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1. Abstract 1 

Background: Type 2 diabetes mellitus (T2DM) is a worldwide public health problem. Shared risk factors (e.g., 2 

low physical activity levels) between parents at risk and their children should be addressed to prevent the 3 

development of the disease. The aim of this study was to determine the association of objectively measured step 4 

counts per day between parents at risk of developing T2DM and their 6- to 10-year-old children.  5 

Methods: Baseline data from the “Families across Europe following a Healthy Lifestyle 4 Diabetes prevention” 6 

(Feel4Diabetes-study) study were analyzed. Two hundred fifty dyads of children and one parent (54.4% girls and 7 

77.6% mothers) from Belgium were included. Step counts per day during 5 consecutive days (3 weekdays and 2 8 

weekend days) from parents and their children were objectively measured with ActiGraph accelerometers.  9 

Results: Adjusted linear regression models indicated that parents’ and children’s step counts were significantly 10 

associated during all days (β=0.245), weekdays (β=0.205), and weekend days (β=0.316) (p<0.002 in all cases). 11 

Specifically, mother-daughter associations during all days (β=0.294) and weekend days (β=0.418) (p<0.001 in 12 

both cases) and father-son step counts during weekdays (β=0.422) and when considering all days (β=0.467) were 13 

significant (p<0.02 in both cases). 14 

Conclusion: There is a positive association between step counts from adults at risk of developing T2DM and their 15 

children, especially in the mother-daughter and father-son dyads. 16 

What is known 17 

- T2DM is a worldwide public health problem. 18 

- Parental physical activity practice may be reflected in their children. 19 

What is new 20 

- Associations between total steps per day of adults at risk of developing T2DM and their children are 21 

positive and significant, especially between mothers and their children.  22 

- Adults at risk of developing T2DM have low compliance with current step count recommendations and 23 

so do their children. 24 

 25 
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List of abbreviations in alphabetical order  29 

BAz: z-Score of body mass index 30 

BMI: Body Mass Index 31 

Feel4Diabetes-study: Families across Europe following a Healthy Lifestyle 4 Diabetes prevention Study 32 

FINDRISC: Finnish Diabetes Risk Score 33 

PA: Physical Activity 34 

T2DM: Type 2 Diabetes Mellitus 35 
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2. Text  52 

1. Introduction  53 

Type 2 diabetes mellitus (T2DM), long considered an uncommon and unperceived disease, is nowadays an 54 

important international public health problem and one of the major health challenges of the 21st century 1. It can 55 

even be considered, along with obesity, as the greatest chronic disease epidemic in the history of humanity 1.  56 

Family history of T2DM is an important risk factor for developing the disease, however, these genes seem to be 57 

able to account for 5-10% for T2DM and approximately 4% for obesity, which means that even though there is a 58 

genetic link to the inheritance of T2DM, epigenetics and the environment are also likely to interact to define the 59 

individual risk of disease 2. Independent risk factors for the development of T2DM in adults include being over 45 60 

years old, being overweight or obese, hypertension, or dyslipidemia and 3 other environmental factors such as the 61 

quality of diet, increased monitor viewing time, short or disturb sleep, smoking, stress, depression, low 62 

socioeconomic status and being physically inactive 4. 63 

It must be acknowledged that there is an increased prevalence of T2DM in younger adults, and evidence is 64 

accumulating that young-onset T2DM has a more aggressive disease phenotype, leading to premature development 65 

of complications with adverse effects on quality of life 5. Screening for prediabetes and T2DM with validated tools 66 

in adults is recommended to identify those at risk as soon as possible. Fortunately, once the risk for developing 67 

T2DM is established, the progression of T2DM is not inevitable, given that it can be prevented through lifestyle 68 

behavior changes, such as a healthy diet and sufficient levels of physical activity (PA) 6. Therefore, the American 69 

Diabetes Association base their recommendations for adults at high risk of developing T2DM on modest lifestyle 70 

changes such as diet modifications and PA 7,8. In terms of PA, an increase in total steps per day combined with 71 

other lifestyle changes, like making healthy reductions in total caloric and fat intake and reducing the consumption 72 

of sugar-sweetened beverages, can reduce the risk of T2DM through the loss of weight, changes in body 73 

composition, and positive changes in insulin sensitivity and utilization 9. 74 

In this aspect, parents serve as important role models given that parental attitudes and behaviors regarding PA and 75 

nutrition can have a substantial positive or negative impact on the lifestyle behaviors of their children 10. In a 76 

previous study in which families from Pennsylvania were identified according to dietary characteristics and PA of 77 

parents, it was shown that 5- to 7-year-old daughters from parents that reported low levels of PA had a significantly 78 

higher Body Mass Index (BMI). This shows that parental lifestyle is associated with children’s health outcomes 79 

such as weight status 11. A previous study from a rural community in the United States looking at the associations 80 
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between parents’ and children’s steps per day showed that mothers’ and fathers’ steps per day were significantly 81 

and positively associated with children’s steps per day (p<0.02). This means that parental PA behavior is associated 82 

with the PA behavior of their children 12. 83 

Positive associations in PA levels between parents and their 6- to 11-year-old children have been observed when 84 

analyzing the number of steps reached on all days, on weekend days, and after 3:00 PM on weekdays 13. 85 

Nevertheless, Brouwer et al. found that maternal PA was significantly related to PA in girls but not in boys, and 86 

that in fathers, PA levels were predominantly related to PA in their sons, concluding that interventions could focus 87 

on the PA of the parent of the same sex 14. Similar results were found by Bringolf-Isler et al., with the exception 88 

that the association of mothers’ and children’s PA did not depend on the parent-offspring sex-match 15. 89 

However, some opposite results have been found in a study conducted by Djafarian et al. in 2- to 6-year-old 90 

children and their parents, in which associations of PA between children and their parents were not significant 91 

except for morning activity, which was positively related to the mothers’ morning activities 16. The association 92 

between parental PA levels and PA levels of their children may be an important factor in the prevention of T2DM 93 

in the family environment, as studying it would allow us to identify noncompliance with recommendations and to 94 

motivate them to comply with current PA recommendations. Nevertheless, it remains unclear if PA levels of 95 

children from parents with a higher risk of developing T2DM are associated with their parents’ PA levels. 96 

Therefore, the present study aimed (I) to assess the association between step counts from parents with a higher risk 97 

of developing T2DM with their children’s step counts on weekdays, weekend days, and the average of all days (3 98 

weekdays and 2 weekend days), (II) to assess if there is an association between parents’ and children’s compliance 99 

with current step count recommendations and (III) to assess the sex-specific associations between steps per day in 100 

the following types of dyads: (a) mother-son, (b) mother-daughter, (c) father-son (d) father-daughter. 101 

 102 

 103 

 104 

 105 
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2. Materials and methods 106 

2.1 Study design 107 

Cross-sectional data from the “Families across Europe following a Healthy Lifestyle 4 Diabetes prevention” study 108 

(Feel4Diabetes-study) were analyzed for the present study (www.feel4diabetes-study.eu)17. The Feel4Diabetes-109 

study is registered in the clinical trials registry: NCT02393872 110 

(https://www.clinicaltrials.gov/ct2/show/NCT02393872). This project aimed to develop, implement, and evaluate 111 

a school- and community-based intervention to prevent T2DM among families from low- and middle-income 112 

countries and vulnerable populations in high-income countries in Europe. The participating countries from the 113 

Feel4Diabetes-study were Belgium, Bulgaria, Finland, Greece, Hungary, and Spain. Each center used the monitors 114 

they had available before conducting the study, and therefore, devices were different across countries. In order to 115 

obtain consistent results, valid objectively measured PA data from Belgium was used in this study because this 116 

was the center that collected most of the available data. 117 

 Longitudinal data collection was performed once per year between May 2015 and June 2018, while the data 118 

presented in this study correspond to the baseline survey carried out in 2015. Children attending the first 3 grades 119 

of primary school (7- to 10-year-old children) and their families were recruited in January 2015. Adults from 120 

participating families were classified into the “low-risk group” or the “high-risk group” according to the potential 121 

risk of developing T2DM estimated by the Finnish Diabetes Risk Score (FINDRISC), which is a simple, fast, 122 

inexpensive, noninvasive, and reliable tool to identify individuals at higher risk for T2DM in the next 10 years 18. 123 

The FINDRISC includes questions regarding age, BMI, waist circumference, PA, fruit and vegetable consumption, 124 

use of medication for hypertension, hyperglycemia background, and family history of T2DM. Families with 1 or 125 

2 adults that obtained a score > 9 in the FINDRISC were classified as “high-risk families.” 126 

2.2 Participants 127 

Dyads of adults with a “high-risk score” and their children were asked to participate in the PA assessment by 128 

wearing accelerometers, which collected step count measurements for 5 consecutive days. In Belgium, only one 129 

parent per child was evaluated. This was performed by considering the parent with the highest FINDRISC-score. 130 

If there was a family with 2 high-risk parents and 2 children, 1 high-risk parent was allocated to each child.  131 

Inclusion criteria for participants were set, this meant that both children and parents had to have data regarding the 132 

number of steps and the days of use of the device. 133 

https://www.clinicaltrials.gov/ct2/show/NCT02393872
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Parents and children who did not wear the device during the requested 5 days and those that reported having T2DM 134 

or having had gestational diabetes were excluded from the analyses. 135 

2.3 Measures 136 

Physical activity: PA was assessed using ActiGraph GT1M, GT3X, and GT3X+ accelerometers, which have been 137 

demonstrated to have a valid step count function in adults 19 and young people 20. In both the adults and the children, 138 

the monitor was positioned over the left hip and maintained in position with an elasticized belt. These devices do 139 

not have an external display, so the user is blinded to the information that the device is gathering. 140 

Researchers from the Feel4Diabetes-study went to the participating schools between April and June 2016 (spring 141 

months) during regular school days to give both the adults’ and children’s devices to the participating children. 142 

The children were instructed on how to wear them, as well as receiving written instructions for their use. Children 143 

were told to wear the device for 7 whole days starting on the fitting day and to bring them back to school after this 144 

period. The researchers made sure that the weekend was included in the measurement days. 145 

Participants were told to use the device during all waking hours, except for water-based activities, like showering, 146 

bathing, or swimming. If they engaged in activities in which it was unsafe to wear the device (e.g. martial arts or 147 

football), they were told that they could remove it. Children were also given another accelerometer for their 148 

parent(s), as well as 1 diary per device in order to write complementary information regarding PA. The parent of 149 

each participating child involved was asked to record his or her own diary, as well as his or her child’s information 150 

regarding the accelerometer or pedometer use, nevertheless, this information has not been included in these 151 

analyses. 152 

Data recorded during the first (1st) and last (7th) days were omitted from the analysis, so PA was monitored during 153 

5 consecutive complete days. Cutoffs of >1000 steps and < 30000 steps were determined to consider cases as valid 154 

or not 21. Step count means were calculated for 3 periods: (I) Average days: average step counts for 5 days including 155 

3 weekdays and 2 weekend days ((weekday1 + weekday2 + weekday3 + weekend day1 + weekend day2)/5) (II) 156 

Weekdays: average step counts for 3 weekdays ((weekday1 + weekday2 + weekday3)/3), (III) Weekend: average 157 

step counts for Saturdays and Sundays ((weekend day1 + weekend day2)/2). 158 

Step count recommendations: To study compliance with step count recommendations, results from the study of 159 

Tudor-Locke et al. were used. Regarding sex-specific considerations, the authors suggested that the 160 

recommendation would be 13000 to 15000 steps per day in male primary/elementary school children and 11000 161 
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to 12000 steps per day in female primary/elementary school children 22. For adults, a minimum of 10000 steps per 162 

day was considered to fulfill current recommendations for both males and females 23. 163 

Body Mass Index and (BMI) Body Mass Index Z-score (BAz): Parental weight and height were measured 164 

during the first intervention session in the healthcare center, and children’s weight and height were measured in 165 

their school during the researchers’ visit. Parents’ and children’s height and weight were measured by a calibrated 166 

stadiometer (Seca 813 and 877, Hamburg, Germany) and a portable digital scale (Seca 213, 214, 217, and 225, 167 

Hamburg, Germany) in duplicate by trained research staff. BMI was calculated using the formula weight 168 

[kg]/height2 [m], and children’s BAz were determined according to the World Health Organization growth 169 

standards 24. 170 

Demographic variables: Children’s age (6-10 years) and sex (boy or girl), and parental age (<45, 45-54, 55-64, 171 

and >65 years) and sex (father or mother) were tested as potential confounders. Educational level in years was 172 

classified in 2 categories (less than 13 years and 13 or more years) according to the highest level of education 173 

obtained by one of the parents, which may or may not be the parent included in this study. By doing this, we 174 

obtained the highest level of education obtained by 1 member of the family. Parental BMI and education were 175 

included in the adjusted linear regression analyses after confirming that there were significant differences across 176 

categories of BMI in the mean of step counts of all days from adults and in the education categories in the mean 177 

of step counts of weekend days in both children and parents (File 3). 178 

2.3 Data analysis 179 

Descriptive analyses were carried out with the statistical package IBM SPSS Statistics for Windows, version 26 180 

(SPSS Inc., Chicago, IL. USA). Firstly, children’s (n=441) and parents’ (n=441) data were assessed for validity 181 

separately, this meant having 5 days of data with the minimum number of steps per day required (1000 steps) and 182 

not exceeding the maximum number of steps established (30000 steps). After this process, a total of 250 parent-183 

child dyads with complete data were selected. 184 

Descriptive statistics were computed for children and their parents, and differences between sex and parent-child 185 

dyads were examined. Continuous data were analyzed with t-tests or ANOVA (in case of normally distributed 186 

data) or Mann-Whitney U or Kruskal-Wallis tests (in case of abnormally distributed data), and categorical data 187 

were analyzed with X2 tests (Table 1 and Table 2). 188 

Crosstabs were conducted to compare the percentage of parent-child dyads that complied with the step count 189 

recommendations (Table 3). Bivariate Spearman correlation analysis and unadjusted linear regressions between 190 
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children’s steps per day and parents’ steps per day were examined, and results are presented in the supplementary 191 

section (File 1 and File 2). Separate adjusted linear regressions were performed to analyze the predictor capacity 192 

of parental steps per day on children’s steps per day, considering all parents with all children and specific dyads, 193 

and including parental BMI, and education as covariates (Table 4). All statistical analyses were performed using 194 

IBM SPSS version 26, and statistical significance was set at 0.05. 195 

3. Results  196 

In total, 250 dyads of children and their parents from Belgium were included in the study. Sociodemographic 197 

characteristics of the sample are shown in Table 1. In adults, fathers were older (p=0.002) and presented 198 

significantly higher BMI than mothers (p=0.037). 199 

In Table 2, average step counts and frequencies of compliance of age-specific recommendations of adults and 200 

children are presented. In the adults’ group, no significant differences in the total number of steps in the 3 201 

categories (i.e. weekdays, weekend days, and all days), were found (p>0.05). In the children’s group, boys reached 202 

significantly more steps per day than girls on weekdays (12098.1±2988.8 steps vs. 10501.6±2542.4; p=0.000), on 203 

weekend days (9929.1±3968.6 vs. 8784.9±3226.4, p=0.032), and when considering all days together 204 

(11230.52±2719.1 vs. 9814.9±2268.4). 205 

Frequencies and percentages of participants complying with recommendations of steps per day are presented in 206 

Table 2. During weekdays, 26.8% of adults complied with the step count recommendations (i.e. 10000 steps per 207 

day), while only 18.4% of adults complied with the recommendations on weekend days. Children presented higher 208 

compliance with step count guidelines compared to adults on weekdays (39.6% vs. 26.8%), weekend days (22.4% 209 

vs. 18.4%), and all days (26.4% vs. 23.2%). No significant differences were observed between mothers and fathers 210 

and girls and boys in terms of steps per day compliance. Dyads of parent-child complying with step count 211 

recommendations are presented in Table 3. The percentage of compliance in all dyads considering all days was 212 

low (11.2%), but especially during the weekend (8.4%).  213 

Since the variables of steps per day were not normally distributed, Spearman correlations were performed to 214 

analyze the association between children’s steps per day and parents’ steps per day. Correlation coefficients in the 215 

supplementary section File 1 show that there are significant positive low correlations between mothers and girls 216 

in steps per day on weekend days (r=0.39; p<0.01) and on all days (r=0.34; p<0.01). Significant positive 217 

correlations were also found in the father-girl dyad on weekend days (r=0.50, p=0.01) and in the father-boy dyad 218 
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on all days (r=0.43, p=0.02). When analyzing all dyads, correlations were significant on weekdays, weekend days, 219 

and the average of all days (r=0.18, r=0.30 and r=0.27 respectively; p<0.01 in all cases). 220 

Coefficients of univariate unadjusted linear regression analyses, performed to analyze the predictor capacity of 221 

parental steps per day on children’s steps per day, are presented in the supplementary section File 2. As expected, 222 

all unstandardized beta coefficients were positive and significant when analyzing whether parental steps per day 223 

were associated with children’s steps on weekdays (β=0.206, p=0.001), on weekend days (β=0.346, p=0.000), and 224 

when considering all days (β=0.259, p=0.000). In relation to specific dyads, significant associations were observed 225 

in the mother-girl dyads for weekdays (β=0.186, p=0.031), weekend days (β =0.419, p=0.000), and all days 226 

(β=0.295, p=0.000). Significant associations were also observed in the father-boy dyads on weekdays and when 227 

considering all days (β=0.396, p=0.011 and β=0.448, p=0.017, respectively). 228 

Table 4 displays results from the separate adjusted linear regression analyses for models assessing associations 229 

between parents’ and children’s step counts adjusted by parental BMI and education during weekdays and weekend 230 

days and when considering all days together. Significant associations were observed between parents and their 231 

children on weekdays (β=0.205; [0.077;0.334], p=0.002), on weekend days (β=0.316; [0.168; 0.464], p=0.000), 232 

and when considering all days (β=0.245; [0.110; 0.464], p=0.000). These results can be interpreted as follows: for 233 

every 1000 increase in total steps per day that parents walk, children walk on average 244 more steps. Regarding 234 

specific parent-child dyads, in the mother-daughter dyad, significant associations were found on weekend days 235 

(β=0.418; [0.223; 0.613], p=0.000) and on all days (β=0.294; [0.117; 0.471], p=0.001). In the father-son dyad, 236 

significant associations were observed on weekdays (β=0.422; [0.104; 0.740], p=0.012) and when considering all 237 

days (β=0.467; [0.082; 0.852], p=0.020). Unadjusted linear regressions are presented in File 3 and when comparing 238 

results with the adjusted models, we can confirm that the adjustments for potential confounders did not alter these 239 

results.  240 

 241 

 242 

 243 

 244 

 245 

 246 
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Discussion 247 

The present study identified associations between the step counts of parents at high risk of developing T2DM with 248 

the step counts of their 6- to 10-year-old children. T2DM risk is a shared risk between adults and their children 249 

because families share their genetic backgrounds and lifestyle habits. PA plays an important role in the prevention 250 

of T2DM; therefore, it is important to investigate the PA levels of adults at risk of developing T2DM and their 251 

children. To the authors’ knowledge, this is the first study to examine associations between the step counts of 252 

adults at risk of developing T2DM and their children’s step counts. 253 

On average, children accumulated approximately 11237 steps per day, which is similar to results from a previous 254 

study 25, in which mean step counts of 9- to 10-year-old children ranged from 9746 to 11251 steps per day 255 

depending on the type of transport they used to go to school. Across all ages, boys accumulated more steps than 256 

girls, this has previously been found in  studies conducted in  children from Greece 26 and in from the  USA27. 257 

Regarding parents, mean step counts in all days (8106 steps per day) was similar to the mean of step counts found 258 

in a representative sample of Japanese 30 – 49 year-old adults, that ranged between 7800 and 8127 per day 28.  259 

The main findings of this study show that there is a positive association between parents’ and children’s step 260 

counts, especially between mothers and daughters during all days (including weekdays and weekend days) and 261 

between mothers and sons during weekend days. This is comparable with a previous study 29 in a healthy sample 262 

of parents and children from the Czech Republic also showing that correlations of steps per day during weekdays 263 

in children and their parents were positive but low, and more specifically significant between mothers and 264 

daughters, mothers and sons, and fathers and sons. Another study 30, aiming to assess parent-adolescent patterns 265 

of PA, sedentary behaviors, and sleep among overweight and obese adolescents showed that parent-adolescent 266 

moderate to vigorous PA was significantly associated on weekdays and weekend days, nonetheless, total step 267 

count associations appeared to be non significant. This confirms that at older ages and considering different 268 

conditions, such as overweight or obesity associations may vary over time. This also confirms the fact that it is 269 

important to target both parental PA and children’s PA in healthy populations as well as populations with a higher 270 

risk for the development of chronic diseases so that preventive interventions can be implemented for adults at risk 271 

and children that may be at risk in the future. 272 

Results indicated that during the weekend, the association of step counts between children and their parents was 273 

higher than during weekdays (β=316, p=0.000 vs. β=0.205, p=0.001). These results are comparable of those in 274 

another study, where associations between parents´ and 8-year-old children´s step counts were evaluated through 275 
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adjusted regression models, the effect was significant in the parent-boy and the parent-girls dyads, both in 276 

weekdays and weekends days but coefficients were relatively small, eventhough the study sample was 277 

representative from the study´s population 13.  278 

This may be explained by the fact that during the weekend days children are more likely to be with their parents; 279 

that is also the case after school and during the evening 13. Whereas weekday routines are consistent and similar 280 

for children (school) and parents (work, housework) most of the time. 281 

Consequently, future research should analyze the effect of interventions aiming to prevent the development of 282 

T2DM in adults at risk and their children considering that steps per day in children start to decline with age 31. We 283 

consider that our main findings are the low compliance of steps per day of both parents and their children and, 284 

even though weak positive associations between step counts of mothers at risk and their daughters and fathers at 285 

risk and their sons were found, this could indicate the beginning of parental PA levels as an external factor of 286 

influence on children’s PA level. We must acknowledge that in this study, the differences in sample sizes of 287 

specific dyads may have an influence on the results found, given that the mother-daughter dyad was the most 288 

prevalent. However, given that significant associations were also found in the father-son dyad, we can conclude 289 

that gender parent-child resemblance may explain these differences. This confirms the need for early prevention 290 

interventions among adults at risk of developing T2DM in the future and their children, especially among 291 

vulnerable populations such as this in Europe such vulnerable populations in Europe. Knowing that associations 292 

between parental step counts and their children’s step counts exist, for future research, it would be interesting to 293 

address not only the changes in children’s PA levels after a lifestyle intervention but also the changes in the parent-294 

child associations. Also, the determinants of these associations could be addressed so that interventions can be 295 

more personalized and efficient in each country. 296 

Despite the fact that this study found higher associations between mothers and their children, a previous study 297 

about a PA program that aimed to increase PA behavior in preadolescent girls showed that they would benefit 298 

from a meaningful engagement of fathers 32, which confirms that fathers also play a key role in the improvement 299 

of PA levels. Given that there is evidence showing that there are associations between children’s and parents’ co-300 

TV viewing and total screen time 33 and inactivity 34, for future studies, we think it would be relevant not only to 301 

assess objective PA levels but also to measure 24-hour movement behaviors considering current 302 

recommendations35 so that sedentary behaviors and sleep can also be addressed to establish associations between 303 

children and their parents. 304 
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The current study has some limitations. First, the aim of the Feel4Diabetes-study was to develop an evidence-305 

based intervention for adults at high risk of developing T2DM, which means that we only have objective PA data 306 

for families at higher risk of T2DM. This means that it is not possible to compare these associations with families 307 

at low risk of developing T2DM or to compare these associations with families that have T2DM. Secondly, cross-308 

sectional analyses of the data indicate that causal associations cannot be assumed. Future studies aiming to decrease 309 

the risk of developing T2DM should assess changes in physical activity levels in both children and their parents 310 

longitudinally. On the other hand, even though participants of this study did not report any important movement 311 

limitation, in this study, no evaluation before the assessment with accelerometers was performed in children or 312 

their parents. This is something that should be addressed in order to adjust the data by confounding factors like 313 

movement limitations or illnesses associated with the performance of daily activities. 314 

This study also has some strengths. Firstly, objectively assessed PA data for children and their parents were 315 

obtained, this provides high-quality information about PA. Another strength is that highly trained staff, including 316 

sports scientists, dietitians, nurses, and medical doctors, performed all measurements. Finally, a further strength 317 

of this study is that associations have been addressed in 4 types of adult-child dyads, which is important because 318 

we could observe differences between mothers and fathers with their children and establish stronger associations 319 

between mothers and daughters and fathers and sons. 320 

 321 

The results of this study indicate that most adults at risk of developing diabetes do not comply with current 322 

recommendations of steps per day and neither do their children, who may be affected not only by the genetic risk 323 

of diabetes but also by the inherited habit of not being physically active. On the other hand, results showed that 324 

there are parent-child associations of steps per day on weekdays, weekend days, and all days. We should 325 

acknowledge that mothers present stronger associations with their daughters and fathers with their sons, but it does 326 

not exclude the fact that both parents play an important role in sharing lifestyle habits with their children. The 327 

positive associations found between step counts from child-parent dyads from the Feel4Diabetes-study, confirm 328 

the need for early prevention interventions among adults at risk of developing T2DM in the future and children 329 

from high SES countries like Belgium. A feasible intervention strategy  could be targeting co-PA can be to increase 330 

PA levels in families at high risk of developing T2DM in the future.  331 

Health providers should always remind patients that there are recommendations of minimum step counts per day, 332 

but no upper limit is yet known, so the more the better. Every step counts. 333 
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1. Tables 

Table 1. Participant characteristics 

 Adults  Children 

 Total Mothers Fathers p  Total Girls Boys p 

% (n) 100 (250) 77.6 (194) 22.4 (56) -  100 (250) 54.4 (136) 45.6 (114) - 

Age, y 39.4±5.2(236) 38.7±4.4(181) 41.8±6.7(55) 0.002  8.0±0.9(241) 8.0±0.9 (131) 8.0±0.9 (110) 0.884 

BMI (Kg/m2) 27.7±5.2(216) 27.4±5.5(164) 28.5±4.0(52) 0.037  16.9±2.45(241) 17.2±2.6 (131) 16.6±2.3 (110) 0.090 

BMI Z-Score - - - -  0.47±1.1(241) 0.54±1.1 (131) 0.37±1.1 (110) 0.105 

Normal 36.8 (81) 40.4 (68) 25.0 (13)   70.1 (169) 65.2 (85) 76.4 (84)  

Overweight 32.3 (71) 29.8 (50) 40.4 (21) 0.118  20.7 (50) 25.0 (33) 15.5 (17) 0.142 

Obesity 30.9 (68) 29.8 (50) 34.6 (18)   9.1 (22) 9.8 (13) 8.2 (9)  

Education %,n          

Low 13.0 (31) 13.0 (24) 13.0 (7) 

0.998 

- - - 

- 

High 87.0 (208) 87.0 (161) 87.0 (47) - - - 

Parent -child dyads % (n) 

Daughters 

Sons 

 

43.6 (109) 

34.0 (85) 

 

10.8 (27) 

11.6 (29) 

     

Means and standard deviations are presented for continuous variables, percentages and frequencies are presented for categorical variables. For adults, 
categories of BMI and for children, categories of sex-specific BAZ are presented, both according to the World Health Organization references. p-values 

in bold represent differences between mothers and fathers and between girls and boys. 

 525 

 526 

 527 

 528 

Table 2. Mean ± SD of steps/day and compliance % (n) with current step count recommendations of step counts per day for children and their parents 

  Adults     Children   

 Total Mothers Fathers p  Total 

(250) 

Girls 

(136) 

Boys 

(114) 

p 

aWeekdays 8585.8±2993.0(250) 8587.78±2898.4(194) 8578.9±3328.3(56) 0.955  11237.4±2852.3(250) 10501.6±2542.4(136) 12098.1±2988.8(114) 0.000 

bYes 26.8 (67) 20.0 (50) 6.8 (17)  

0.495 

 39.6 (99) 40.4 (55) 38.6 (44)  

0.766 
bNo 73.2 (183) 57.6 (144) 15.6 (39)  60.4 (151) 59.6 (81) 61.4 (70) 

aWeekend 7387.5±3287.9(250) 7283.7±3217.4(194) 7746.9±3527.9(56) 0.339  11229.6±2862.4(250) 8784.9±3226.4(136) 9929.1±3968.6(114) 0.032 
bYes 18.4 (46) 12.4 (31) 6.0 (15)  

0.066 

 22.4 (56) 22.1 (30) 22.8 (26)  

0.888 
bNo 81.6 (204) 65.2 (163) 16.4 (41)  77.6 (194) 77.9 (106) 77.2 (88) 

aAll days 8106.5±2593.5(250) 8066.16±2541.9(194) 8246.1±2784.3(56) 0.510  10460.4±2577.6 9814.9±2268.4 (136) 11230.52±2719.1(114) 0.000 

bYes 23.2 (58) 6.8 (17) 16.4 (41)  

0.150 

 26.4 (66) 27.2 (37) 25.4 (29)  

0.752 
bNo 76.8 (192) 15.6 (39) 61.2 (153)  73.6 (184) 39.6 (99) 74.6 (85) 

Means and standard deviations are presented for continuous variables, frequencies and percentages are presented for categorical variables. a = Number of steps per day, b= Compliance of recommendations of steps per day. 

Recommendations of steps per day of Tudor-Locke et al. 2004 and 2011 were used for adults and children, respectively (>10000 steps/day for adults, >13000 steps/day for boys and >11000 steps/day for girls) p-values in bold 

represent differences between mothers and fathers and between girls and boys. Abbreviations: SD: standard deviation. 
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Table 3. Crosstabs of compliance with steps/day recommendations between children and their parents 

 Girls Boys Children 

 n (%) 

Weekdays    

Mothers 16 (14.7) 9 (10.6)  

Fathers 3 (11.1) 4 (13.8) 

Parents   32 (12.8) 

Weekend days    

Mothers 8 (7.3) 9 (10.6)  

Fathers 2 (7.4) 4 (13.8)  

Parents   21 (8.4) 

All days    

Mothers 11 (10.1) 6 (7.1)  

Fathers 0 (0) 3 (10.3)  

Parents   28 (11.2) 

Frequencies and percentages of parent-child dyads that comply with recommendations. Recommendations of steps per day of 

Tudor-Locke et al. 2004 were used for adults (>10000 steps/day) and Tudor-Locke et al. 2011 for children (>13000 steps/day in 
boys and >11000 steps/day in girls). No significant associations were observed in compliance between dyads (p>0.05 in all cases). 
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Table 4. Associations between parental and children´s number of steps per day. Results from adjusted multiple linear regression models 

 Unstd. β Std. β 95% CI p value 

Parental steps/day in weekdays 0.205 0.213 [ 0.077; 0.334] 0.002 

Parental steps/day in weekend days 0.316 0.284 [0.168; 0.464] 0.000 

Parental steps/day in all days 0.245 0.244 [0.110; 0.380] 0.000 

Maternal steps/day in weekdays in girls 0.169 0.186 [-0.018; 0.357] 0.076 

Maternal steps/day in weekend days in girls 0.418 0.427 [0.223; 0.613] 0.000 

Maternal steps/day in all days in girls 0.294 0.339 [0.117; 0.471] 0.001 

Paternal steps/day in weekdays in girls 0.190 0.252 [-0.152; 0.533] 0.261 

Paternal steps/day in weekend days in girls 0.283 0.371 [-0.074; 0.604] 0.114 

Paternal steps/day in all days in girls 0.195 0.247 [-0.181; 0.571] 0.293 

Maternal steps/day in weekdays in boys 0.209 0.197 [-0.052; 0.469] 0.115 

Maternal steps/day in weekend days in boys 0.144 0.096 [-0.215; 0.502] 0.427 

Maternal steps/day in all days in boys 0.147 0.123 [-0.150; 0.443] 0.328 

Paternal steps/day in weekdays in boys 0.422 0.518 [0.104; 0.740] 0.012 

Paternal steps/day in weekend days in boys 0.360 0.318 [-0.084; 0.804] 0.107 

Paternal steps/day in all days in boys 0.467 0.471 [0.082; 0.852] 0.020 

Results from separate multiple linear regression models. Unstd, unstandardized; Std, standardized; CI, confidence interval. β 

coefficient, confidence intervals at 95% and p-values are presented. All models are adjusted by parental BMI and maximum familiar 
educational level Sample size: 215, Dyad of mothers and girls =94, Dyad of fathers and girls =25, Dyad of mother and boys = 70 and 

dyad of fathers and boys =26. 
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File 1. Bivariate Spearman correlations between parental and children’s steps/day 

 Girls Boys All 

 Correlation coefficient (p value) 

Weekdays    

Mothers 0.18 (0.06) 0.13 (0.22)  

Fathers 0.17 (0.40) 0.36 (0.05) 

Parents   0.18 (0.01) 

Weekend days    

Mothers 0.39 (0.00) 0.19 (0.09)  

Fathers 0.50 (0.01) 0.37 (0.05)  

Parents   0.30 (0.00) 

All days    

Mothers 0.34 (0.00) 0.21 (0.06)  

Fathers 0.28 (0.15) 0.43 (0.02)  

Parents   0.27 (0.00) 

p-values in bold represent  significant values. 
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File  2. Associations between parental and children´s number of steps per day. Results from unadjusted multiple linear regression models 

 Unstd. β Std. β 95% CI p value 

Parental steps/day in weekdays 0.206 0.215 [0.089; 0.323] 0.001 

Parental steps/day in weekend days 0.346 0.314 [0.215; 0.477] 0.000 

Parental steps/day in all days 0.259 0.261 [0.139; 0.379] 0.000 

Maternal steps/day in weekdays in girls 0.186 0.207 [0.018; 0.355] 0.031 

Maternal steps/day in weekend days in girls 0.419 0.440 [0.255;0.583] 0.000 

Maternal steps/day in all days in girls 0.295 0.347 [0.142; 0.447] 0.000 

Paternal steps/day in weekdays in girls 0.161 0.216 [-0.139; 0.461] 0.280 

Paternal steps/day in weekend days in girls 0.287 0.368 [-0.012; 0.585] 0.059 

Paternal steps/day in all days in girls 0.190 0.243 [-0.122; 0.502] 0.221 

Maternal steps/day in weekdays in boys 0.198 0.194 [-0.020; 0.417] 0.075 

Maternal steps/day in weekend days in boys 0.245 0.176 [-0.054; 0.543] 0.543 

Maternal steps/day in all days in boys 0.203 0.180 [-0.040; 0.447] 0.100 

Paternal steps/day in weekdays in boys 0.396 0.466 [0.099; 0.693] 0.011 

Paternal steps/day in weekend days in boys 0.396 0.351 [-0.021; 0.813] 0.062 

Paternal steps/day in all days in boys 0.448 0.441 [0.088; 0.808] 0.017 

Linear regressions were performed separately. β coefficient, confidence intervals at 95% and p-values are presented. Total sample = 250 

children and parents. Dyad of mothers and girls =109, Dyad of fathers and girls =27, Dyad of mother and boys = 85 and dyad of fathers 
and boys = 29. 
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File 3. Differences in steps per day in adults and children according to potential confounders 

 Step counts in adults, Mean ± SD (n)  Step counts in children, mean ± SD (n) 

 Weekdays Weekend days All days  Weekdays Weekend days All days 

Education 

Low 

High 

M-W 

8384.0±2967.6(31) 

8665.89±3039.9(208) 

0.865 

M-W 

6038.38±2356.2(31) 

7762.51±3313.9(208) 

0.004 

M-W 

7445.74±2155.5(31) 

8304.47±2639.1(208) 

0.145 

Education 

Low 

High 

T-test 

11755.7±3147.5(31) 

11130.4±2843.0(208) 

0.261 

M-W 

8043.76±2179.4(31) 

9561.31±3787.3(208) 

0.025 

T-test 

10270.9±2253.6(31) 

10502.8±2639.3(208) 

0.643 

BMI 

Normal 

Overweight 

Obesity 

K-W 

9051.8±3236.6(81) 

8813.7±3000.2(71) 

8100.7±2844.1(68) 

0.176 

K-W 

8130.9±3895.1(81) 

7605.4±2871.1(71) 

6730.9±2502.8(68) 

0.071 

K-W 

8683.4±3004.6(81) 

8330.4±2424.7(71) 

7552.8±2094.6(68) 

0.041 

BAZ 

Normal 

Overweight 

Obesity 

ANOVA 

11227.9±2942.4(169) 

11207.1±2696.6(50) 

10990.3±2861.9(22) 

0.936 

K-W 

9437.4±3807.4(169) 

9337.15±3190.1(50) 

8735.41±3358.1(22) 

0.555 

ANOVA 

10511.7±10511.7(169) 

10459.1±2294.0(50) 

10088.4±2223.7(22) 

0.771 

Age 

<45 

>45 

M-W 

8683.7±2960.1(201) 

8187.9±3107.5(47) 

0.167 

M-W 

7567.4±3381.9(201) 

6451.5±2655.7(47) 

0.054 

 

 

M-W 

8237.2±2574.1(201) 

7493.4±2635.0(47) 

0.066 

 

Age 

6y 

7y 

8y 

9y 

10y 

ANOVA 

10787.0±2859.9(40) 

11119.4±2297.8(83) 

11651.2±3320.6(79) 

10986.2±2864.35(33) 

11187.2±11187,22(3) 

0.563 

K-W 

9765.51±(40) 

9018.89±(83) 

9767.06±(79) 

8841.14±(22) 

8548.83±(3) 

0.574 

ANOVA 

10378.4±2505.1(40) 

10279.2±2238.3(83) 

10897.5±3039.5(79) 

10128.2±2158.8(22) 

10131.9±4533.1(3) 

0.515 

BMI, Body Mass Indez, Baz, Body Mass Index for Age z Score. p-values in bold represent significant differences across categories. U-Mann-Whitney and Kruskal-Wallis analyses were performed in 

non-normally distributed data (mean of step counts in weekdays, weekend days and all days for adults and step counts during weekend days for children) and T-test and ANOVA analyses were 

performed in normally distributed data (step count in weekdays and considering all days for children). 
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