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Abstract  15 
 16 
This review aimed to quantify the extent to which levels of habitual physical activity, sedentary 17 
behaviour, and sleep complied with WHO Guidelines in 3- to 4-year-olds in Sub-Saharan Africa. 18 
The systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-19 
Analyses (PRISMA). A literature search was conducted in August 2019 from PubMed, Web of 20 
Science, and Medline Ovid databases as well as grey literature. Eligible studies were assessed for 21 
quality using the Joanna Briggs Institute (JBI) tool for prevalence studies. Only three studies were 22 
eligible: two from one South African sample and one from Ghana which did not contain useable 23 
data. The South African studies reported high compliance with physical activity guidelines (n=87), 24 
with a mean total physical activity volume of 446 min/day (SD=67) and a median level of 25 
moderate-to-vigorous physical activity of 109 min/day (SD=37). Results further reflected a lower 26 
compliance with the screen time guidelines (n=56; mean screen time 2 h/day, SD=1.3), with no 27 
studies reported on sleep. There are insufficient data to draw meaningful conclusions on pre-school 28 
children’s adherence to the 24-hour movement guidelines in Sub-Saharan Africa; thus warranting 29 
the need for future research in this region.     30 
 31 
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Introduction 40 
 41 

Physical inactivity has been identified as one of the most important factors for 42 

global mortality and a contributor to the global rise in overweight and obesity.  The 43 

number of overweight or obese infants and young children (age 0 to 5 years) 44 

increased from 32 million globally in 1990 to 40 million in 2016. This increase 45 

has been projected to reach 50 million by 2030 (World Obesity Federation, 2019). 46 
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In a global effort to counter the rise in overweight and obesity, the World Health 47 

Organisation (WHO) developed 24-hour movement behaviour guidelines for the 48 

early years. These guidelines comprise physical activity, sedentary behaviour, and 49 

sleep (WHO, 2019). The guidelines state that children aged 3-4.9 years should 50 

participate in 180 min of daily physical activity including 60 minutes of moderate-51 

to-vigorous physical activity (MVPA). In addition, children should spend less than 52 

1 hour behind a screen and less than 1 hour being restrained; and 10-13 hours of 53 

good quality sleep (WHO, 2019). 54 

 55 

Several studies have found that among school-aged children and adolescents’ 56 

levels of physical activity are lower than recommended (Aubert et al., 2018; 57 

Reilly, 2015; Zhu et al., 2019). Only a minority of children and adolescents 58 

globally meet the minimum recommendation of 60 minutes MVPA/day (Aubert 59 

et al., 2018; Guthold et al., 2018). However, there appears to be less global 60 

evidence on levels of physical activity in early childhood (Aubert et al., 2018). 61 

This is because the concept of 24-hour movement behaviours is relatively new and 62 

the first global guidelines for these behaviours in young children were only 63 

published in 2019 (WHO, 2019). Therefore, it is unclear whether habitual levels 64 

of physical activity, sedentary behaviour, and sleep are adequate in children under 65 

5 years of age globally. A few recent studies from high-income countries 66 

suggested that compliance to WHO 2019 guidelines might be low. These studies 67 

indicated that only a minority of children meet combined guidelines for physical 68 

activity, sleep, and sedentary behaviour (screen time) (Cliff et al., 2017; De 69 

Craemer et al., 2018; Lee et al., 2017).  70 

 71 

Childhood obesity may be a concern for public health in Sub-Saharan Africa 72 

because the childhood population is rapidly increasing and urbanising. Africa’s 73 

childhood population is projected to reach 1 billion by 2025, which will make it 74 

the biggest childhood population compared to all the other continents (United 75 

Nations Children's Fund, 2019). A recent study has shown that excessive fatness 76 

was present in nearly a third of children across urban areas in Africa (Diouf et al., 77 

2018). This is consistent with the conclusions of another systematic review which 78 

linked urbanisation with a growing tendency of decreasing physical activity, 79 

increasing sedentary behaviours and decreasing fitness among children and 80 

adolescents in Africa (Muthuri et al., 2014).  81 

 82 

The study's primary aim, therefore, was to establish the available evidence on 83 

compliance with the 24-hour movement behaviour guidelines among 3- to 5-year-84 

old children in Sub-Saharan Africa. A secondary aim was to identify gaps in the 85 

available evidence and develop future research questions. 86 

 87 

Methodology 88 

 89 
This systematic review was conducted and reported by following the Preferred 90 

Reporting Items for Systematic Reviews (PRISMA) guidelines. PRISMA has 91 



 

been defined as evidence-based guidelines with a minimal set of items for 92 

reporting systematic reviews and meta-analysis (Moher et al., 2009). The protocol 93 

for the review was registered on PROSPERO on the 6th of August 2019 with 94 

Prospero registration number: CRD42019140909. The main search terms were 95 

developed following the PECO (population, exposure, comparator, outcome) 96 

format, but only population (Preschool children of 3.0 to 4.9 years in Sub-Saharan 97 

Africa), and exposure (time spent in physical activity, while sleeping and being 98 

sedentary, including screen time) were included.  99 

 100 

Study inclusion and exclusion criteria 101 

In this review, the following studies were included: studies which included 102 

healthy, typically developing, children aged 3.0 to 4.9 years residing in Sub-103 

Saharan Africa and reported on objectively or subjectively measured habitual time 104 

spent in physical activity, or while sleeping or during sedentary engagements, 105 

including screen time. Only articles published in English language were 106 

considered. All the articles, which fulfilled the above inclusion criteria, were 107 

examined regardless of the years when published. Articles were excluded if they 108 

were non-English language publications, if participating children were less than 109 

3.0 years and older than 4.9 years, reported studies with children who had a 110 

physical or learning disability, or who were unhealthy.  111 

 112 

Literature search 113 

Three databases (Medline Ovid, PubMed, and Web of Science) were searched in 114 

August 2019. The searches were independently performed by two researchers, one 115 

of whom was a specialist librarian, using the following search terms: population 116 

(preschool, child) and exposure (time spent in physical activities, sleeping and 117 

time spent in sedentary behaviours including screen time); the search terms were 118 

used in separation or in combination using the boolean operator like "OR" and 119 

"AND". The literature search was restricted to Sub-Sahara Africa. An example of 120 

a search strategy from Web of Science is attached as an appendix (Appendix 1), 121 

which was subsequently adapted for the other two databases. References were 122 

exported, de-duplicated and reviewed using Endnote X9. Two researchers 123 

independently assessed the titles/abstracts (JN and XJ) and full-text articles were 124 

obtained for those papers which met the inclusion criteria. Full-text articles were 125 

screened (JN and XJ) and the two researchers resolved differences in opinion over 126 

the eligibility of papers to be included by discussion, referring to a third author 127 

(JR) where necessary.  128 

 129 

Grey literature searching 130 

Grey literature was searched through each country's domain website (e.g. Ghana 131 

– com.gh and South Africa – com.za), whereby in the advanced google search box 132 

the following words were entered: Physical activity OR sedentary behaviour OR 133 

Screen OR Sleep AND preschool children, then searched. 134 

 135 

 136 



 

Data extraction, quality assessment and synthesis 137 

Two researchers independently used the adapted pre-specified excel data sheet to 138 

extract all the necessary data from eligible studies (JN and XJ). The necessary data 139 

extracted from the studies included the following: study location, design, exposure 140 

type (physical activity, sedentary behaviour, and/or sleep), exposure description, 141 

exposure measurement type, age and sex of sample, and summary measures of 142 

time spent in the behaviours. Any minor disagreements between the two 143 

researchers over data extracted were resolved through discussion. The data-144 

extracted excel sheet is provided in Appendix 2. 145 

 146 

To test for compliance with recommendations in relation to 24-hour movement 147 

behaviours, we used the WHO 2019 guidelines for 3.0 to 4.9-year olds stating that 148 

children should, in a 24-hour period: 1) spend at least 180 minutes in physical 149 

activity, of which at least 60 minutes should in MVPA; 2) Spend 10.0-13.0 hours 150 

asleep; 3) Spend no more than 1 hour per day using a screen. Authors of the present 151 

study contacted the corresponding author of one of the eligible studies (Draper et 152 

al., 2017) for clarification of data presented in that study and the corresponding 153 

author graciously provided the information which was subsequently used in the 154 

analysis. Two researchers (JN and JR) independently used the Joanna Briggs 155 

Institute (JBI) checklist of the quality of prevalence studies and assessed the 156 

quality of individual studies (risk of bias) which were included in this review (The 157 

Joanna Briggs Institute, 2009). Minor differences between the two researchers 158 

were resolved by discussion. 159 

 160 

Results 161 

 162 

Eligible studies and study selection process 163 

A total of 2835 and 9 records were found via the database and grey literature 164 

searches, respectively. After de-duplication, 2832 papers were screened for 165 

inclusion. Subsequent to assessing the title and abstract, 2821 were removed from 166 

the record as they did not meet the inclusion criteria. Therefore, 11 articles 167 

remained which were considered for full-text screening. Finally, four studies using 168 

two unique samples were considered to be eligible and included in this systematic 169 

review (2019; Draper et al., Draper et al., 2017; Okyere, 2018; Tomaz, 2018). Of 170 

these four studies, one was conducted in Ghana (Okyere, 2018) and the other three 171 

in South Africa (Draper et al., 2019; Draper et al., 2017; Tomaz, 2018). A 172 

schematic overview of the steps used in the systematic review process is illustrated 173 

in the PRISMA flow diagram presented in Figure 1. The South African studies 174 

were reported in one PhD thesis (Tomaz, 2018) and two published studies (Draper 175 

et al., 2019; Draper et al., 2017). The three studies addressed different research 176 

questions and had slightly different sample sizes - for the present synthesis of 177 

review findings we selected the published study with the largest sample size of 178 

3.0-4.9y olds for physical activity (Draper et al., 2017), and the only publication 179 

which reported screen time (Tomaz, 2018). 180 

 181 



 
Figure 1: Prisma flow diagram.  182 
 183 

 184 

 185 

A narrative synthesis of the studies 186 
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Records identified 
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Searching (n =2835) 

Additional records identified 

through other sources (grey 

literature) (n = 9)   

Records after duplicates 

removed (n=2832) 

Records screened (Title and 

abstract; n=2832) Records excluded  

(n = 2821) 

Full-text articles assessed for 

eligibility (n = 11) 

Full-text articles excluded  

(n = 7) 

1. Non- English language 

publications 

2. Children less than 3.0 

years and above 4.9 years 

3. Children who were not 

typically developing or 

who were unhealthy. 

 

 

 Studies included in a qualitative 

synthesis (n =4) 

Data were collected from South 

Africa (n=1 sample; 3 studies); 

Ghana (n=1) 

 

 

Records duplicated  

(n = 12) 



 

Table 1 summarises the three eligible studies published based on two unique 187 

samples. Neither study reported the levels of compliance with recommendations 188 

in relation to all the three behaviours (physical activity, screen time, and sleep), 189 

though the South African study reported the compliance levels for total volume of 190 

physical activity and screen time (Draper et al., 2019; Draper et al., 2017; Tomaz, 191 

2018). The South African study used convenience sampling in urban and rural 192 

areas and obtained data on the following behaviours: habitual levels of physical 193 

activity, sedentary behaviour, and sleep. The study from Ghana measured habitual 194 

levels of physical activity in pre-school children from a single urban municipality, 195 

but used the parent-reported Global Physical Activity Questionnaire (GPAQ) to 196 

measure levels of physical activity which is intended for adults, not children 197 

(Okyere, 2018).  198 

 199 
Table 1: Summary of eligible studies. 200 

Author/ 

years 

Sample 

size/Age 

(n) 

Data 

Collection 

(years) 

How 

behaviours 

were 

measured 

 

Levels of 

movement 

behaviours 

Comments 

Okyere 

(2018) 

N: 201 

Age: 3-5-

year-olds   

2018 

 

Children’s 

physical 

activity levels 

using the 

GPAQ (parent-

reported) 

54.2% of the 

sample reported 

to do at least 30 

min/day MVPA 

3-5 times/week 

 

Levels of 

physical 

activity and 

compliance 

with 

guidelines 

unclear 

 

Draper et 

al. (2017) 

N: 87 

Age: 3-4 

year-olds 

2012-2014 

 

Physical 

activity and 

sedentary 

behaviour 

measured by 

Actigraph 

GT3X 

accelerometer 

 

90.8% of the 

sample complied 

with the physical 

activity 

recommendation; 

Mean total daily 

physical activity 

446.4 min/day 

(SD 67.6) 

Median daily 

MVPA 109.3 

min/day (SD 

36.5) 

The same 

sample as 

Tomaz et al. 

(2018); 

Samples 

were taken 

from rural 

and urban 

areas 

 

Tomaz 

(2018) 

N: 56 

(screen 

time) 

Age: 3-4 

year-olds 

2012-2014 

 

Screen-time by 

parent 

questionnaire 

  

Mean screen 

time (n 56) 2.0 

hr/day (SD 1.3) 

 

The same 

sample as 

Draper et al. 

(2017); 

sample were 

taken from 

rural and 

urban areas  

 

 201 

Study quality appraisal 202 



 

The study quality appraisal is summarised in Table 2. The eligible studies 203 

generally did not set out with nationally representative prevalence estimates as 204 

their primary aims and consequently did not meet some of the quality criteria in 205 

the JBI checklist. Eligible study samples were not randomly selected or nationally 206 

representative (Draper et al., 2019; Draper et al., 2017; Okyere, 2018; Tomaz, 207 

2018). 208 

 209 
Table 2: Quality appraisal summary using the Joanna Briggs Institute, (JBI) tool (The Joanna 210 
Briggs Institute, 2009). 211 

Criteria  Okyere (2018)  Draper et al. (2017)  Tomaz et al. (2018) 

Sample frame 

appropriate 
NO YES YES 

Participants sampled 

appropriately  
YES NO NO 

Is the sample size 

adequate? 

YES for 

estimating 

prevalence in the 

target population 

only 

YES for purposes of 

an original study, not 

as prevalence estimate 

YES for purposes of 

an original study, 

not as prevalence 

estimate 

Subjects & settings 

described in detail? 
YES 

NO, but in subsequent 

publications 

NO, but in 

subsequent 

publications 

Data analysis 

conducted with 

sufficient coverage? 

NO YES YES 

Valid methods used 

for the identification 

of all the behaviours 

NO 
NO, not for all 

behaviours 

NO, not for all 

behaviours 

Standard, reliable 

method of measuring 

the behaviours in all 

participants 

NO YES YES 

Appropriate statistical 

analysis 

NO, not for a 

prevalence 

estimate 

NO, not for a 

prevalence estimate 

NO, not for a 

prevalence estimate 

Response rate 

adequate/dealt with 
NO YES YES 

 212 
 213 

 214 

Discussion 215 
 216 

The main aim of this systematic review was to quantify the compliance with the 217 

recently published WHO guidelines (April 2019) on habitual levels of the 24-hour 218 

movement behaviours (physical activity, screen time, sleep time) in preschool 219 

children in Sub-Saharan Africa. The results of the systematic review showed that 220 

data on compliance with 24-hour movement behaviours in Sub-Saharan Africa 221 

was very limited, even with relatively broad inclusion criteria which comprised 222 

both subjective and objective measures of the behaviours. No studies examined all 223 

three 24-hour movement behaviours combined and evidence on adherence to the 224 



 

individual components of the guidelines was also limited. Only four studies were 225 

eligible for inclusion in this systematic review (Draper et al., 2019; Draper et al., 226 

2017; Okyere, 2018; Tomaz, 2018), using two unique samples, and one study 227 

could not be used with confidence as the tool used to measure levels of physical 228 

activity (GPAQ) were intended for adults, not children. Childhood obesity in 229 

general, and the 24-hour movement behaviours in particular, may not have been a 230 

high priority for public health research and surveillance in Africa in the past. The 231 

burden of undernutrition and infectious disease, as well as the lack of capacity in, 232 

and focus on, childhood obesity may explain the paucity of evidence identified in 233 

the present review. 234 

 235 

Due to the very limited evidence available for inclusion in this review, results 236 

cannot be compared between countries in Sub-Saharan Africa. However, several 237 

studies have been carried out in high-income countries (HICs) which can be used 238 

for comparison. In a study of 151 Canadian children, the majority of toddlers (age: 239 

19.0 months; SD=1.9 months) met the individual physical activity (99.3%; n=141) 240 

and sleep (82.1%, n=124) recommendations, while only 23 toddlers met the screen 241 

time recommendation (15.2%) (Lee et al., 2017). Similarly, another study in 242 

Canada involving 803 children (mean age: 3.5 years; 95% CI = 3.5, 3.6), showed 243 

a high proportion of children meeting physical activity (61.8%) and sleep (83.9%) 244 

recommendations, but few met the screen time recommendation (24.4 %), while 245 

3.3% did not meet any of the three recommendations (Chaput et al., 2017). Only 246 

12.7% met all three recommendations contained in the guidelines. Results of an 247 

Australian study of 248 preschool children (mean age 4.2 years ± 0.6 years) 248 

showed similar results, with a high proportion of the children meeting physical 249 

activity (93.1%) and sleep (88.7%) guidelines, but fewer children complying with 250 

the screen time guideline (17.3%), and only 14.9% fulfilling all the three 251 

recommendations (Cliff et al., 2017). The GET UP! - A study conducted in 252 

Australia, found that of the 202 toddlers studied (mean age: 19.7 ± 4.1 months), 253 

only 8.9% met the overall 24-hour movement recommendations, high percentages 254 

met physical activity (96.5%) and sleep (79.7%) recommendations, but only 255 

11.4% were compliant with the screen time recommendations (Santos et al., 256 

2017). A recent Belgian study of 1082 pre-schoolers (mean age: 4.2years; SD = 257 

0.02years), of whom 595 had data for all the variables, found that only 10% 258 

complied with all WHO recommendations on weekdays and 4% on weekends and 259 

that compliance with physical activity guidelines among the Belgian pre-schoolers 260 

was low (De Craemer et al., 2018).  261 

 262 

In summary, recent studies of compliance with the 24-hour movement behaviour 263 

guidelines among Canadian and Australian pre-schoolers found that a high 264 

proportion of the children complied with the physical activity and sleep 265 

recommendations, but there was very low compliance with meeting all the three 266 

recommendations; which suggests that screen time was not well complied with. In 267 

contrast, a study of pre-schoolers in Singapore noted that the percentage of 268 

children who failed to meet the sleep recommendations was particularly high 269 



 

(Chen et al., 2019). It is possible that there is a common trend in HICs, but cultural 270 

differences and disparity between studies in the accelerometry cut-offs used to 271 

measure total volume of physical activity and MVPA might play a part in 272 

explaining the discrepant findings between studies. Future research will be needed 273 

to determine whether discrepancies between studies in level of compliance with 274 

WHO guidelines are due to methodological differences or attributable to real 275 

differences between populations (e.g. cultural or environmental differences). 276 

 277 

The South African study included in this review showed high levels of physical 278 

activity with 91% of the sample meeting the guideline for total daily physical 279 

activity, but mean levels of daily screen time were well above the guideline, and 280 

no sleep time data were available. There may be differences in the socio-economic 281 

and cultural environment between studies, which complicate data interpretation. 282 

A large cohort study in Brazil, a middle-income country, suggests that pre-school 283 

children (birth-4years) from higher-income earning families go to bed and wake 284 

up later than children of lower-income families (Netsi et al., 2017). On average 285 

though, the times of going to bed and waking up are shifted by around two hours 286 

later in low and middle-income countries (LMIC’s) compared to families from 287 

HIC’s (Netsi et al., 2017). However, it was also noted that families with lower 288 

income and maternal education tended to have higher rates of co-sleeping (Netsi 289 

et al., 2017). A study (Chaput et al., 2015), suggests that there is a possibility that 290 

in HICs, children’s days are more structured and regulated while in LMICs there 291 

is more flexibility and discretionary time, which might mean that children from 292 

LMICs have less sleep than those from HICs.  293 

 294 

The present review and the research evidence upon which it was based had several 295 

strengths and limitations that are worth mentioning. The main strengths were the 296 

novelty and timeliness of the review as well as the importance of the research 297 

questions. In addition, the review was conducted and reported rigorously, 298 

following PRISMA guidances and a grey literature search. The limitations were; 299 

first, the number of eligible studies was sparse, thus limiting the ability to make 300 

meaningful conclusions about levels of the 24-hour movement behaviour in 301 

preschool children in Sub-Saharan Africa. The main finding of the present review, 302 

which is considered strikingly timely, is that there is a need for more research on 303 

the subject, especially timely since the WHO (2019) guidelines highlight the 304 

importance of the time spent in the behaviours to individual child health and 305 

wellbeing, and to population efforts to tackle obesity and related non-306 

communicable diseases. Second, the quality of studies included in the systematic 307 

review was somewhat limited, but they did not set out to measure compliance with 308 

all of the 24-hour movement behaviour guidelines as their primary aim. There is a 309 

need for research with this specific aim in future, and an international effort to 310 

improve surveillance of the 24-hour movement behaviours among pre-school 311 

children at an early stage (Sunrise Study, 2020). Finally, the searches from the 312 

database and grey literature were limited to research published in English 313 

language, excluding non-English studies. Therefore, it is plausible that studies 314 



 

published in other languages which might have partly met the search criteria, were 315 

they written in English, have been excluded.   316 

 317 

Conclusions 318 

 319 
Few studies have examined the levels of or compliance with 24-hour movement 320 

behaviours in pre-school children in Sub-Saharan Africa to date, and the dearth of 321 

data from Africa in general is a concern. Future research on levels of the 24-hour 322 

movement behaviours among young children in Sub-Saharan Africa should be 323 

conducted. Such studies should consider the principles and practice of obtaining 324 

prevalence estimates with confidence, utilise valid methods, and consider the 325 

possible influence of urban versus rural settings, and socioeconomic status on 326 

compliance with WHO guidelines. 327 
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Appendix 1: An example of a search strategy from Web of Science and it was adapted for the 447 
other two databases.  448 
 449 
1 *Child, Pre-schooler/ 450 
2 *Sleep/  451 
3 *Bed Rest/  452 
4 2 or 3  453 
5 Physical activity.mp.  454 
6 Active play.mp.  455 
7 *Physical Exertion/  456 
8 *running/ or *swimming/ or *walking/  457 
9 5 or 6 or 7 or 8  458 
10 *Sedentary Behavior/  459 
11 sedentary lifestyle.mp.  460 
12 "Physical Inactivity".mp.  461 
13 *Restraint, Physical/  462 
14 10 or 11 or 12 or 13  463 
15 screen time/  464 
16 *Video Games/  465 
17 *television/ or *videodisc recording/ or *videotape recording/  466 
18 computer.mp.  467 
19 "Play Station".mp.  468 
20 DVD*.mp.  469 
21 "electronic gam*".mp.  470 
22 *Smartphone/  471 
23 Ipad*.mp.  472 
24 Laptop*.mp.  473 
25 15 or 16 or 17 or 18 or 19 or 20 or 21 or 23 or 24  474 
26 Afric*.mp.  475 
27 Sub-sahara.mp.  476 
28 26 or 27  477 
29 4 or 9 or 14 or 25  478 
30 1 and 28 and 29    479 
 480 
 481 
 482 
 483 
 484 
 485 
 486 
 487 
 488 
 489 
 490 
 491 
 492 
 493 
 494 
 495 
 496 
 497 
 498 
 499 



 
Appendix 2: Data extraction table 500 

Author/ 

year 

Study 

Design 

Sample 

(N) 

Sample Age 

(mean);  

Behaviour 
Exposure 

Description  

Exposure 

Measurement Type 

Measurement 

Description  
Units 

Baseline 

Mean 

Baseline 

SD 
NOTES 

Draper et 

al. 2017 

Cross-

section N=87 

Age 3-4 years; mean 

age 4.5 y 

Physical 

activity LPA 

Actigraph GT3X+ 

accelerometers 

Actigraph 25-420 

counts/15s,  20 

minutes 

consecutive zeros, 

24h/day, 7 days, 

15s epochs Min/day 337.1 46.8 

Emailed 

author for 

data 3-4-

year-olds 

Draper et 

al. 2017 

Cross-

section N=87 

Age 3-4 years; mean 

age 4.5 y 

Physical 

activity MPA 

Actigraph GT3X+ 

accelerometers Not reported Min/day 83.3 24.4 

Emailed 

author for 

data 3-4 year 

olds 

Draper et 

al. 2017 

Cross-

section N=87 

Age 3-4 years; mean 

age 4.5 y 

Physical 

activity VPA 

Actigraph GT3X+ 

accelerometers Not reported Min/day 25.9 14 

Emailed 

author for 

data 3-4 year 

olds 

Draper et 

al. 2017 

Cross-

section N=87 

Age 3-4 years; mean 

age 4.5 y 

Physical 

activity MVPA 

Actigraph GT3X+ 

accelerometers 

Actigraph > 420 

counts/15s,  20 

minutes 

consecutive zeros, 

24h/day, 7 days, 

15s epochs Min/day 109.3 36.5 

Emailed 

author for 

data 3-4 year 

olds 

Draper et 

al. 2017 

Cross-

section N=87 

Age 3-4 years; mean 

age 4.5 y 

Physical 

activity LMVPA 

Actigraph GT3X+ 

accelerometers 

Actigraph> 25 

counts/15s, 20 

minutes 

consecutive zeros, 

24h/day, 7 days, 

15s epochs Min/day 446.4 67.6 

Emailed 

author for 

data 3-4 year 

olds 

Draper et 

al. 2017 

Cross-

section N=87 

Age 3-4 years; mean 

age 4.5 y 

Physical 

activity LMVPA 

Actigraph GT3X+ 

accelerometers 

Actigraph> 25 

counts/15s, 20 

minutes 

consecutive zeros, 

24h/day, 7 days, 

15s epochs 

% meeting  

180min/day 

guidelines 

           

100%    

weekly 

average; 

98.2% daily   

Emailed 

author for 

data 3-4 year 

olds 

Senyo 

2018 

Cross-

section N=201 

Range 2-5 years; 

mean age 3.9 y 

Physical 

activity MPA  

WHO Global 

Physical Activity 

Questionnaire 

Categorical at 

least 30min 

MVPA per day %  

Not at all: 

7.5%; 1-2 

times 

38.3%; 3-5   MPH thesis 



 
times 

17.4%; all 

week 

36.8% 

Senyo 

2018 

Cross-

section N=201 

Range 2-5 years; 

mean age 3.9 y 

Physical 

activity VPA 

WHO Global 

Physical Activity 

Questionnaire 

Categorical at 

least 60 min VPA 

per day % 

Not at all: 

11.9%; 1-2 

times 

39.8%; 3-5 

times 

24.9%; all 

week 

23.4%   MPH thesis 

Tomaz 

2018 

Cross-

section N=56 Age 3-4 years Screen time 

Screen time 

Parent questionnaire 

Not validated 

questionnaire hr/day 2 1.3 PhD thesis 

Draper et 

al. 2019 

Cross-

section 

Same sample as Draper et al., 

2017                 
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 504 
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