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Abstract. Apolipoprotein E (ApoE) gene ε2 and ε4 alleles 
have been reported to be associated with the risk of obstruc-
tive sleep apnea (OSA); however, the results are controversial. 
Thus, we performed a meta‑analysis to obtain a more precise 
estimate of the associations by pooling sporadic, inconsistent 
and small‑sample‑size studies. Electronic databases such as 
PubMed and Embase were searched to identify eligible studies 
focusing on the association between ApoE polymorphisms and 
susceptibility to OSA before April 2014. The associations were 
assessed by odds ratio (ORs) with 95% confidence intervals 
(CIs). The Begg and Egger's test was used to evaluate publica-
tion bias. Ten eligible studies (1,696 cases/2,216 controls for 
the ε2 allele and 2,449 cases/5,592 controls for the ε4 allele) 
were included in the meta‑analysis. An association between the 
ApoE ε2 and ε4 alleles and OSA was not found in the overall 
population (OR=0.97, 95% CI: 0.75‑1.25; OR=1.09, 95% CI: 
0.86‑0.38 for ApoE ε2 and ε4, respectively). Significant 
heterogeneity (ε2: I2=36.6%, P=0.16; ε4: I2=69.7%, P=0.001) 
was observed across studies, however, heterogeneity could 
not be explained by variations in mean age, body mass index, 
apnea hypopnea index, gender, ethnic background, or the ApoE 
ε2 and ε4 alleles. No evidence of publication bias was found 
according to the Begg and Egger's test. In conclusion, our find-
ings show that the ApoE ε2 and ε4 alleles have no significant 
associations with OSA susceptibility based on available data.

Introduction

Obstructive sleep apnea (OSA) is a common sleep disorder, 
characterized by repeated intermittent hypoxia and/or hyper-
capnia, frequent micro‑arousals and sleep fragmentation (1). 

Although the occurrence of OSA contributes to anatomical 
and mechanical factors (e.g., repetitive episodes of pharyngeal 
collapse) (2), the exact pathophysiological mechanisms have 
not yet been clarified. Growing evidence indicates that OSA is 
a complex disorder involving multiple traits, particularly those 
with a heritable component (3,4).

The macromolecule apolipoprotein E (ApoE) may play 
a role maintaining patency of the pharyngeal airway by 
increasing the activity of pharyngeal dilator muscles  (5). 
ApoE is a plasma protein from the lipoprotein transport 
system that plays a central role in lipoprotein homeostasis 
and hyperlipidemia is a common risk factor in patients with 
OSA (6,7). In addition, ApoE is confirmed to be a risk factor 
for OSA‑associated cardiovascular diseases (8,9). Thus, the 
relationship between ApoE polymorphisms and risk of OSA 
has been investigated extensively. Understanding the patho-
physiological role of the ApoE gene in OSA is essential for 
developing therapeutic strategies.

The ApoE gene is located on chromosome 19q13.2, with 
three common alleles: ε2, ε3 and ε4. Six ApoE phenotypes 
(ε2/ε2, ε3/ε3, ε2/ε4, ε3/ε3, ε4/ε3 and ε4/ε4) are defined by 
these alleles and the ε3/ε3 phenotype is the most common. 
Several multiple case‑control, cohort and family‑based studies 
have investigated ApoE polymorphisms and susceptibility to 
OSA (10‑19). However, contradictory data have been published 
and sample sizes were relatively small. Thus, to obtain a more 
precise estimate of the association, we systematically collected 
all published studies and performed this meta‑analysis to 
evaluate the association between the ApoE ε2 and ε4 alleles 
and susceptibility to OSA.

Materials and methods

We performed this meta‑analysis strictly abiding by the recom-
mendations of the Preferred Reporting Items for Systematic 
Reviews and Meta‑Analysis statement (20).

Literature search. The electronic databases PubMed and 
Embase were searched to identify all eligible studies focusing 
on the association between the ApoE polymorphism and OSA. 
The last search was completed on April 30, 2014. The formats 
of the search terms used were as follows: (sleep disordered 
breathing or SDB or obstructive sleep apnea or OSA) and 
(apolipoprotein E or ApoE or APOE). In addition, we manually 
searched relevant published or ongoing studies and reviewed 
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the reference lists of all eligible studies to increase the yield 
of our search. This search work was performed separately by 
two authors (Drs Xu and Qian). No language restrictions were 
applied.

Inclusion and exclusion criteria. Studies included for the 
meta‑analysis satisfied the following criteria: i)  evalua-
tion of the ApoE polymorphism and OSA susceptibility; 
ii) case‑control, cohort, or family‑based design with case and 
control populations; and iii) had the ApoE genotype carrier 
allele (i.e., a dominant model) distributions so odds ratios 
(ORs) and 95% confidence intervals (CIs) could be estimated 
or directly reported OR and 95% CI. Studies were excluded 
if they were: i) reviews, abstracts, or conference papers not 
reporting original research results; ii) no control population; 
iii) no sufficient data of the ApoE genotype distribution to 
calculate OR and 95% CI; and iv) did not use polysomnog-
raphy (PSG) to diagnose OSA.

Data extraction. Two investigators (Drs Xu and Qian) indepen-
dently extracted data from all included studies. If discrepancies 
existed, a third reviewer (Dr Guan) participated and disputes 
were resolved through consensus. The authors of the studies 
were contacted if there were queries or further study details 
were needed. The following information was collected from 
each eligible study: first author, year of publication, country 
(ethnicity), general information [e.g., age, body mass index 
(BMI), proportion of males and apnea‑hypopnea index (AHI)], 
sample size (including cases and controls), genotype informa-
tion, study design and genotyping method.

Statistical analysis. Stata version 11.0 (StataCorp, College 
Station, TX, USA) was used for all analyses. We examined 
ApoE ε2 and ε4 carrier allele genotypes. ORs and 95% CIs 
were calculated from the number of allele carriers included 
in each study. The strength of the associations between the 
ε2 and ε4 alleles and OSA susceptibility was estimated 
by ORs and 95% CIs. The aforementioned possession was 
used according to the DerSimonian and Laird method and 
a random‑effects model was considered both between‑ and 
within‑studies (21). The Hardy‑Weinberg equilibrium (HWE) 
of genotype distributions was examined in control subjects. 
We examined heterogeneity across the eligible studies using 
the Q‑test (P<0.1 was considered significant) and I2 statistic 
(I2<25%, I2=25‑50%, I2=50‑75% and I2>75% represented no, 
moderate, large and extreme heterogeneity, respectively) (22). 
Subgroup analyses and meta‑regression were performed to 
explore the source of the heterogeneity. A sensitivity analysis 
was performed to assess the stability of the results. We deleted 
one of the included studies at a time to determine the contribu-
tion of their data to the pooled ORs. The Begg and Egger's test 
was used to evaluate publication bias (23,24).

Results

Search results and study characteristics. After the initial 
search, 128  citations were identified from the electronic 
databases. Thirty‑eight citations were excluded because 
of duplication. Then, 90 potentially relevant studies on the 
ApoE polymorphism and OSA risk were selected. After 

we carefully read the titles and abstracts of these studies, 
an additional 75  studies were excluded for the following 
reasons: poster or conference study (n=22), review (n=24), 
non‑clinical study (n=11), irrelevant to OSA (n=12) and 
irrelevant to ApoE (n=6). Then, 15 potentially appropriate 
studies were retained for additional consideration. After care-
fully reading the content of these articles, five were excluded 
for the following reasons: no control group (25), genotyped 
only one of the two single‑nucleotide polymorphisms (26), 
did not use PSG as a diagnostic criteria  (27), or lacked 
ApoE gene distribution information (28,29). Thus, 10 studies 
consisting of 1,696 cases/2,216 controls for the ε2 allele and 
2,449 cases/5,592 controls for the ε4 allele were included in 
this meta‑analysis (10‑19) (Fig. 1). Among these studies, seven 
were conducted in the USA (11‑15,17,19), one in Finland (10), 
one in Italy (16) and one in the UK (18). Five studies involved 
Caucasians (10,12,16‑18), one included Asians (11) and four 
included mixed populations  (13‑15,19). Six studies were 
performed with a case‑control design (10,15‑19) and the other 
four were performed as cohort studies  (11‑14). The basic 
characteristics of the cases and controls from the studies are 
listed in Table I. Polymorphisms were identified by isoelec-
tric focusing, cysteamine treatment, immunoblotting  (11), 
polymerase chain reaction (PCR) (18,19) or PCR‑restriction 
fragment length polymorphism  (12,14,16,17). Three 
studies provided detailed genotypes of the ApoE distribu-
tion (10,16,17) and the HWE values of these studies were 0.39, 
0.52 and <0.01 respectively.

Pooled analysis
ApoE ε2 and ε4 carriers and the risk for OSA. Of the 
10 included studies, six focused on the relationship between 
ApoE ε2 carriers and increased susceptibility to OSA. Only 
one study (14) reported a higher risk for OSA, whereas the 
other five studies (10,16‑19) showed no association between 
OSA and the ε2 allele. In the overall analysis, the pooled data 
showed no association between the ε2 allele and the risk of OSA 
(OR=0.97, 95% CI: 0.75‑1.25). A moderate heterogeneity was 
found when all six studies were combined for the ε2 carriers 
vs. the ε2 non‑carriers (I2=36.6%, P=0.16) (Fig. 2). Nine studies 

Figure 1. Flow diagram showing the studies included and excluded in this 
meta‑analysis. OSA, obstructive sleep apnea; ApoE, apolipoprotein E; SNP, 
single‑nucleotide polymorphism; PSG, polysomnography.
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included the ε4 carrier allele, but the association with OSA 
susceptibility across the studies varied widely. Among them, 
two studies (12,15) showed a higher risk of OSA; however, 
that conducted by Larkin et al (14) reported a decreased risk 
of OSA. No association between OSA and the ε4 allele was 
found for the remaining studies. Our meta‑analysis combined 

all genotype information and found no association between 
the ApoE ε4 carrier allele and an increased susceptibility 
to OSA (OR=1.09, 95% CI: 0.86‑1.38) (Fig. 3). Additionally, 
high heterogeneity was found when all nine studies for the 
ε4 carriers vs. ε4 non‑carriers were combined (I2=69.7%, 
P=0.001) (Fig. 3).

Figure 2. Forest plot of the associations between the apolipoprotein E ε2 allele and obstructive sleep apnea risk. OR, odds ratio; CI, confidence interval.

Figure 3. Forest plot of the associations between the apolipoprotein E ε4 allele and obstructive sleep apnea risk. OR, odds ratio; CI, confidence interval.
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Meta‑regression and subgroup analyses. We conducted 
a meta‑regression analysis to determine the source of the 
heterogeneity. The concrete results of the meta‑regression 
analysis are presented in Table II. No significant effects were 
demonstrated with respect to any of the examined covariates, 
including mean age, BMI and AHI, as well as the proportion 
of males, proportion of subjects of European descent and 
ApoE ε2 or ε4 allele frequency, indicating that these factors 
did not significantly explain the heterogeneity across the 
studies. We sorted the available data and conducted sub‑group 
meta‑analyses according to two potential confounders: origin 
of study (Europe or North America) and source of study 
(community‑ or hospital‑based) to determine the source of the 
heterogeneity. The subgroup analysis for the ε2 and ε4 carrier 
alleles showed that studies from Europe were homogeneous 
(I2=0.0%, P=0.611; I2=0.0%, P=0.595, respectively), whereas 
studies from the US were heterogeneous (I2=58.7%, P=0.089; 
I2=76.9%, P=<0.001, respectively); however, the ORs of these 
two subgroups were not different [Europe: 0.81 (0.58‑1.13), 1.03 
(0.79‑1.34); North America: 1.08 (0.72‑1.61), 1.12 (0.83‑1.52), 
respectively]. The subgroup analysis showed that the hetero-
geneous ε2 and ε4 carrier alleles existed in community‑based 
studies (I2=50.6%, P=0.155; I2=72.3%, P=0.006, respectively) 
and that the heterogeneous ε4 carrier allele existed in the 
hospital‑based studies (I2=74.8%, P=0.008); however, the 
homogeneous ε2 carrier allele existed in hospital‑based 
studies (I2=0.0%, P=0.711). The summary of the ORs was not 
different [community‑based: 1.12 (0.50‑2.51), 1.20 (0.79‑1.83); 
hospital‑based: 0.88 (0.71‑1.09), 1.05 (0.75‑1.47), respectively].

Publication bias. Begg's funnel plots and Egger's linear 
regression were used to evaluate publication bias. No evidence 
of publication bias was detected for the association between 
either the ApoE ε2 or ε4 carrier alleles with OSA according to 
Begg and Egger's tests (P=0.71, P=0.61 and P=0.12, P=0.08, 
respectively). The Begg's funnel plots were symmetrical (Figs. 
not shown).

Sensitivity analysis. A sensitivity analysis was performed 
to reflect the influence of each of the studies to the pooled OR 
value. A leave‑one‑out procedure was used to omit one study 
each time. ORs (95% CIs) ranged from 0.87 (0.70‑1.07) to 1.02 
(0.78‑1.35) and from 1.01 (0.84‑1.21) to 1.17 (0.90‑1.50) for 
the ApoE ε2 and ε4 carrier allele model, respectively. These 
results demonstrate that none of the studies influenced the 
pooled ORs of the ε2 and ε4 alleles.

Discussion

The present meta‑analysis involving 10 publications to evaluate 
the ApoE polymorphism and the risk of OSA included a pool 
of 2,840 cases and 5,720 controls (1,696 cases/2,216 controls 
for the ε2 allele and 2,449 cases/5,592 controls for the ε4 
allele, respectively). The results revealed that ApoE gene (i.e., 
ε2 or ε4 allele) expression was not associated with the risk of 
OSA. Subgroup analyses did not show a significant association 
between this polymorphism and OSA risk. Our findings show 
that ApoE polymorphisms may have no role in the occurrence 
of OSA.

OSA is a polygenic and multi‑factorial sleep disorder 
disease based on sophisticated gene‑environment or gene‑gene 
interactions (3,4). The association between the ApoE gene and 
OSA has been investigated extensively. However, some studies 
focused on the ApoE molecule as a cause of Alzheimer's 
disease (19), cognitive deficit (15‑17), or lipid metabolism (18) 
in patients with OSA. These results suggest that subjects with 
the ApoE polymorphisms have higher risks for diseases other 
than OSA. The results remain inconsistent when referring 
to OSA susceptibility. Though one previous meta‑analysis 
summarized the relationship between the ApoE ε4 allele and 
the risk for OSA (30), the meta‑analysis pooled only eight 
studies on the ε4 allele (1,901 OSA cases and 4,607 controls) 
and not pooled ApoE ε2 allele. Additionally, this meta‑anal-
ysis contained one inappropriate study (27), which made the 
conclusion questionable. Therefore, it is essential for us to 
re‑perform a meta‑analysis to evaluate the associations and the 
new combined results will be more credible.

We found that variations in mean age, BMI, AHI, 
gender, ethnic background and ApoE ε2 and ε4 alleles could 
not explain the source of heterogeneity. We also formed 
subgroups according to the origins or sources of the studies, 
but the heterogeneity remained. Thus, other factors were likely 
involved in the heterogeneity within studies. In addition, no 
significant publication bias was found by the Begg and Egger's 
test. Furthermore, our sensitivity analysis demonstrated that 
our results were both reliable and stable.

Several limitations should be considered when interpreting 
the results of our meta‑analysis. First, eligible studies that 
were not indexed or published may have resulted in reporting 
bias. Second, moderate to large heterogeneity was observed 
between the ApoE ε2 or ε4 alleles and OSA risk across all the 

Table II. Results of meta‑regression analysis examining the association of the ApoE ε2 and ε4 alleles with OSA susceptibility.

	 ApoE ε2 allele		  ApoE ε4 allele
	 ------------------------------------------------------------------------	 -------------------------------------------------------------------------
Meta‑regression variable	 No. of studies	 t	 P‑value	 No. of studies	 t	 P‑value

Mean age	 6	‑ 2.50	 0.07	 9	‑ 1.57	 0.16
Mean BMI	 5	 0.21	 0.85	 8	‑ 1.44	 0.20
Mean AHI	 5	‑ 0.91	 0.43	 7	‑ 0.74	 0.49
Proportion of males	 6	‑ 1.89	 0.13	 8	 0.60	 0.57
Proportion of subjects with European descent	 5	‑ 2.41	 0.10	 8	 0.73	 0.49
ApoE ε2 or ε4 allele frequency	 6	 1.12	 0.33	 9	‑ 1.15	 0.29

ApoE, apolipoprotein E; OSA, obstructive sleep apnea; BMI, body mass index; AHI, apnea‑hypopnea index.
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included studies. Although a random‑effects model was used 
to synthesize the data, the precision of the results may have 
been affected. Third, only two of the included studies used the 
HWE. Last, the overall sample size was relatively small; thus, 
our meta‑analysis may have been underpowered to detect a 
weak association. Despite these limitations, this meta‑analysis 
was cost‑effective and reasonable to evaluate these sporadic, 
small‑sample‑size and inconsistent studies and to provide a 
robust conclusion.

In conclusion, our meta‑analysis suggested that neither the 
ApoE ε2 allele nor the ε4 allele was associated with the risk 
of OSA. Further well‑designed studies with controls, use of 
the HWE and larger samples are warranted to confirm these 
findings.
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