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Introduction 

Lack of sleep and poor sleep quality has been linked to many poor physical and mental health 

outcomes including cardiovascular disease (CVD), depression, anxiety, diabetes, hypertension, 

obesity, and all-cause mortality [1-7]. Of note, sleep quality has not only been associated with 

poorer health outcomes, but has been shown to exacerbate associations between other unhealthy 

lifestyle behaviours and health outcomes [1-7]. Additionally, existing treatments for sleep 

disorders, while effective, may have side-effects. Physical activity (PA) has been suggested as a 

possible alternative treatment among general and chronic disease populations [2, 8, 9]. Engaging 

in regular PA has been linked to changes in sleep circadian rhythms, thermogenic regulation, 

body weight, physical fitness, anxiety, depression, and pain; any of which could be a possible 

mechanism by which PA impacts sleep. While emerging evidence suggests that sedentary 

behaviour (SB) may also be associated with poor self-reported sleep outcomes[10], very little 

research on SB and sleep associations was found. The goal of this report is to examine any 

associations between PA or SB and sleep duration or quality among a cohort of Atlantic 

Canadians.  

Methods 

Study Design and Participants 



A detailed description of participant recruitment and data collection methods has been 

previously published [11]. Briefly, as part of the Canadian Partnership for Tomorrow Project 

(CPTP), Atlantic Partnership for Tomorrow’s Health (PATH) recruited 31,173 participants, aged 

35-69 years and currently living in Atlantic Canada, to complete a series of assessments. Self-

report questionnaires including lifestyle behaviors, health outcomes, and physical measurements 

were collected.  

Measures 

Physical measures included height, weight, and waist circumference and were measured 

either by trained research personnel or were self-reported. Participants were asked to report their 

levels of domain-specific PA and SB using the International Physical Activity Questionnaire-

Long Form (IPAQ) [12]. Total daily minutes and MET minutes were calculated for each domain, 

intensity, and overall activity. In order to estimate activity-related energy expenditure, MET-

hours per day were multiplied by kilograms of body weight (1 MET = 1 kcal/kg/hour). Resting 

energy expenditure (REE) was estimated using the Shofield equation [13]. To calculate total 

energy expenditure (TEE), one MET was subtracted from each hour of active time to eliminate 

double counting of energy expenditure equivalent to REE for that time period, then the sum of 

REE and activity-related energy expenditure was multiplied by 1.1 to account for the energy 

expended during digestion. Therefore, TEE was estimated using the following equation: 

TEE = [[REE - (total hours/d of activity×weight (kg))] + [MET hours/d×weight (kg)]]1.1 

From here, Physical Activity Level (PAL) ratios were calculated by dividing TEE by REE and 

then used to classify activity levels into he following categories: inactive (<1.40), low active 

(1.40 to 1.59), active (1.6 to 1.89), and very active (≥ 1.90) [14].  



Sleep duration and sleep quality were measured with two items including asking 

participants to report in hours and minutes “On average, how many hours per day do you usually 

sleep, including naps?” and “How often do you have trouble going to sleep or staying asleep?” 

on a 5-point scale ranging from “never” to “all the time”.  

Analyses 

Where available, objective physical measures were used in the analyses. In cases where 

clinic assessments were not available, self-reported data was used. Associations were explored 

using both chi-square and analyses of variance (ANOVA) for categorical (i.e., <5 hours, 5-6.99 

hours, 7-8.99 hours, 9-10.99 hours, and ≥11 hours) and continuous measures (i.e., average hours 

per night) of sleep respectively.   

Results 

This study included data from 26,706 participants that had both energy expenditure 

measures and sleep data. PAL computation revealed 61.6% of the sample were considered 

inactive with a further 14.7% in the ‘low active’ category.  The remaining 23.7% of the sample 

were considered ‘active’ or ‘very active’. Tertiles were calculated from the data to assess SB, 

however, most of the sample were sedentary between four and seven hours per day (37.7%). 

Further detail by sex can be found in Table 1.   

The majority of the sample (65.5%) reported getting between seven and nine hours of 

sleep per night with an average of 7.2 hours per night (SD = 1.26). In terms of sleep quality, the 

majority of the participants reported having sleep troubles ‘some of the time’ or less frequently 

(77.5%). Twenty-two percent indicated they had trouble sleeping ‘most’ or ‘all of the time’. 

More detailed description of reported sleep duration and quality by sex can be found in Table 1. 



Tables 2 and 3 detail the associations between PAL or SB and sleep duration or sleep 

quality categories. ANOVAs showed a significant difference in sleep duration among the PAL 

groups with 7.22, 7.18, 7.17, and 7.14 average hours of sleep for those inactive, low active, 

active, and very active, respectively (p=.002). Posthoc analysis revealed the difference between 

those participants who were inactive and very active (+0.082; p=.001). Within the categories, as 

sleep duration increased, the percentage of those inactive also increased. There was no clear 

trend for SB and sleep duration. U-shaped trends emerged with sleep disturbances either ‘none of 

the time’ or ‘all of the time’ at higher levels than ‘some of the time’ among those classified as 

very active. Sleep disturbances decreased for those sedentary less than 4 hours while they 

increased for those with more than 7 hours of sedentary time.  

Discussion 

 The majority of participants in this cohort reported getting between 7 and 9 hours of sleep 

with some variation between the sexes. Of note, men reported significantly fewer sleep 

disturbances than women (p<.001). Our results showed that as sleep duration increased so did the 

proportion of those classified as inactive. Results also showed that a higher proportion of those 

who slept more than 11 hours and had sleep disturbances ‘all the time’ were also those who were 

sedentary for more than 7 hours. While there is less research on SB’s link to sleep quality, 

existing data suggests a link similar to PA [10, 15].  

More research is needed to confirm a link between SB and sleep duration and quality. 

Likewise, future research, including both observational and intervention studies, should 

incorporate objective measures of activity and sleep. Numerous wearable activity trackers also 

assess sleep. Validation studies on the accuracy and reliability of these sleep assessments are 



needed, but this may be a promising and relatively inexpensive avenue for researchers that want 

to assess the link between PA, SB, and sleep.  
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Table 1. Description of PA, SB, sleep duration, and sleep quality among a cohort of Atlantic 

Canadians by sex.  

 

 

Women 

n (%) 

Men 

n (%)  p value 

PAL score (N=27178)    

Inactive 11885 (62.7) 4869 (59.3) <.001 

Low active 2856 (15.1) 1142 (13.9)  

Active 2045 (10.8) 965 (11.7)  

Very Active 2175 (11.5) 1241 (15.1)  

    

Sedentary behaviour 

(N=27662) 

 

  

≤4 hours 5886 (30.9) 2602 (30.2) .089 

4.01-6.99 hours 7208 (37.9) 3215 (37.3)  

≥7 hours 5945 (31.2) 2806 (32.5)  

    

Sleep Duration (N=30569)    

< 5 hours 587 (2.8) 212 (2.3) <.001 

5 to > 7 hours 5120 (24.1) 2446 (26.3)  

7 to < 9 hours 13968 (65.6) 6045 (65.1)  

9 to < 11 hours 1523 (7.2) 547 (5.9)  

≥ 11 hours 82 (0.4) 39 (0.4)  

    

Trouble sleeping 

(N=31057)    

None of the time 2125 (9.8) 1645 (17.5) <.001 

A little of the time 5759 (26.6) 3137 (33.4)  

Some of the time 8372 (38.7) 3069 (32.7)  

Most of the time 4053 (18.7) 1186 (12.6)  

All of the time 1352 (6.2) 359 (3.8)  
Note: PA=Physical activity, SB=Sedentary behaviour; PAL=Physical Activity Level.  

 

  



Table 2. Comparison of PA and SB measures among sleep duration categories. 

 

  Sleep duration 

n (%) p value 

  <5 5-<7 7-<9 9-<11 ≥11  

PAL  Inactive 245 

(51.9%) 

2625 

(58.5%) 

7284 

(60.4%) 

715 

(60.1%) 

34 

(66.7%) 

<.001 

 Low active 82 

(17.4%) 

632 

(14.1%) 

1778 

(14.7%) 

148 

(12.4%) 

8 

(15.7%) 

 

 Active 72 

(15.3%) 

546 

(12.2%) 

1451 

(12.0%) 

148 

(12.4%) 3 (5.9%) 

 

 Very active 73 

(15.5%) 

681 

(15.2%) 

1549 

(12.8%) 

178 

(15.0%) 

6 

(11.8%) 

 

        

Sedentary time <4 hours 238 

(35.4%) 

1968 

(29.5%) 

5568 

(30.8%) 

575 

(31.6%) 

25 

(26.3%) 

<.001 

 4-6.99 hrs 259 

(38.5%) 

2429 

(36.4%) 

6903 

(38.2%) 

695 

(38.2%) 

33 

(34.7%) 

 

 ≥7 hrs 175 

(26.0%) 

2277 

(34.1%) 

5613 

(31.0%) 

547 

(30.1%) 

37 

(38.9%) 

 

        
Note: PA=Physical activity, SB=Sedentary behaviour; PAL=Physical Activity Level.  

 

  



Table 3. Comparison of PA and SB measures among sleep quality categories. 

 

  Sleep Quality 

n (%) p value 

  

None of 

the time 

A little 

of the 

time 

Some of 

the time 

Most of 

the time 

All of 

the time 

 

PAL  Inactive 953 

(57.1%) 

3645 

(60.9%) 

4099 

(60.0%) 

1835 

(59.8%) 

499 

(54.1%) 

<.001 

 Low active 229 

(13.7%) 

859 

(14.4%) 

1023 

(15.0%) 

414 

(13.5%) 

157 

(17.0%) 

 

 Active 216 

(12.9%) 

688 

(11.5%) 

832 

(12.2%) 

388 

(12.7%) 

115 

(12.5%) 

 

 Very active 272 

(16.3%) 

793 

(13.2%) 

877 

(12.8%) 

429 

(14.0%) 

151 

(16.4%) 

 

        

Sedentary time <4 hours 1038 

(30.9%) 

2509 

(30.7%) 

3187 

(31.5%) 

1331 

(29.2%) 

396 

(28.3%) 

<.001 

 4-6.99 hrs 1294 

(38.5%) 

3131 

(38.4%) 

3745 

(37.0%) 

1734 

(38.0%) 

493 

(35.2%) 

 

 ≥7 hrs 1027 

(30.6%) 

2524 

(30.9%) 

3176 

(31.4%) 

1494 

(32.8%) 

511 

(36.5%) 

 

        
Note: PA=Physical activity, SB=Sedentary behaviour; PAL=Physical Activity Level. 

 

 

 

 

 


