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Abstract
Background
Parental behavior can influence the development of overweight in children. The aim of this study is to examine whether parental BMI and parental physical activity are associated with BMI, waist circumference and physical activity in young children.

Methods
In 3–4 year old children, weight, height and waist circumference were measured. Children’s physical activity was measured in a subgroup (n = 299) using a tri-axial activity monitor, TracmorD. Data are represented as activity counts per minute (total physical activity) and as percentage of time in sedentary, light, moderate and vigorous intensity physical activity (generated from a subsample of Actigraph data using cut points from Butte et al.). Parental weight and height were self-reported and parental physical activity was assessed by the validated questionnaire SQUASH.

Results
In total 1554 children (age 3.9 ± 0.1 years, BMI 15.8 ± 1.3 kg/m2 and waist circumference 52.4 ± 3.5 cm) were included. Eleven percent were overweight or obese. A higher maternal BMI was related to higher levels of children’s sedentary activity (r = 0.120, p = 0.04 and to lower levels of children’s total and moderate physical activity (r = −0.158, p = 0.007 and r = −0.154, p = 0.008, respectively). Parental BMI was positively correlated with children’s BMI and waist circumference (r = 0.20–0.27, p < 0.001). Higher maternal total physical activity levels were not related to children’s total physical activity level, but were related to higher levels of children’s moderate and vigorous physical activity (ρ = 0.132, p = 0.046 and ρ = 0.132, p = 0.046, respectively). No correlations between total, moderate or vigorous physical activity levels of the parents with the child’s BMI or waist circumference were found. Looking at physical activity domains maternal physical activity in active commuting, either walking or biking, showed a negative correlation with BMI of the child (ρ = −0.062, p = 0.042).

Conclusions
Higher maternal BMI and lower maternal physical activity levels were related to lower levels of children’s physical activity. More active commuting by the mother and a lower parental BMI were related to a lower BMI of the children. Energy-balance related behavior of the parents may contribute to a healthier BMI of both preschool children and their parents.
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Background
Childhood obesity increases the chance of obesity and obesity-related adverse health effects at adult age [1, 2], since overweight is hard to treat once it is established. Therefore, prevention of overweight in early life is important. Previous studies have shown that intervention at early age gives a high chance of success to both prevention and treatment of overweight or obesity in later life [3, 4].
Physical activity is an important energy-balance related behavior to prevent overweight, because it increases energy expenditure. Physical activity in early life might have health benefits later on, particularly with respect to body composition [5]. Habitual physical activity is associated with a lower percentage body fat in preschool children [6] and can protect children from developing overweight [7]. Besides prevention of overweight, physical activity has many other health benefits, like a better psychosocial health, cognitive development, cardiometabolic health, skeletal health and motor skill development [5]. Furthermore, the development of motor skills may play a role in participation in various forms of physical activity later in life [8]. Finally there is evidence that obesity [1], inactivity patterns [9] and physical activity levels [10] may all track from childhood to adolescence and adulthood.
Parents can influence the development of their children’s overweight at different phases of development. Already before and during pregnancy, high pre-pregnancy body mass index (BMI) and weight gain during pregnancy, can increase the risk for obesity in the offspring [11]. Even a higher level of physical activity during pregnancy may be related to a lower percentage of body fat at age 5 [12]. During infancy and early childhood parents play an important role in the development of habits related to diet and physical activity [13]. Parental physical activity and support of children’s physical activity might encourage children to be active in their daily habits, by being a role model for their children, or by actively participating in physical activity together with their children. However, studies investigating the effect of parental physical activity on the physical activity level of preschool children are limited.
The aim of our study is to examine whether parental BMI and parental physical activity are associated with BMI, waist circumference and physical activity in 3- and 4-year-old children.

Methods
Participants
This study is part of the Groningen Expert Center of Kids with Obesity (GECKO) Drenthe birth cohort. The GECKO Drenthe cohort is a population-based birth cohort studying early risk factors for overweight and obesity in young children. Children are born between 2006 and 2008 in Drenthe, a northern province of the Netherlands. Details of the study design, recruitment and study procedures were described in detail elsewhere [14]. For the present analyses, all children with available data were included. At baseline, in 2006–2008, parents of 2997 children intended to participate in the study, of whom 2874 actively participated. Missing data are mainly due to logistic and organizational problems. For all children, written informed consent was obtained from parents, and the study was approved by the Medical Ethics Committee of the University Medical Center Groningen (UMCG) and follows the declaration of Helsinki.

Anthropometric measurements
Anthropometry in children was measured by trained nurses from Youth Health Care according to a standardized protocol. Weight was measured in light clothing using an electronic scale with digital reading, and recorded to the nearest 0.1 kg. Height was assessed using a stadiometer and recorded to the nearest 0.1 cm. Waist circumference was measured twice using a measure tape midway between the lowest rib and the top of the iliac crest at gentle expiration over the naked skin in standing position to the nearest 0.1 cm. When the two measurements differed more than 1 cm a third measurement was done. The mean of two close measurements was taken. BMI was calculated as weight (kg) divided by squared height (m). BMI-for-age Z-scores and waist circumference-for-age Z-scores were calculated according to the reference tables of the Netherlands 1997 [15] using Growth Analyser 3.5 © (Dutch Growth Foundation, Rotterdam, the Netherlands, http://​www.​growthanalyser.​org). Overweight and obesity were defined according to Cole et al. (2000) [16]. BMI and waist circumference measurements were available at multiple time points (24, 36, 45 and 60 months of age) and the measurement most close to the age of physical activity assessment was chosen for analysis. Only those children with <0.1 years difference between the physical activity assessment and anthropometry were included.
Parental BMI was assessed from self-reported weight and height. Height (cm) was reported before birth of the children. Weight (kg) was reported before pregnancy (retrospectively) and at the children’s age of 18 months. Most recent available weight was used to calculate BMI. In 54 % of the mothers and 53 % of the fathers, BMI at child’s age 18 months was available. For the remaining mothers and fathers, pre-pregnancy weight was used. BMI values from those parents who had weight reported at both time points were highly correlated (mothers: r = 0.92, p < 0.001; fathers r = 0.89, p < 0.001). Maternal BMI at the two time points were comparable (mean difference = 0.5 ± 1.76, p = 0.263).

Physical activity
Between 2 and 5 years of age, physical activity was assessed in a subset of children by the DirectLife tri-axial accelerometer, TracmorD (Philips DirectLife, Amsterdam, the Netherlands). TracmorD provides moderate-to-strong validity evidence that supports its use to evaluate physical activity levels and energy used for activity in 3- and 4-year-old children [17]. The accelerometer was worn when the children were awake, except for water activities, in a small case on a belt in the middle of the lower back. Output of the accelerometer is defined as mean activity counts per minute (ACM). This unit of measurement has been used previously in research with young children [18]. Data of the activity monitor is presented as the sum of all counts per minute when the monitor was worn divided by the total amount of minutes the monitor was worn. Sleeping time, including daytime sleeping, were recorded in a diary and not included in the analyses. To be included in the analysis, the accelerometer had to be worn at least 400 min/day for at least 3 days, including at least 1 weekend day and 2 week days [19]. No validated cut off points to determine percentage of time spent in sedentary, light, moderate and vigorous activity are available for the TracmorD. Fourteen children in our study have worn both the TracmorD and the Actigraph GT3X accelerometer at the same time. Percentages of time spent in sedentary, light, moderate and vigorous activity according to the Actigraph cut points from Butte et al. [20]. were compared to the activity data from the TracmorD. Based on these results we set the following cut points for the amount of counts in one minute: sedentary 0–1999; light activity 2000–9999; moderate activity 10 000 – 16 999; and vigorous activity 17 000 or more activity counts in one minute.
Parental physical activity was assessed by the validated questionnaire SQUASH (Short QUestionnaire to ASsess Health enhancing physical activity) [21]. The SQUASH estimates habitual physical activities and is structured in commuting activities, leisure time activities, sports, household activities, and activities at work or school. Questions included type of activity, duration, frequency and intensity. Total amount of physical activity in minutes per week was calculated and outcomes were analyzed as time spent in light physical activity, moderate physical activity and vigorous physical activity, as well as physical activity in categories of commuting, leisure time, sports, household, and activities at work or school. Parents who spent more than 7560 min/week (more than 18 h/day) on physical activity were excluded, because of their impossible high time in physical activity.

Statistics
All analyses were done separately for maternal and paternal determinants. Data are presented as means ± SD or, if skewed, as medians with the 25th to 75th percentiles. For normally distributed variables, Pearson correlation coefficients (r) were used. For non-normal distributed variables, Spearman correlation coefficients (ρ) were used. Actively commuting mothers were compared non-active commuting mothers by t-test. Statistical analyses were performed using SPSS 20.0.0.1 for Windows (SPSS, Chicago Illinois, USA). The significance level was set to p < 0.05 (2-tailed).


Results
Characteristics of all children together as well as for the subgroup that also had physical activity assessments are shown in Table 1. BMI was available for 1554 children. Children were on average 3.9 ± 0.1 years of age, had a BMI of 15.8 ± 1.3 kg/m2 and a waist circumference of 52.4 ± 3.5 cm. Eleven percent of the children were either overweight (8.4 %) or obese (2.3 %), as expected. Physical activity was measured in 299 children. Based on the criterion that the physical activity measurement and anthropometry in the children were less than 0.1 year apart, BMI was missing in 106 children and waist circumference was missing in 140 children. Characteristics of the parents are shown in Table 2.Table 1Characteristics of the children


	 	All children
	Children with PA assessment

	 	n
	Mean ± SD or n (%)
	n
	Mean ± SD or n (%)

	Boys
	1554
	780 (50 %)
	299
	157 (53 %)

	Age (yrs)
	1554
	3.9 ± 0.1
	299
	3.7 ± 0.6

	BMI (kg/m2)
	1554
	15.8 ± 1.3
	298
	15.9 ± 1.3

	
                                          aOW/obese
	1554
	167 (11 %)
	298
	30 (10 %)

	
                                          bBMI Z-score
	1554
	0.11 ± 0.92
	298
	0.09 ± 0.89

	Waist (cm)
	1164
	52.4 ± 3.5
	242
	51.5 ± 3.6

	
                                          bWaist Z-score
	1164
	0.39 ± 0.91
	242
	0.28 ± 0.93

	
                                          cTotal PA(ACM)
	-
	-
	299
	3715 ± 712

	Sedentary activity (%)
	-
	-
	299
	47.1 ± 8.2

	Light activity (%)
	-
	-
	299
	45.0 ± 7.4

	Moderate activity (%)
	-
	-
	299
	6.0 ± 2.4

	Vigorous activity (%)
	-
	-
	299
	1.9 ± 1.3



                                 ACM counts per minute, OW overweight, PA physical activity, SD standard deviation, yrs years

                                 aOverweight and obesity defined according to Cole 2000 [16]

                                 bAccording to reference tables of the Netherlands, 1997

                                 cAverage counts per minute for wake hours



                        Table 2Characteristics of the parents


	 	n
	Mean ± SD or n (%)
	Median [25th-75th percentile]

	Mother characteristics
	 	 	 
	 Age at birth child (yrs)
	1480
	31.4 ± 4.3
	31.4 [28.6–34.5]

	 BMI (kg/m2)
	1448
	24.8 ± 4.7
	23.8 [21.6–26.8]

	 
                                          aOverweight
	1448
	368 (24 %)
	-

	 
                                          bObese
	1448
	179 (12 %)
	-

	 Total PA (min/week)
	1079
	3675 ± 1807
	3330 [2580–4373]

	 LPA (min/week)
	1079
	2843 ± 1503
	2610 [1860–3540]

	 MPA (min/week)
	1079
	767 ± 866
	480 [240–1020]

	 VPA (min/week)
	1079
	66 ± 123
	0 [0–90]

	Father characteristics
	 	 	 
	 Age at birth child (yrs)
	1439
	34.2 ± 4.8
	34.1 [31.1–37.0]

	 BMI (kg/m2)
	1405
	25.4 ± 3.4
	25.0 [23.1–27.1]

	 
                                          aOverweight
	1405
	573 (37 %)
	-

	 
                                          bObese
	1405
	115 (7 %)
	-

	 Total PA (min/week)
	1023
	3595 ± 1564
	3420 [2880–1064]

	 LPA (min/week)
	1023
	2385 ± 1446
	2610 [1170–3240]

	 MPA (min/week)
	1023
	1073 ± 1264
	420 [150–420]

	 VPA (min/week)
	1023
	137 ± 234
	0 [0–90]



                                 LPA light physical activity, min minutes, MPA moderate physical activity, PA physical activity, SD standard deviation, VPA vigorous physical activity, yrs years

                                 aBMI = 25.0–29.99

                                 bBMI ≥ 30



                     
Correlations between parental physical activity and BMI with children’s physical activity, BMI and waist circumference are shown in Tables 3 and 4. A higher BMI in both mother and father strongly correlated with a higher BMI Z-score and waist circumference Z- score of the children. A higher maternal BMI was related to lower levels of children’s total physical activity (r = −0.158, p = 0.007). After stratification for sex this was stronger in girls (r = −0.167, p = 0.04) than in boys (r = −0.133, p = 0.123). A higher maternal BMI was also related to a higher percentage of children’s time spent in sedentary activity (r = 0.120, p = 0.041) and a lower percentage of children’s time spent in moderate physical activity (r = −0.154, p = 0.008). No correlation between paternal BMI and physical activity in children was found.Table 3Correlations between maternal physical activity and BMI and children’s physical activity, BMI and waist circumference


	 	Physical activity child
	Antropometric measures child

	 	n
	% Sed
	% LPA
	% MPA
	% VPA
	Total
	n
	BMI Z-score
	n
	WC Z-score

	
                                          a,bCommuting PA (min/wk)
	230
	−0.081
	0.131*
	−0.057
	−0.054
	0.003
	1079
	−0.062*
	735
	−0.013

	
                                          bTotal PA (min/wk)
	230
	−0.001
	−0.065
	0.132*
	0.132*
	0.097
	1079
	0.016
	735
	0.025

	
                                          bLPA (min/wk)
	230
	−0.010
	−0.048
	0.112
	0.143*
	0.096
	1079
	−0.021
	735
	−0.016

	
                                          bMPA (min/wk)
	230
	0.035
	−0.035
	0.001
	0.004
	−0.034
	1079
	0.056
	735
	0.060

	
                                          bVPA (min/wk)
	230
	−0.100
	0.078
	0.063
	−0.013
	0.064
	1079
	−0.021
	735
	−0.032

	
                                          cBMI (kg/m2)
	291
	0.120*
	−0.066
	−0.154**
	−0.109
	−0.158**
	1448
	0.270***
	1088
	0.215***



                                 ACM activity counts per minute, LPA light physical activity, min minutes, MPA moderate physical activity; activity, PA physical activity, Sed sedentary, VPA vigorous physical activity, WC waist circumference, wk week
*p < 0.05, **p < 0.01, ***p < 0.001

                                 aby bike or walking

                                 bSpearman correlation coefficient

                                 cPearson correlation coefficient



                        Table 4Correlations between paternal physical activity and BMI and children’s physical activity, BMI and waist circumference


	 	Physical activity child
	Antropometric measures child

	 	n
	% Sed
	% LPA
	% MPA
	% VPA
	Total
	n
	BMI Z-score
	n
	WC Z-score

	
                                          a,bCommuting PA (min/wk)
	227
	−0.049
	0.060
	0.066
	−0.043
	0.016
	1023
	0.030
	688
	0.007

	
                                          bTotal PA (min/wk)
	227
	0.031
	−0.096
	0.075
	0.0127
	0.044
	1023
	0.039
	688
	0.026

	
                                          bLPA (min/wk)
	227
	−0.027
	0.001
	0.008
	0.006
	0.011
	1023
	0.006
	688
	0.044

	
                                          bMPA (min/wk)
	227
	0.104
	−0.133*
	−0.003
	0.098
	−0.014
	1023
	0.031
	688
	−0.001

	
                                          bVPA (min/wk)
	227
	−0.034
	−0.003
	0.085
	0.037
	0.041
	1023
	0.015
	688
	0.015

	
                                          cBMI (kg/m2)
	291
	0.070
	−0.052
	−0.059
	−0.045
	−0.067
	1405
	0.237***
	1060
	0.203***



                                 ACM activity counts per minute, LPA light physical activity, min minutes, MPA moderate physical activity; activity, PA physical activity, Sed sedentary, VPA vigorous physical activity, WC waist circumference, wk week
*p < 0.05, **p < 0.01, ***p < 0.001

                                 aby bike or walking

                                 bSpearman correlation coefficient

                                 cPearson correlation coefficient



                     
For both father and mother, total physical activity level was not associated with total physical activity levels of the children, although higher levels of total physical activity in mothers seemed to be associated to more time spent in higher intensity activities in children (moderate physical activity ρ = 0.132, p = 0.046; vigorous physical activity ρ = 0.132, p = 0.046). In mothers, commuting to school or work either by bike or walking showed a negative correlation with children’s BMI Z-score (ρ = −0.062, p = 0.042). Mothers who were active commuters had higher levels of vigorous physical activity than non-active commuting mothers (60 ± 121 vs. 77 ± 131 min per week, p = 0.02). The total, light, moderate or vigorous physical activity of the mother or father showed no correlation with the BMI Z-score or waist circumference Z-scores of the children. Within mothers, a higher BMI was associated with lower levels of sports activity, (ρ = −0.085, p = 0.003), lower levels of leisure time activity (ρ = −0.083, p = 0.003), and lower levels of vigorous physical activity (ρ = −0.084, p = 0.003). Within fathers, a higher BMI was associated with more leisure time activity (ρ = 0.075, p = 0.011) and lower levels of household activity (ρ = −0.108, p < 0.001).
Finally, in children higher levels of total physical activity were related to a higher BMI Z-score (r = 0.147, p = 0.042, n = 193), mainly due to higher levels of moderate and vigorous activities (r = 0.149, p = 0.039; and r = 0.159, p = 0.027, respectively; n = 193). No significant association between total physical activity and waist circumference Z-score was found (r = 0.143, p = 0.072, n = 159), although higher levels of moderate and vigorous physical activity, and lower levels of light physical activity were significantly related to a higher waist circumference Z-score (r = 0.191, p = 0.016 and r = 0.262, p = 0.001, and r = −0.173, p = 0.029, respectively; n = 159).

Discussion
A higher maternal BMI was associated with a lower total and moderate physical activity level and a higher sedentary activity level of the child. A higher maternal BMI was also related to a higher BMI and higher waist circumference in the child. A higher paternal BMI was most strongly related to a higher BMI and waist circumference in the child. A higher level of maternal total physical activity was related to higher levels of children’s moderate and vigorous physical activity. Also an inverse relationship between active commuting of the mother with children’s BMI was found. Paternal physical activity was not related to children’s physical activity, BMI or waist circumference.
Genetic predisposition, but maybe more important, the obesogenic environment may be underlying factors for these findings. In young children, parents have a strong influence on their children’s lifestyle. They play an important role in the development of habits related to diet and physical activity [13]. Obesogenic behavior in parents is related to obesogenic behavior of the child [22] which causes a higher risk of development of overweight in these children.
Higher levels of maternal active commuting were related to a lower BMI and higher levels of light physical activity in children. We assume that when a mother goes to her work walking or by bike, she will bring her child walking or biking with her to go to school or daycare. These results suggest that when mothers actively participate with their children in daily physical activity, it may contribute to a healthier BMI of their children.
High parental BMI might be an indicator of an obesogenic environment for the child. Indeed, we found that a higher parental BMI is associated to a higher BMI and waist circumference of the child. These finding are in line with the conclusion from a previous review [23]. A higher maternal BMI was also related to lower levels of total, moderate and vigorous physical activity and to higher levels of sedentary activity of the child. We assume that mothers with a higher BMI may create a more obesogenic environment like being less engaged in physical activities together with the child, or less stimulation of physical activity in the child. This fits with our finding that mothers with a higher BMI were less active themselves. In our study, the relation between parental BMI and physical activity in children is attributed to mothers, but not to fathers. In the Netherlands it is common that both mother and father have a job and combine the care for their child, but still mothers spent the most time in raising their child. Women have more often part time jobs compared to men [24], and children of divorced parents live more often with their mother than with their father [25]. We hypothesize that the maternal contribution to an obesogenic environment is stronger than that of the father in preschool age.
Some previous studies investigated the relation between parental physical activity with preschool children’s physical activity, but only few studies measured physical activity with accurate methods, like accelerometry or validated questionnaires [26–29]. Three of the four studies found a positive relationship between parental physical activity and their preschool children’s physical activity. In these studies, children’s physical activity was measured with an accelerometer [26–28] and parental physical activity was measured with an accelerometer [26, 27] or a validated questionnaire [28]. These studies measured physical activity in children for a longer period than that we did in our study, i.e. 5–9 days instead of 4 days. Two studies measured parental physical activity by accelerometer. This might provide more accurate estimates of total parental physical activity than questionnaires. On the other hand, the questionnaire provides more information on type of activity and on structured activities like active commuting. One of the four studies found no direct relation between parental and children’s physical activity, but the previous reported associations may have been indirect, showing that parental physical activity was positively associated with parental physical activity support, which in turn was positively associated with their children’s physical activity [29]. A difference with our study is that their results were based on a physical activity questionnaire for children about physical activity at home instead of a full day physical activity measurement with an accelerometer. They did measure physical activity with an accelerometer, but only while attending child care. For this measurement they found no relation with parental physical activity at all. One study found that the BMI of the father, but not of the mother predicted children’s preschool children’s physical activity level [30]. We found a relation only in mothers, but not in fathers. A difference with our study is that the previous mentioned study measured physical activity of the children while attending daycare, which may be different from physical activity levels at home. Another study did not find a relation between parental BMI and children’s physical activity [27], but they only included 21 fathers and 72 mothers. More research is needed to draw firm conclusions about this relation in preschool children.
We found no studies investigating the relation between parental physical activity and preschool children’s BMI. Studies in older children (7–12 years) and adolescents (11–18 years) did not show consistent results. More research is needed, especially in preschool children.
Some findings were not in line with our hypothesis. We found that more active children had a higher BMI. Surprisingly, this is also found in some previous studies in preschool children [31, 32]. This finding can be explained in various ways. Our finding could be related to the unreliability of BMI as specific indicator of increased fat mass [33, 34]. In some individuals, BMI may also be higher due to fat free mass, in large part muscle mass. This fits with the finding that the association between total physical activity and BMI seems to be determined mostly by the association between high BMI and more moderate/vigorous activity, as vigorous activities are most anabolic and stimulate fitness level and muscle development. It also seems that the relation between physical activity and BMI or body fat can be dependent on age. A review of Jimenez-Pavon et al. [35] found that the relation between physical activity and adiposity was found more often with increasing age. The inverse relation was found in 60 % (n = 3) of preschool studies; 77 % (n = 17) of studies of primary school-age children, and 86 % (n = 18) of studies of adolescents [35]. This last reason is also in line with our finding that waist circumference was not related to total physical activity. We have no specific reason why higher levels of moderate and vigorous physical activity, and lower levels of light physical activity were significantly related to a higher waist circumference.
A strength of our study is the measurement of physical activity of both parents and children with validated instruments and in children with an objective method, the accelerometer. A drawback is that non-validated cut-off points were used to categorize children’s total physical activity into sedentary, light, moderate and vigorous physical activity. The intensity data results may not be generalizable, because our data were used to generate the cut points. Although it can be safely assumed that the activities classified as vigorous are in the high intensity range, the correct classification of in particular the light and moderate activities is less certain. We would advise the validation of the cut points for future research.

Conclusions
To conclude, BMI of both parents is related to children’s BMI and waist circumference. Higher maternal BMI was related to lower levels of children’s physical activity levels and to higher levels of sedentary activity. Higher maternal physical activity levels were related to lower levels of children’s physical activity. More active commuting by the mother was related to a lower BMI of the children. We suggest that interventions designed to treat or prevent obesity in children should not only focus on the child, but also on the obesogenic environment. Energy-balance related behavior of the parents may contribute to a healthier BMI of both preschool children and their parents.

Acknowledgements
This study was funded by an unrestricted grant of Hutchison Whampoa Limited, 22/F Hutchison House, 10 Harcourt Road, Hong Kong. The study sponsor had no role in 1) the design and conduct of the study; 2) the collection, management, analysis, and interpretation of the data; 3) the preparation, review, or approval of the manuscript; and 4) the decision to submit the manuscript for publication. The results of the present study do not constitute endorsement by ACSM.


                           Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR, Berenson GS. The relation of childhood BMI to adult adiposity: the Bogalusa Heart Study. Pediatrics. 2005;115:22–7.

2.
Park MH, Falconer C, Viner RM, Kinra S. The impact of childhood obesity on morbidity and mortality in adulthood: a systematic review. Obes Rev. 2012;13:985–1000.CrossRef

3.
Bocca G, Corpeleijn E, Stolk RP, Sauer PJ. Results of a multidisciplinary treatment program in 3-year-old to 5-year-old overweight or obese children: a randomized controlled clinical trial. Arch Pediatr Adolesc Med. 2012;166:1109–15.CrossRef

4.
Danielsson P, Kowalski J, Ekblom O, Marcus C. Response of severely obese children and adolescents to behavioral treatment. Arch Pediatr Adolesc Med. 2012;166:1103–8.CrossRef

5.
Timmons BW, Leblanc AG, Carson V, Connor Gorber S, Dillman C, Janssen I, et al. Systematic review of physical activity and health in the early years (aged 0–4 years). Appl Physiol Nutr Metab. 2012;37:773–92.CrossRef

6.
Sijtsma A, Sauer PJ, Stolk RP, Corpeleijn E. Is directly measured physical activity related to adiposity in preschool children? Int J Pediatr Obes. 2011;6:389–400.CrossRef

7.
Janz KF, Burns TL, Levy SM. Tracking of activity and sedentary behaviors in childhood: the Iowa bone development study. Am J Prev Med. 2005;29:171–8.CrossRef

8.
Barnett LM, van Beurden E, Morgan PJ, Brooks LO, Beard JR. Childhood motor skill proficiency as a predictor of adolescent physical activity. J Adolesc Health. 2009;44:252–9.CrossRef

9.
Janz KF, Dawson JD, Mahoney LT. Tracking physical fitness and physical activity from childhood to adolescence: the muscatine study. Med Sci Sports Exerc. 2000;32:1250–7.CrossRef

10.
Malina RM. Physical activity and fitness: pathways from childhood to adulthood. Am J Human Biol. 2001;13:162–72.CrossRef

11.
Dyer JS, Rosenfeld CR. Metabolic imprinting by prenatal, perinatal, and postnatal overnutrition: a review. Semin Reprod Med. 2011;29:266–76.CrossRef

12.
Clapp 3rd JF. Morphometric and neurodevelopmental outcome at age five years of the offspring of women who continued to exercise regularly throughout pregnancy. J Pediatr. 1996;129:856–63.CrossRef

13.
Krahnstoever Davison K, Francis LA, Birch LL. Reexamining obesigenic families: parents’ obesity-related behaviors predict girls’ change in BMI. Obes Res. 2005;13:1980–90.CrossRef

14.
L’Abee C, Sauer PJ, Damen M, Rake JP, Cats H, Stolk RP. Cohort Profile: the GECKO Drenthe study, overweight programming during early childhood. Int J Epidemiol. 2008;37:486–9.CrossRef

15.
Fredriks AM, van Buuren S, Wit JM, Verloove-Vanhorick SP. Body index measurements in 1996–7 compared with 1980. Arch Dis Child. 2000;82:107–12.CrossRef

16.
Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and obesity worldwide: international survey. Br Med J. 2000;320:1240–3.CrossRef

17.
Sijtsma A, Schierbeek H, Goris AH, Joosten KF, van Kessel I, Corpeleijn E, et al. Validation of the TracmorD triaxial accelerometer to assess physical activity in preschool children. Obesity (Silver Spring). 2013;21:1877–83.

18.
Hauck J. Developmental trajectory of physical activity and its relationship to rate of gain in weight, subcutaneous fat, and motor skill development during the first six months of life. Ann Arbor: University of Michigan; 2012.

19.
Trost SG, Pate RR, Freedson PS, Sallis JF, Taylor WC. Using objective physical activity measures with youth: how many days of monitoring are needed? Med Sci Sports Exerc. 2000;32:426–31.CrossRef

20.
Butte NF, Wong WW, Lee JS, Adolph AL, Puyau MR, Zakeri IF. Prediction of energy expenditure and physical activity in preschoolers. Med Sci Sports Exerc. 2014;46:1216–26.CrossRef

21.
Wendel-Vos GC, Schuit AJ, Saris WH, Kromhout D. Reproducibility and relative validity of the short questionnaire to assess health-enhancing physical activity. J Clin Epidemiol. 2003;56:1163–9.CrossRef

22.
Sonneville KR, Rifas-Shiman SL, Kleinman KP, Gortmaker SL, Gillman MW, Taveras EM. Associations of obesogenic behaviors in mothers and obese children participating in a randomized trial. Obesity (Silver Spring). 2012;20:1449–54.CrossRef

23.
Hawkins SS, Law C. A review of risk factors for overweight in preschool children: a policy perspective. Int J Pediatr Obes. 2006;1:195–209.CrossRef

24.
Portegijs W. Deeltijd in Nederland in hoofdlijnen (Part time in the Netherlands in baseline). Sociaal Cultureel Planbureau: Den Haag; 2009.

25.
van Egten C, Zeijl A, de Hoog S, Nankoe C, Petronia E. Opvoeding en opvoedingsondersteuning. Gezinnen van de toekomst (Education and educational support. Families of the furture). Sociaal Cultureel Planbureau: Den Haag; 2008.

26.
Moore LL, Lombardi DA, White MJ, Campbell JL, Oliveria SA, Ellison RC. Influence of parents’ physical activity levels on activity levels of young children. J Pediatr. 1991;118:215–9.CrossRef

27.
Oliver M, Schofield GM, Schluter PJ. Parent influences on preschoolers’ objectively assessed physical activity. J Sci Med Sport. 2010;13:403–9.CrossRef

28.
Taylor RW, Murdoch L, Carter P, Gerrard DF, Williams SM, Taylor BJ. Longitudinal study of physical activity and inactivity in preschoolers: the flame study. Med Sci Sports Exerc. 2009;41:96–102.CrossRef

29.
Loprinzi PD, Trost SG. Parental influences on physical activity behavior in preschool children. Prev Med. 2010;50:129–33.CrossRef

30.
Finn K, Johannsen N, Specker B. Factors associated with physical activity in preschool children. J Pediatr. 2002;140:81–5.CrossRef

31.
Jackson DM, Reilly JJ, Kelly LA, Montgomery C, Grant S, Paton JY. Objectively measured physical activity in a representative sample of 3-to 4-year-old children. Obes Res. 2003;11:420–5.CrossRef

32.
Pate RR, McIver K, Dowda M, Brown WH, Addy C. Directly observed physical activity levels in preschool children. J Sch Health. 2008;78:438–44.CrossRef

33.
Freedman DS, Sherry B. The validity of BMI as an indicator of body fatness and risk among children. Pediatrics. 2009;124:S23–34.CrossRef

34.
Flegal KM, Ogden CL, Yanovski JA, Freedman DS, Shepherd JA, Graubard BI, et al. High adiposity and high body mass index-for-age in US children and adolescents overall and by race-ethnic group. Am J Clin Nutr. 2010;91:1020–6.CrossRef

35.
Jimenez-Pavon D, Kelly J, Reilly JJ. Associations between objectively measured habitual physical activity and adiposity in children and adolescents: systematic review. Int J Pediatr Obes. 2010;5:3–18.CrossRef



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors participated in the design of this study. AS carried out the statistical analyses and wrote the manuscript. EC and PS helped to draft the manuscript and critically evaluated the manuscript. All authors read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/contact.gif





