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Abstract: 

Sleep�disordered breathing is an important comorbidity for several 
diseases, including stroke. Initial screening tools comprise simple yes/no 
questions about known risk factors for sleep�disordered breathing, e.g., 
obesity, sex. But walking speed has not been investigated in this context. 
We examined the cross�sectional association between walking pace and 
sleep�disordered breathing in the population�level Multi�Ethnic Study of 

Atherosclerosis. A sample of 2912 men and 3213 women (46�87 years) 
reported perceived walking pace outside their homes. A walking pace 
<0.89 m/s was deemed “slow”, with ≥ 0.89 m/s considered 
“average/brisk” according to validated thresholds. Sample prevalences 
were; sleep apnoea (3.5%), self�reported apnoeas (8.4%), loud snoring 
(20.5%), daytime tiredness (22.2%) and slow�walking pace (26.9%). The 
95%CI risk differences (multivariable�adjusted) for slow vs faster walking 
pace were; sleep apnoea (0.4�2.5%), self�reported apnoeas (0.1�3.8%), 
loud snoring (1.2�8.3%), and daytime tiredness (3.0�7.8%). Risk 
differences were similar between sexes. The multivariable�adjusted risk 
ratio indicated that slower walkers had 1.5 (95%CI: 1.0 to 2.1) times the 
risk of sleep apnoea vs faster walkers. In conclusion, a slower walking 

speed was associated with a greater prevalence of sleep�disordered 
breathing, independently from other common screening factors. Therefore, 
a simple walking speed question may help consolidate screening for this 
disorder. 
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Sleep�disordered breathing is an important comorbidity for several diseases, 

including stroke. Initial sScreening tools comprise simple yes/no questions about 

known risk factors for sleep�disordered breathing, e.g., obesity, sex. But walking 

speed has not been investigated in this context. We examined the cross�sectional 

association between walking pace and sleep�disordered breathing in the population�

level Multi�Ethnic Study of Atherosclerosis. A sample of 2912 men and 3213 women 

(46�87 years) reported their perceived walking pace outside their homes. A walking 

pace <0.89 m/s was deemed “slow”, with ≥ 0.89 m/s considered “average/ brisk” 

according to published validated thresholds. Multivariable�adjusted risk differences 

and prevalence risk ratios were quantified. Sample prevalences were; sleep apnoea 

(3.5%), self�reported apnoeas (8.4%), loud snoring (20.5%), daytime tiredness 

(22.2%) and slow�walking pace (26.9%). The 95%CI risk differences (multivariable�

adjusted) for slow vs faster walking pace were; sleep apnoea (0.4�2.5%), self�

reported apnoeas (0.1�3.8%), loud snoring (1.2�8.3%), and daytime tiredness (3.0�

7.8%). Risk differences were similar between sexes. The multivariable�adjusted risk 

ratio indicated that slower walkers had 1.5 (95%CI: 1.0 to 2.1) times the risk of sleep 

apnoea vs faster walkers. In conclusion, a slower walking speed was associated with 

aA greater prevalence of sleep�disordered breathing,g was independently from other 

common screening factorsly associated with a walking speed <0.89 m/s. Therefore, 

a simple walking speed question may help consolidate screening for this disorder. 
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Sleep�disordered breathing refers to a severity continuum ranging from loud snoring 

to physician�diagnosed obstructive sleep apnoea. Obstructive sleep apnoea is 

characterized by multiple losses of airway patency during sleep leading to hypoxia, 

hypercapnia, sleep fragmentation and increases in inspiratory efforts, all of which 

contribute to negative physiologic changes within the cardiovascular and pulmonary 

systems [1]. Obstructive sleep apnoea affects 4�9% of the adult population, but 

prevalence can be much higher (sometimes >60%) in patients with stroke, heart 

disease and hypertension [121]. Obstructive sleep apnoea can also lead to 

excessive daytime tiredness, which can compromise daily functioning, decrease 

workplace productivity and increase the risk of motor vehicle accidents [252]. This 

presence of daytime tiredness leads to a diagnosis of obstructive sleep apnoea 

syndrome. 

 

The prevalence of moderate�to�severe sleep�disordered breathing can be as high as 

20% in community�living adults [7]. Screening for sleep�disordered breathing is 

particularly important from both public health and economic perspectives [6]. It is 

also important to screen for sleep�disordered breathing in patients with other 

underlying conditions who require surgery [143]. Polysomnography is the gold 

standard diagnostic procedure for sleep�disordered breathing severity, yet is costly 

and generally only available in tertiary referral sleep centres [2018]. Therefore, 

various screening tools have been designed for sleep�disordered breathing, such as 

“STOP�Bang”. This particular screening tool comprises eight simple yes/no 

questions relating to risk factors (e.g. male sex, body mass index (BMI) > 35 kg/m2) 
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and indicators (e.g. snoring, daytime tiredness) for the disorder [5]. Some of these 

questions, e.g., loudness of snoring and occurrence of apnoea, are difficult to 

answer because they can rely on the presence of a bed partner. There are other 

diagnostic tools for sleep�disordered breathing including the Berlin Questionnaire 

and the 4�Variable Screening Tool [165]. No screening tool has, to date, included an 

item relating to physical activity. 

 

Although the potential physiological mechanisms have not yet been fully elucidated 

(Figure 1), low levels of habitual physical activity are associated with worse severity 

of sleep�disordered breathing [10, 179, 16]. One indicator of physical activity, which 

is also a robust indicator of general frailty, is reported walking speed [2219]. Health�

related thresholds for low and high walking speeds have recently been formulated 

[4]. Therefore, we hypothesised that a simple yes/no question, similar to those in 

existing screening tools, but pertaining to reported walking speed, is associated with 

the severity of outcomes related to sleep�disordered breathing. We tested this 

hypothesis with the large population�based dataset from the Multi�ethnic study of 

atherosclerosis (MESA). 

 

 

� �!���� 

 

�������"����  

The MESA is a large population�based study examining the early stages of 

cardiovascular disease. The research objectives and design have been published 

elsewhere [3]. The MESA study was approved by the local Institutional Review 
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Boards of each participatory study site. Our cross�sectional analysis of the MESA 

dataset was also approved by the local research ethics committee. This study also 

meets the ethical standards of the international Journal of Sports Medicine [9].  

� �

The MESA participants were 6814 men (47%) and women (53%) aged between 45�

84 years from 6 communities in the US. Participants were from 4 different ethnic 

groups; white (39%), African�American (28%), Hispanic (22%), Chinese�American 

(12%). Data for the MESA were collected during five examination points over a 12�

year period. Data for the present study were analysed from exam 2, undertaken 

between 2002 and 2004.  

�

� ���� # ���"��� ��� �  

The outcomes relating to sleep�disordered breathing were physician� diagnosed 

sleep apnoea, self�reported apnoeic events, loud snoring heard behind a closed door 

and daytime tiredness.  These outcomes were measured using a self�administered 

sleep questionnaire, as detailed previously by Yeboah et al. [274]. Participants could 

choose from a list of answers for each question with ‘don’t know’ provided as a 

response for apnoea and snoring items. Guidelines from the American College of 

Physicians indicate that polysomnography has, and continues to be used routinely 

for the diagnosis of obstructive sleep apnoea [18]. It is reasonable therefore to 

assume that participants who answered ‘yes’ to the question relating to physician�

diagnosed sleep apnoea had undergone polysomnography as part of their diagnostic 

pathway [21]. An interviewer�administered physical activity questionnaire was also 

completed. One question was: ‘���������	
�����
�������������������	�

���������

���
���
���’ Five response options were given provided from ‘no walking at all’ to 
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‘brisk or striding’. Self�reported walking speed has been shown to be a good marker 

of measured walking speed in older adults in a recent large population�based study 

[24]. To facilitate a simple yes/no context in keeping with the traditional screening 

tools, a walking speed <0.89 m/s (or no reported walking) was classified as “slow”, 

with ≥ 0.89 m/s classified as “average/ brisk”. The threshold used to define slow 

walking speed was informed by Stanaway et al. [2219], who reported that walking 

slower than 0.89 m/s was predictive of mortality. The self�reporting of the relevant 

variables in the MESA is in the tradition of items on the current clinical STOP�Bang 

screening tool and facilitates a large sample of participants for data analysis. Our 

other study outcomes covariates included age, sex and ethnicity. Each participant’s 

BMI and blood pressure were measured during clinical evaluation [3].  

 

������ ��������

All outcome variables were dichotomised in keeping with current screening tools, 

such as the STOP�Bang. Responses to the ‘how loud is your snoring?’ question in 

MESA were recoded into whether snoring was “extremely loud� can be heard 

through a closed door” or not. Responses to ‘how often do you feel excessively 

(overtly) sleepy during the day?’ were recoded into never/sometimes and 

often/almost always. Other items, including physician�diagnosed sleep apnoea were 

already in a dichotomised format.  

 

����������$�
��$%���  

Data analysis was completed in the Statistical Package for the Social Sciences 

(SPSS, version 21) and Stata (StatCorp, Texas, version 12.1).  Data were analysed 

with multivariable�adjusted binomial regression (with an identity link function), 
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providing risk differences and their confidence intervals (95% CI). Analyses were 

adjusted for age, sex and ethnicity. Multivariable�adjusted cox regression with a 

constant time�to�event variable [2] was employed to derive prevalence risk ratios and 

associated 95%CIs for the six STOP�Bang items, as well as for our additional slow 

walking speed question. We defined the minimum clinically important effect as a 

prevalence risk ratio of 1.11. This effect size implies that for every 10 people with 

sleep apnoea who have a slow walking speed there are 9 people with sleep apnoea 

who have a fast walking speed; that is, one in 10 sleep apnoea cases is associated 

with a slow walking speed. Thresholds for moderate, large, very large, and extremely 

large effects were deemed to be risk ratios of 1.43 (10/7), 2 (10/5), 3.3 (10/3), and 10 

(10/1), respectively. 

 

�

� ��$���

Faster walkers were, on average, 3.5 years younger and 2.3 kg/m2 lower in BMI than 

slower walkers. Faster walkers also comprised a lower proportion of women and 

African�American participants, and a higher proportion of white participants (Table 

1). The mean total number of medications was slightly (0.4) higher in slow walkers 

than in average/brisk walkers. 

 

The prevalence of sleep�disordered breathing outcomes in the dataset is presented 

in Table 2. The prevalence of physician diagnosed sleep apnoea, self�reported 

apnoeas and loud snoring was higher in men compared with women (4.8 v 2.3 %, 

11.0 v 5.9 % and 23.6 v 16.9% respectively).  
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Slower walking speed was associated with an increased risk of all outcomes 

indicative of sleep�disordered breathing, including physician�diagnosed sleep 

apnoea (Table 3). These risk differences were adjusted for sex, age, and ethnic 

group. No substantial interactions were found between walking speed, ethnic group 

and sex. Risk differences were also similar when people who reported no walking at 

all were removed from the analyses. 

 

We investigated whether slow walking speed was an independent risk factor for 

physician�diagnosed sleep apnoea compared with other yes/no type outcomes 

present in traditional obstructive sleep apnoeaOSA screening tools. Questions 

relating to apnoea incidence, and loud snoring were, as expected, the strongest 

independent predictors of sleep apnoea (Table 4). Body mass index was also an 

independent predictor of sleep apnoea (prevalence risk ratio: 1.7). Nevertheless, the 

strength of the independent association of slow�walking speed was approaching that 

of BMI. People who walked relatively slow had 1.5�times the risk of having sleep 

apnoea compared with people who walked at a faster pace. This prevalence risk 

ratio was higher than the point estimates of the prevalence risk ratios for the 

screening items of daytime tiredness, sex and hypertension (Table 4). 

�

�����������

In this large population�based study, slow�walking speed was independently 

associated with an increased risk of sleep�disordered breathing outcomes. A simple 

yes/no question relating to slow walking speed compared favourably with other items 

present on existing screening tools for sleep�disordered breathing, including sex, 

daytime tiredness and hypertension.  
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The prevalence of diagnosed sleep apnoea was greater in men (4.8%) than in 

women (2.3%). Nevertheless, the multivariable�adjusted association between sex 

and sleep apnoea was weak and not statistically significant (Table 4), suggesting 

that sex�related covariates, such as BMI, might be more influential than sex ������.  

We also did not find a substantial interaction between sex and the slow walking 

speed – sleep apnoea association. Endeshaw et al. [7] also analysed a population�

level dataset (The Cardiovascular Health Study) and reported an association 

between slow�walking speed and sleep�disordered breathing, but only in women. 

The authors reported that this sex�specific finding was unexpected, but postulated 

that the protective effect of female hormones on airway collapse is lost after the 

menopause. Endeshaw et al. [7] obtained polysomnographic data from their 

participants while they slept at home, allowing the quantification of the rate of 

apnoeas and hypopnoeas, in contrast to the self�report approach employed in the 

present study. Nevertheless, the sample size in the current study was substantially 

larger than theirs (n=6125 vs. 1042), providing greater precision of estimation of 

effects in both sexes. In agreement with our findings, data from the Wisconsin Sleep 

Cohort Study indicated that the association between habitual exercise and sleep�

disordered breathing was similar between men and women [176]. Ideally a large 

population�based study involving direct polysomnography is needed to clarify any 

sex differences in risk factors for sleep�disordered breathing.  

 

The prevalence of the sleep�disordered breathing outcomes in the sample we 

analysed, including sleep apnoea, is consistent with those reported in other large 

studies [8, 15, 284, 25]. Sleep apnoea can present itself as obstructive, central or 
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“mixed” (obstructive/central) in nature. Although the word ‘obstructive’ was not 

included in the sleep history questionnaire in the MESA, the prevalence of central 

and mixed sleep apnoea is much rarer in the general population than is obstructive 

sleep apnoea [263]. Therefore, it is likely that the vast majority of cases of diagnosed 

sleep apnoea in the present study are obstructive in nature.  

 

The present study findings support the hypothesis that low levels of physical activity 

increase the severity of sleep�disordered breathing. One possible causal pathway for 

this hypothesis involves a bidirectional influence of obesity (Figure 1). A habitual 

slow walking pace may, over time, contribute to weight gain, which is an independent 

risk factor for sleep�disordered breathing [2018]. Conversely, it is possible that more 

severe sleep�disordered breathing mediates more daytime sleepiness and, 

therefore, a decreased willingness or propensity for a faster walking pace. This 

pathway is supported by population�based research, which has found a statistically 

significant association between tiredness and a decreased walking speed [230]. 

Because BMI is on this potential causal pathway, we did not adjust for it in our 

primary analysis of risk differences. Nevertheless, in our secondary analysis, slow 

walking pace was compared against other items, including BMI, on popular 

screening tools for sleep�disordered breathing, including BMI. Slow walking pace 

was found to be independently associated with the prevalence of diagnosed sleep 

apnoea, with a point estimate prevalence risk ratio that was slightly larger than those 

relating to sex, daytime tiredness and hypertension. The 95%Cis of these latter risk 

ratios also overlapped 1. This finding was consistent even if the participants who 

reported no walking at all were removed from the analysis. In terms of clinical 

relevance, the point estimate for the prevalence risk ratio for walking speed 
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represents a moderate effect size, but the uncertainty (quantified by the 95%CI) is 

such that the true population effect could be trivial (< 1.11) to large (>2). 

 

It is plausible that the causal pathway between walking speed and sleep�disordered 

breathing involves exercise�specific mechanisms, independent of BMI (Figure 1) [10, 

179, 16]. It has been postulated that being physically active increases upper airway 

dilator muscle strength, reduces nasal resistance, improves sleep architecture and 

prevents lower�extremity fluid accumulation – the so called ‘Rostral Fluid Shift’ 

hypothesis [132]. All of these exercise�mediated changes may help to maintain 

airway patency during sleep and improve sleep�disordered breathing [110]. The 

rostral shift hypothesis has received considerable attention recently [132], and 

proposes that sedentary living leads to increased fluid accumulation in the legs 

during the daytime, which then shifts to the rostrum (towards the head) when lying 

supine for sleep. It is proposed that this fluid shift increases the propensity for upper 

airway collapse [197]. 

 

In the MESA, only 4205 people answered the question relating to loudness of 

snoring, with 1526 participants reporting ‘don’t know’. The response rate for self�

reported perceptions of apnoea during sleep was also poor (Table 2). In contrast, 

6125 (98%) of the 6232 participants assessed at exam 2 were able to answer the 

walking speed question. Therefore, not only might the association between walking 

speed and sleep apnoea be stronger than other proposed risk factors, the question 

may be more easily�answered by participants than these other risk factors, e.g. 

daytime tiredness.  
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The large sample of our study, together with the fact that statistically significant 

associations were present, indicates acceptable statistical power. Nevertheless, aA 

limitation of our study is that it was observational and cross�sectional in nature, with 

temporal risk of bias.. Therefore, we can only speculate, as we have done above, 

about proposed causal mechanisms. A related limitation is that confounding in 

observational studies bias a risk ratio by as much as 2�3�fold [21]. 

NeverthelessHowever, our finding that walking speed (an indicator of physical 

activity and general frailty) that an exposure related to the propensity for physical 

activity is associated with less severe sleep�disordered breathing, independent from 

BMI, agrees with the results of recent randomised controlled trials of supervised 

exercise interventions [109].  

 

In conclusion, we report an independent association between self�reported slow�

walking speed and sleep�disordered breathing outcomes in a large population�based 

study. Prospective observational and experimental studies should follow to confirm 

these findings. We propose that a simple yes/no question relating to slow walking 

speed could improve the screening utility of the STOP�Bang questionnaire.  

 

� & � �� ���
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