model revealed that AHI was independently correlated
with AIP (β = 0.24, P = 0.001), apoB/apoAI ratio (β = 0.24,
P<0.001) (Table 3). Figs. 1–2 showed the correlations be-
tween AHI and AIP (Fig. 1, R2 = 0.101) and apoB/apoAI ratio
(Fig. 2, R2 = 0.059), respectively.

Discussion

This study explored the relationships between AHI and AIP
and apoB/apoAI ratio in OSA patients. Our results revealed
that AHI was independently associated with AIP and apoB/
apoAI ratio. As far as we know, this was the first study that
showed independent association of OSA severity with lipid
metabolism of AIP and apoB/apoAI ratio.

AIP

AIP indicator reflected the association between protective
factors and atherogenic factors [8]. Previous studies have
demonstrated that OSA was correlated with low HDL-C
levels and high TG levels [10–12] and thus an increase in
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AIP parameter. Accordingly, our data also showed that
AHI was positively related to TG levels, while HDL-C
levels decreased as AHI value increased. Moreover, AHI
was independently associated with AIP after adjusting for
confounding factors. We speculated that the following
mechanisms may explain the relationship between OSA
severity and AIP index. First, chronic intermittent hypoxia
(CIH) could increase TG levels by promoting the produc-
tion of enzymes and proteins related to TG synthesis in the
liver [13]. At the same time, increased sympathetic tone in
OSA patients could change the body’s endocrine hormone
level, which might affect the production of lipoprotein
lipase and lead to the reduction of serum HDL-C concen-
tration [14], thus increasing AIP levels. In addition, pre-
vious studies have indicated that block alpha-1 receptor
could elevate serum HDL-C and reduce TG level [15].

Therefore, hypersympathetic tone presented in patients
with OSA [16] might be another factor increased AIP
levels.

The present study had an important clinical implication.
Recently, a large number of research evidence have shown
that AIP was a powerful indicator to evaluate the risk of
CVDs [5, 6, 17, 18]. For example, Cai’s research [5] demon-
strated that AIP was an independent risk predictive index for
coronary heart disease. Compared with conventional single
lipid parameters, AIP was highly valuable for detecting
CVDs risk [5]. The following reasons may explain the great
predictive power of AIP. First, AIP was a comprehensive clin-
ical indicator, indicating the relationship between protective
and atherogenic lipoprotein. And it seemed that using both
lipid indices simultaneously provided more accurate informa-
tion [8]. Second, AIP was believed to have similar clinical

Table 1 Clinical and biochemical data of the study population

Control group (n = 28) Mild OSA (n = 52) Moderate OSA (n = 53) Severe OSA (n = 151) P

Sex (man) 18 (63.3%) 44(84.6%) 49 (92.5%) 144 (95.4%) < 0.001***

Age 48.07 ± 12.60 44.94 ± 11.31 46.60 ± 9.69 44.42 ± 11.22 0.326

BMI 23.69 ± 2.43 25.69 ± 2.90 26.92 ± 3.20 28.56 ± 3.31 < 0.001***

Smoking 7(25.0%) 11(21.2%) 12(22.6%) 39(25.8%) 0.906

Fasting insulin 8.82 ± 4.16 11.48 ± 7.28 14.05 ± 11.45 18.64 ± 16.46 < 0.001***

FPG 5.03 ± 0.72 5.03 ± 0.65 5.40 ± 1.50 5.41 ± 1.03 0.070

HOMA-IR 2.01 ± 1.05 2.39 ± 1.56 3.54 ± 3.52 4.42 ± 2.96 < 0.001***

TG 1.31 ± 0.62 1.69 ± 1.13 2.20 ± 1.88 2.50 ± 2.21 0.003**

TC 4.75 ± 1.10 4.83 ± 0.75 4.99 ± 0.93 5.12 ± 1.05 0.143

HDL-C 1.21 ± 0.24 1.08 ± 0.23 1.04 ± 0.27 0.98 ± 0.21 < 0.001***

LDL-C 3.02 ± 0.79 3.15 ± 0.64 3.20 ± 0.72 3.25 ± 0.75 0.425

VLDL-C 0.53 ± 0.25 0.78 ± 1.10 0.75 ± 0.46 0.88 ± 0.64 0.096

apoAI 1.31 ± 0.16 1.22 ± 0.17 1.20 ± 0.23 1.17 ± 0.16 0.002**

apoB 0.97 ± 0.22 1.00 ± 0.19 1.01 ± 0.22 1.05 ± 0.23 0.114

apoE 47.23 ± 18.35 50.30 ± 27.33 53.90 ± 20.33 58.56 ± 25.86 0.048*

AHI 2.31 ± 1.50 9.09 ± 2.94 21.07 ± 4.43 60.24 ± 19.50 < 0.001***

APO2 95.30 ± 1.53 95.31 ± 1.43 94.60 ± 1.44 90.36 ± 5.75 < 0.001***

MPO2 88.90 ± 3.60 85.21 ± 5.03 79.50 ± 7.50 65.03 ± 11.67 < 0.001***

AIP 0.01 ± 0.21 0.14 ± 0.30 0.24 ± 0.33 0.36 ± 0.30 < 0.001***

apoB/apoAI 0.74 ± 0.15 0.83 ± 0.18 0.85 ± 0.18 0.91 ± 0.19 < 0.001***

LDL-C/apoB 1.20 ± 0.11 1.22 ± 0.12 1.23 ± 0.10 1.20 ± 0.13 0.276

HDL-C/apoAI 0.36 ± 0.05 0.34 ± 0.05 0.33 ± 0.04 0.32 ± 0.05 0.001**

LDL-C/HDL-C 2.53 ± 0.68 3.03 ± 0.77 3.19 ± 0.82 3.45 ± 1.06 < 0.001***

The quantative data are presented as means±SD; categorical data as the number (percentage). Differences among the four groups were examined using a
one-way analysis of variance (ANOVA) or chi square test according to the characteristics of the data distribution

BMI bodymass index, FPG Fasting plasma glucose,HOMA-IR the homeostasis model assessment method, TG triglycerides, TC total cholesterol,HDL-
C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholestero, VLDL-C very-low-density lipoprotein cholesterol, apoAI apolipo-
protein AI, apoB apolipoprotein B, apoE apolipoprotein E, AHI apnoea hypopnea index, APO2 average pulse hemoglobin saturation,MPO2minimum
pulse hemoglobin saturation, AIP atherogenic index of plasma (log[TG/HDL-C]), apoB/apoAI apolipoprotein B to apolipoprotein AI ratio, HDL-C/
apoAI high-density lipoprotein cholesterol to apolipoprotein AI ratio, LDL-C/HDL-C low-density lipoprotein cholestero to high-density lipoprotein
cholesterol ratio, LDL-C/apoB low-density lipoprotein cholestero to apolipoprotein B ratio

* = p < 0.05; ** = p < 0.01; *** = p < 0.001
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significance to sdLDL (small dense LDL), which was be-
lieved to be highly atherogenic [19]. In our study, we found
that AHI was strongly and independently associated with AIP
in OSA patients. Furthermore, the percentage of subjects with
AIP ratio above 0.24 was 49.6%. The increase of AIP was
proportional to OSA severity, which might partly elucidate
why OSA patients have high risk of CVDs, especially in pa-
tients with severe OSA [20].

ApoB/apoAI ratio

It was well known that apoB was an essential structural
constituent of atherogenic lipoproteins and apoAI was

main structural component of anti-atherogenic HDL-C
[21]. Thus, apoB/apoAI ratio also represented the relation-
ship between atherogenic factors and protective factors
[22]. In a large-scale research [23], OSA patients had low-
er levels of apoAI and higher levels of apoB than non-
OSA. Similarly, the current research also shown that
OSA was related to elevation in apoB level and reduction
in apoA level and thereby an increase in apoB/apoAI ratio.
Previous studies reported that apoB/apoAI index was rel-
evant to insulin resistance [24] and apoB was related to
inflammatory response [25]. Insulin resistance and sys-
temic inflammation, which were observed in OSA [26],
might be the causes of increased apoB/apoAI ratio in
OSA.

Several research have revealed that apoB/apoAI indi-
cator was stronger than LDL-C/HDL-C in predicting
CVDs risk [27, 28]. Furthermore, Kaneva’s research
has observed that the normolipidemia participants, who
with a high apoB/apoAI value, had more atherogenic
lipid profile [7]. The following explanations may explain
the great prediction ability of apoB/apoAI ratio. First,
similarly, apoB/apoAI ratio was a comprehensive lipid
index, indicating the relationship between atherosclerosis
and anti-atherosclerosis lipoprotein [22]. Moreover, each
atherogenic lipoprotein particle contained one apoB mol-
ecule; thus the serum apoB levels represented the poten-
tial atherogenic risk. In addition, it is the apoB in lipo-
protein particles that causes these lipoproteins to remain
in the arterial wall, which eventually leads to the risk of
CVDs [21]. In current research, significant difference in
apoB/apoAI ratio was observed, and this indicator was
independently related to AHI. In addition, the proportion
of participants with apoB/apoAI ratio above 0.9 was
high (45.1%) in our study. Similarly, this might partly
explain why OSA patients have higher cardiovascular
risk than the general population.

Table 2 The relationship between lipid parameters and AHI

Variables r P

TG 0.22 < 0.001***

TC 0.13 0.030*

apoB 0.15 0.14

apoAI − 0.16 0.006**

HDL-C − 0.26 < 0.001***

LDL-C 0.09 0.135

AIP 0.32 < 0.001***

apoB/apoAI 0.24 < 0.001***

HDL-C/apoAI − 0.24 < 0.001***

LDL-C/HDL-C 0.24 < 0.001***

LDL-C/apoB − 0.08 0.158

AHI apnoea hypopnea index, TG triglycerides, TC total cholesterol, apoB
apolipoprotein B, apoAI apolipoprotein AI,HDL-C high-density lipopro-
tein cholesterol, LDL-C low-density lipoprotein cholestero, AIP athero-
genic index of plasma (log[TG/HDL-C]), apoB/apoAI apolipoprotein B
to apolipoprotein AI ratio, HDL-C/apoAI high-density lipoprotein cho-
lesterol to apolipoprotein AI ratio, LDL-C/HDL-C low-density lipopro-
tein cholestero to high-density lipoprotein cholesterol ratio, LDL-C/apoB
low-density lipoprotein cholestero to apolipoprotein B ratio

* = p < 0.05; ** = p < 0.01; *** = p < 0.001

Table 3 The multiple linear regression for lipid parameters

Variables AIP apoB/apoAI LDL-C/apoB HDL-C/apoAI LDL-C/HDL-C

β P β P β P β P β P

Sex – – − 0.21 0.003** 0.15 0.029* 0.17 0.016* 0.17 0.015*

Age – – – – – – – – – –

BMI – – – – – – – – 0.24 0.001**

Smoking – – – – – – – – – –

HOMA-IR 0.22 0.002** – – – – − 0.18 0.014* – –

AHI 0.24 0.001** 0.24 < 0.001*** – – − 0.16 0.031* – –

AHI apnoea hypopnea index, AIP atherogenic index of plasma (log[TG/HDL-C]), apoB/apoAI apolipoprotein B to apolipoprotein AI ratio, HDL-C/
apoAI high-density lipoprotein cholesterol to apolipoprotein AI ratio, LDL-C/HDL-C low-density lipoprotein cholestero to high-density lipoprotein
cholesterol ratio, LDL-C/apoB low-density lipoprotein cholestero to apolipoprotein B ratio

* = p < 0.05; ** = p < 0.01; *** = p < 0.001
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However, in current research, we did not observe sta-
tistical difference in LDL-C among four groups.
Consistent with our results, several previous research [2,
29] also identified no statistical difference in LDL-C. This
result might indicated that AIP and apoB/apoAI ratio were
more sensitive and accurate CVDs risk predictors than

LDL-C and other traditional single lipids, which was con-
sistent with previous research conclusions [6, 22].

There were several limitations in present research.
Firstly, it’s a retrospective research. Therefore, the mech-
anism of dyslipidemia in OSA could not be further ex-
plored. Secondly, we failed to study the relationships

Fig. 1 The scatter plot of AIP and AHI

Fig. 2 The scatter plot of apoB/apoAI and AHI
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between oxygen desaturation index (ODI) and AIP and
apoB/apoAI ratio. Thirdly, we did not evaluate the influ-
ence of CPAP treatment on AIP and apoB/apoAI levels.

Conclusion

In conclusion, we have shown that AHI was independently as-
sociated with AIP and apoB/apoAI ratio. Our findings suggested
that AIP and apoB/apoAI ratio increased with OSA severity,
which might be partly responsible for the high risk of CVDs in
OSA. In the future, it is necessary to carry out high quality
prospective research to further elaborate the relationships of
OSA severity with AIP and apoB/apoAI ratio and to evaluate
the clinical value of AIP and apoB/apoAI ratio in identifying
OSA patients with high risk of cardiovascular diseases.
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