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Abstract 
AIM: To investigate whether an association exists between sleep-associated movement disorders and cardiovascular disease (CVD). 

METHODS: Several studies have observed the relation​ship of sleep-associated movement disorders such as restless legs syndrome (RLS) and periodic limb movements during sleep with CVD, but the results were still contradictory. We performed an extensive literature search on PubMed, Medline and Web of Science published from inception to December 2014. Additional studies were manually searched from bibliographies of retrieved studies. Meta-analyses were conducted with Stata version 12.0 (Stata Corp, College Station, Texas). Pooled odds ratios (ORs) and 95%CIs were calculated to assess the strength of association using the random effects model. Sensitivity and subgroup analyses were performed to explore the underlying sources of heterogeneity. The publication bias was detected using Egger’s test and Begg’s test. 

RESULTS: A total of 781 unique citations were indentified from electronic databases and 13 articles in English were finally selected. Among these studies, nine are cohort studies; two are case-control studies; and two are cross-sectional studies. The results showed that the summary OR of CVD associated with sleep-associated movement was 1.51 (95%CI: 1.29-1.77) in a random-effects model. There was significant heterogeneity between individual studies (P for heterogeneity = 0.005, I2 = 57.6%). Further analysis revealed that a large-scale cohort study may account for this heterogeneity. A significant association was also found between RLS and CVD (OR = 1.54, 95%CI: 1.24-1.92). In a fixed-effects model, we determined a significant relationship between sleep-associated movement disorders and coronary artery disease (CAD) (OR = 1.34, 95%CI: 1.16-1.54; P for heterogeneity = 0.210; I2 = 30.0%). Our meta-analysis suggests that sleep-associated movement disorders are associated with prevalence of CVD and CAD.

CONCLUSION: This finding indicates that sleep-asso​ciated movement disorders may prove to be predictive of underlying CVD.
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Core tip: We conducted a meta-analysis of 13 relevant studies to investigate the association between sleep-associated movement disorders and cardiovascular disease (CVD). The present study suggested that sleep-associated movement disorders are associated with prevalence of CVD. This finding indicates that sleep-associated movement disorders may prove to be pre​dictive of underlying CVD.

INTRODUCTION
Sleep-associated movement disorders are a group of movement disorders which occur during sleep in relation to episodes of arousal and sleep disorder. They are characterized by the persistence of muscle tone or the emergence of motor activity. Among of them, restless legs syndrome (RLS) and periodic limb movements during sleep (PLMS) are the two most common disorders encountered in adult. RLS affects approximately 5%-10% of the general population and up to 80% of RLS patients may have PLMS[1,2]. RLS and PLMS can result in similar clinical problems due to sleep disruption[3]. Recently, several studies indicate that untreated RLS with PLMS may contribute partly to secondary causes of uncontrolled hypertension and cardiovascular disease (CVD), while some studies demonstrated negative results[4,5]. Therefore, the objective of the present study was to provide a systematic review and meta-analysis of the available evidence on the association between sleep-associated movement disorders and CVD in general populations.
MATERIALS AND METHODS
This meta-analysis was based on the guidelines of the Meta-analysis of Observational Studies in Epidemiology Group[6]. 

Data sources and search strategy

We performed a literature search of PubMed, Medline and Web of Science using key words of ‘‘periodic limb movements”, “RLS”, “heart disease’’, “CVD”, “coronary artery disease (CAD)’’ and ‘‘sleep-associated movement disorders” published from inception to December 2014. Additional studies were manually searched from references of related studies or reviews and the language was limited in English. Review articles, abstracts, correspondence, conference proceedings and book chapters were excluded, and only one instance of the study found in multiple journals was included.

Inclusion and exclusion criteria

Prospective cohort, case-control, and cross-sectional studies based in general populations that assessed the association of sleep-associated movement disorders with CVD were eligible for this systematic review. Exclusion criteria were as follows: (1) duplicated studies; (2) no controls; and (3) no detail risk estimates and 95%CIs. We included only published full-text that assessed sleep-associated movement disorders and CVD, or that provided sufficient data to calculate risk estimates of CVD associated with sleep-associated movement disorders. Unpublished reports, abstracts, comments, reviews, case report or editorials were not considered in this review. CVD in our investigation were defined as CAD, heart failure (HF) and stroke, not including hypertension.

Data extraction 

Two reviewers independently extracted eligible data by screening the titles and abstracts of the search results and evaluating the remaining full-text articles. Disagreements were discussed till consensus was achieved. The following data were extracted: the first authors’ name, publication year, country where the study was conducted, study type, RLS or PLMS, number of samples, crude or adjusted risk estimates and 95%CIs. Different study types were divided into prospective cohort, case-control, and cross-sectional studies. 

Statistical analysis

Summary odds ratios (ORs) and 95%CIs were used to measure the association strength between sleep-associated movement disorders and CVD risk. Cochran’s Q statistic and the I2 statistic were used to quantify between-study heterogeneity. The heterogeneity was considered as significant with a conservative P value of 0.10 and a value of I2 exceeding 56%. We pooled ORs, relative risks and hazard ratios (HRs) with the random-effects model when a significant heterogeneity exists, otherwise, with the fixed-effect model[7]. We also performed subgroup analyses to explore the underlying confounding factor. Sensitivity analyses were carried out to test the reliability of results. We checked for funnel plot asymmetry, Begg’s test and Egger’s test to assess potential publication bias, and the significant P value was < 0.05[8,9]. The “trim and fill” procedure was utilized to further evaluate the possible effect of publication bias in the present meta-analysis[7]. All analyses were calculated with Stata version 12.0 (Stata Corp, College Station, Texas).

RESULTS
Characteristics of eligible studies

A total of 781 unique citations were identified: 279 from PubMed, 283 from Medline and 219 from Web of Science. The flow of study identification was shown in Figure 1[10-22]. Table 1 shows characteristics of eligible studies and the effect of sleep-associated movement disorders on the risk for CVD and CAD. Among these studies, nine are cohort studies; two are case-control studies; and two are cross-sectional studies. All participants were investigated from either European countries or United States. The sample sources of cases in nine studies were RLS patients and five were PLMS patients, including one study investigating both PLS and PLMS patients. The risk estimates and 95%CIs of most studies were extracted directly from original articles except for those of seven studies were recalculated by merging raw data[12-14,17,19,20,22]. 

Associations of sleep-associated movement disorders with CVD and CAD

Several studies indicated that sleep-associated move​ment disorders were associated with a significant increased risk for CVD; while others showed inconsistent findings (Figure 2). In a random-effects model, the summary OR of CVD associated with sleep-associated movement was 1.51 (95%CI: 1.29-1.77), with the evidence of heterogeneity (P for heterogeneity = 0.005, I2 = 57.6%) (Figure 2). In subgroup analysis by study type, the summary OR was 1.36 for nine cohort studies (95%CI: 1.14-1.62; P for heterogeneity = 0.055; I2 = 47.5%) (Figure 2). Figure 3 listed that a significant association was also found between RLS and CVD (OR = 1.54, 95%CI: 1.24-1.92). In a fixed-effects model, we determined a significant association of sleep-associated movement disorders with CAD (OR = 1.34, 95%CI: 1.16-1.54; P for heterogeneity = 0.210; I2 = 30.0%) (Figure 4).

Sensitive analysis and publication bias evaluation

Sensitive analysis was performed by sequentially excluding each study to test the stability of the results in the present meta-analysis. After removing a study performed by Winter et al[19] which allowed the assessment of incident CVD cases, we found no significantly heterogeneity existed between overall studies (P = 0.112, I2 = 34.8%). In addition, there was no significantly influence on the pooled OR of the CVD risk (OR = 1.49, 95%CI: 1.35-1.64). Therefore, the different study design may be a possible origin of heterogeneity. Then we conducted the funnel plot and Egger’s test to assess the publication bias of literatures. Visual assessment of the Begg funnel plot revealed asymmetry (Figure 5A). This indicates the potential publication bias, although the Begg’s test showed no statistically significance (Z = 1.53, P = 0.127). In order to identify and correct for funnel plot asymmetry arising from publication bias, we continued the analysis using the trim and fill method. The other four hypothetical studies were filled to produce a symmetrical funnel plot (Figure 5B). After that, the meta-analysis still showed a statistically significant association between sleep-associated movement disorders and CVD (OR = 1.39, 95%CI: 1.19-1.63).

DISCUSSION
Plenty of evidences have revealed screening, identi​fication, and treatment of sleep disorders were important among patients with CVD. Several studies showed RLS were associated with hypertension and heart disease, because RLS may contribute to a high cardiovascular burden[1,11,12]. In 2001, Ulfberg et al[11] found an association of RLS with both self-reported hypertension and heart problems in 4000 Swedish men aged 18 to 64 years (hypertension: OR = 1.5, 95%CI: 0.9-2.4; heart problems: OR = 2.5, 95%CI: 1.4-4.3). Ohayon et al[12] reported heart disease made a significant independent contribution to RLS (OR = 1.41, 95%CI: 1.06-1.88). In a cohort study, Elwood et al[14] identified RLS is associated with a significant increase in ischaemic heart disease events among 1871 men in South Wales, United Kingdom during the following 10 years (OR = 1.24, 95%CI: 0.89-1.71). In the Wisconsin Sleep Cohort study of 2006, Winkelman et al[15] observed a dose-related association between RLS symptoms and CVD (Frequent: OR = 1.61, 95%CI: 0.82-3.13; Daily: OR = 2.58, 95%CI: 1.38-4.84). Moreover, Winkelman et al[15] also demonstrated the association of RLS with CVD and CAD in a large cross-sectional observational community-based study of 1559 men and 1874 women (CAD: OR = 2.05, 95%CI = 1.38-3.04; CVD: OR = 2.07, 95%CI: 1.43-3.00) for subjects with RLS compared to those without RLS, and the associations were stronger in those with RLS more frequent or severer symptoms[15]. Li et al[18] performed a large-scale prospective study to examine whether RLS was associated with an increased risk of CAD in women of the Nurses’ Health Study (HR = 1.46, 95%CI: 0.97-2.18). The fact suggests that CVD could be result from the long-term impact of RLS or RLS-associated conditions. Nevertheless, a study from Walters et al[16] showed that there was no statistically difference in the prevalence of CVDs or risk factors between RLS patients and controls, which may be caused by the limited sample size. Another two large prospective cohort studies (Women’s Health Study and Physicians’ Health Study, United States) also did not support that RLS is a marker of increased risk of vascular disease. The discrepancy between these two results and those of previous studies may be explained by the prospective cohort study, which was designed to assess incident CVD cases[19]. 
Ninety-nine percent of PLMS are related to greater heart rate response, which result in sympathetic activation as a cause of cardiovascular complications[1,23,24]. In 1996, Hanly et al[10] for first time found an association between congestive HF and increased prevalence of PLMS. Furthermore, a cross-sectional study was performed in the five European countries, identifying CVD certainly associated with PLMS (OR = 1.61, 95%CI: 1.09-2.39). A study published in 2011 from Koo et al[17] supported PLMS frequency may be a predictive factor of incident CVD. In a recent study by Mirza et al[23], periodic limb movement index > 35/h were found to confer a high risk for HF (OR = 1.62; 95%CI: 1.14-2.30).
To clarify the controversial results of previous studies regarding the association of sleep-associated movement disorders with CVD, we performed this meta-analysis. Our analysis suggested that sleep-associated movement might play an important role in the development of heart disease, particular in prevalence of CAD. As different study design of the previous works might contribute to discrepancies between previous reports, thus we conducted subgroup analysis by study types which suggested the association was only to be weaker but still significant in cohort studies. In addition, our results also provided a stronger evidence for the significant relationship between RLS and CVD. However, the exact mechanism of the effect of sleep-associated movement disorders on cardiovascular system remains unclear. The most accepted hypothesis is these disorders may result from sustained adrenergic surges caused by sympathetic nervous system activation, which predispose to persistent elevated blood pressure as well as increased left ventricular afterload and heart rate. Another possible explanation is that sleep-associated movement disorders interrupt sleep which raises heart risk[25]. 
Some limitations of our meta-analysis should be considered. First, the results of the present meta-analysis remain cautious due to heterogeneity across studies. Second, the risk estimate of each study included was not adjusted by the same covariable related to risk of CVD. Third, the asymmetry shape of the funnel plot suggested the possibility of publication bias, even the trim and fill sensitivity analysis has been used to test the stability of the results. Fourth, all sample sources are of European or United States descent, which lead to lacking data from other ethnicity backgrounds.

In conclusion, the current meta-analysis suggests that sleep-associated movement disorders are associated with prevalence of CVD, which may be predictive of CVD. This finding may settle the controversy among previous investigations. However, further well-designed and mechanistic work should undertake to confirm this association.

COMMENTS
Background

The burden of cardiovascular disease (CVD) is increasing globally, especially in developing countries such as China. CVD has been the first leading cause of mortality in China. It has been known that unhealthy life style is the most common induced factor of CVD which can also lead to other disease like diabetes, obesity and so on. Therefore, the prevention of CVD, which consumes less, is more important than treatment in developing countries. Sleep-associated movement disorders is a group of symptoms that easily been ignore by the public and some limited studies seem to indicate they may be also the underlying cause of CVD, although this association is not been well established. 

Research frontiers

Over the recent 2 decades, many studies attempted to understand the associations between sleep-associated movement disorders and CVD. However, it is difficult to obtain an inconsistent conclusion about the association from the previous studies. 

Innovations and breakthroughs

From this meta-analysis, sleep-associated movement disorders may increase the risk of CVD by approximately 51%. Significant associations also showed in subgroup analyses of nine cohort studies. And sleep-associated movement disorders may be predictively used in the prevention of coronary artery disease in the future based the current investigation.

Applications 

Sleep-associated movement disorders appear to be either directly or indirectly associated with the risk of CVD. An exploration of the mechanism for this association may help us decrease the prevalence of CVD.

Terminology

Sympathetic nervous system is a web of nerves and neurons spreading excitement to each organ of body. Left ventricular afterload is the encountering resistance when the myocardial of left ventricular contracts. 

Peer-review

Well written and concise meta-analysis.
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Figure 1  Flow diagram of the study selection process.
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Figure 2  Forest plot (random effects model) of overall cardiovascular disease risk associated with sleep-associated movement disorders.
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Figure 3  Forest plot (fixed effects model) of overall cardiovascular disease risk associated with restless legs syndrome.
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Figure 4  Forest plot (random effects model) of overall coronary artery disease risk associated with sleep-associated movement disorders.
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Figure 5  Funnel plots without and with trim and fill. A: Funnel plot without trim and fill; B: Funnel plot with trim and fill.
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Table 1  Characteristics of the eligible studies included in the meta-analysis


Ref.


�
Year


�
Country


�
Study type


�
Total


�
Source of patients


�
CVD-OR (95%CI)


�
CAD-OR (95%CI)


�
�
Hanly et al[10]


�
1996


�
Canada


�
Cohort


�
     32


�
PLMS


�
  8.73 (0.94-81.49)


�
-


�
�
Ulfberg et al[11]


�
2001


�
Sweden


�
Case-control


�
  4000


�
RLS


�
2.50 (1.40-4.30)


�
-


�
�
Ohayon et al[12]


�
2002


�
5 European countries


�
Cross-sectional


�
18980


�
PLMS/RLS


�
1.47 (1.12-1.81)


�
-


�
�
Winkelman et al[13]


�
2006


�
United States


�
Cohort 


�
  2821


�
RLS


�
2.07 (1.31-3.27)


�
�
�
Elwood et al[14]


�
2006


�
United Kingdom


�
Cohort


�
  1871


�
RLS


�
1.38 (1.06-1.81)


�
1.24 (0.89-1.74)


�
�
Winkelman et al[15]


�
2008


�
United States


�
Cross-sectional


�
  3433


�
RLS


�
2.07 (1.43-3.00)


�
2.05 (1.38-3.04)


�
�
Walters et al[16]


�
2010


�
United States


�
Cohort


�
    267


�
RLS


�
2.46 (0.97-6.28)


�
-


�
�
Koo et al[17]


�
2011


�
United States


�
Cohort


�
  2911


�
PLMS


�
1.28 (1.08-1.51)


�
1.23 (1.01-1.50)


�
�
Li et al[18]


�
2012


�
United States


�
Cohort


�
70977


�
RLS


�
1.46 (0.97-2.18)


�
1.46 (0.97-2.18)


�
�
Winter et al[19]


�
2012


�
United States


�
Cohort


�
48938


�
RLS


�
1.06 (0.90-1.26)


�
-


�
�
Lindner et al[20]


�
2012


�
Hungary


�
Cohort


�
    150


�
PLMS


�
1.85 (0.46-7.51)


�
1.15 (0.35-3.81)


�
�
Mirza et al[21]


�
2013


�
United States


�
Case-control


�
    584


�
PLMS


�
1.62 (1.14-2.30)


�
-


�
�
Szentkirályi et al[22]


�
2013


�
German


�
Cohort


�
  4308


�
RLS


�
0.94 (0.42-2.10)


�
0.53 (0.12-2.27)


�
�
RLS: Restless legs syndrome; PLMS: Periodic limb movements during sleep; CVD: Cardiovascular disease; CAD: Coronary artery disease.











