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Abstract
Background
Various diet- and activity-related parenting practices are positive determinants of child dietary and activity behaviour, including home availability, parental modelling and parental policies. There is evidence that parenting practices cluster within the dietary domain and within the activity domain. This study explores whether diet- and activity-related parenting practices cluster across the dietary and activity domain. Also examined is whether the clusters are related to child and parental background characteristics. Finally, to indicate the relevance of the clusters in influencing child dietary and activity behaviour, we examined whether clusters of parenting practices are related to these behaviours.

Methods
Data were used from 1480 parent–child dyads participating in the Dutch IVO Nutrition and Physical Activity Child cohorT (INPACT). Parents of children aged 8–11 years completed questionnaires at home assessing their diet- and activity-related parenting practices, child and parental background characteristics, and child dietary and activity behaviours. Principal component analysis (PCA) was used to identify clusters of parenting practices. Backward regression analysis was used to examine the relationship between child and parental background characteristics with cluster scores, and partial correlations to examine associations between cluster scores and child dietary and activity behaviours.

Results
PCA revealed five clusters of parenting practices: 1) high visibility and accessibility of screens and unhealthy food, 2) diet- and activity-related rules, 3) low availability of unhealthy food, 4) diet- and activity-related positive modelling, and 5) positive modelling on sports and fruit. Low parental education was associated with unhealthy cluster 1, while high(er) education was associated with healthy clusters 2, 3 and 5. Separate clusters were related to both child dietary and activity behaviour in the hypothesized directions: healthy clusters were positively related to obesity-reducing behaviours and negatively to obesity-inducing behaviours.

Conclusion
Parenting practices cluster across the dietary and activity domain. Parental education can be seen as an indicator of a broader parental context in which clusters of parenting practices operate. Separate clusters are related to both child dietary and activity behaviour. Interventions that focus on clusters of parenting practices to assist parents (especially low-educated parents) in changing their child’s dietary and activity behaviour seems justified.
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Background
Diets rich in fruit and vegetables and an active lifestyle are associated with important health protective effects, including protection against some types of cancer, cardiovascular diseases, type 2 diabetes and overweight [1, 2]. There is considerable evidence that children consume less fruit and vegetables than is recommended [3–7] and that they do not meet physical activity (PA) recommendations [8]. Because diet- and activity-related habits established in childhood often track through to adulthood [9–11], these energy balance-related behaviours (EBRBs) should be improved at an early age. Improvement of these behaviours requires understanding of the factors determining children’s EBRBs.
The home environment is a critical context for the development of children’s eating and activity behaviours [12–14]. Parents play a key role in shaping the home environment. In review studies on parental correlates of child fruit and vegetable consumption, the most consistently supported positive determinants of child and adolescent intake are parental dietary intake, parental modelling, home availability and accessibility, family rules, parental encouragement and parental education [12, 15–18]. In addition, parental fat intake is a consistent and positive correlate of child fat intake [15]. Important positive parental correlates for child and adolescent PA are parental support, parental encouragement, paternal PA, maternal education level and family income [12, 19, 20]. Conceptually, such parental correlates can be divided into parenting practices (i.e. content-specific acts of parenting [21], such as rules about dietary intake or activity behaviour) and more general or distal parental factors (e.g., parental education and family income). The latter can be conceptualised as potential background variables or higher-order moderators of the relationship between parenting practices and child behaviour [7]. The current study focuses on clustering of parenting practices in relation to more distal parental factors.
There is some evidence that parenting practices co-occur or ‘cluster’. Gubbels et al. [22] found evidence for clustering of diet-related restrictive parenting practices, namely a cluster characterised by prohibition of the intake of various snacks and soft drinks, and a separate cluster characterised by prohibition of cookies and cake. A study by Gattshall et al. [23] showed interdependencies between diet-related parenting practices for fruit and vegetables, and between PA-related parenting practices, i.e. availability, accessibility, parental role modelling and parental policies. However, they did not study interdependencies between diet- and activity-related parenting practices. To our knowledge, no studies have used a clustering approach to examine both diet- and activity-related parenting practices, while studies on this topic are needed to elucidate whether parenting practices cluster across the dietary and activity domain (e.g. parental rule setting regarding snacks and screen time). Clustering across domains could point to a broader parental context in which the clusters of parenting practices operate, e.g. a parental context of health beliefs. The potential synergy between parenting practices that occur in clusters could result in more efficient interventions aimed at improving diet-and activity-related parenting practices, by applying an integrated approach that addresses multiple parenting practices simultaneously [24].
To elucidate how clusters of parenting practices may arise, it is important to examine factors related to the potential clusters of parenting practices. These factors can be both child- and parent-related. In previous studies, child gender [25, 26], weight [26–30], food neophobia [31] and eating style (hungry or picky) [26], as well as parental body mass index (BMI), eduation level, parenting style, employment, ethnicity and parental age [22, 26, 27, 31–37] were related to diet-related parenting practices, while child gender and activity style (active or not) [26], parental education level and working hours per week were related to activity-related parenting practices [26]. To test the magnitude of their relevance, it is also important to relate potential clusters of parenting practices to child dietary and activity behaviours. We chose to relate them to obesity-reducing, i.e. child fruit intake, child active commuting to school, child outdoor playing and child sports participation, as well as obesity-inducing behaviours, i.e. child snack and sugar-sweetenend beverage (SSB) intake, and child screen time [38].
The aim of this study was to examine clustering of parenting practices across the dietary and activity domain in parents of children aged 8–11 years. Children and their parents were recruited from rural and urban general primary schools in southern Netherlands. Apart from clustering of parenting practices, we examined whether these potential clusters are associated with child- and parent-related factors, and with child dietary and activity behaviours. Based on earlier studies we included child gender, age, ethnicity and weight, and parental BMI, education level and parenting style as factors that could potentially be associated with the clusters. We hypothesised that the parenting practices would cluster within and across the dietary and activity domain, and that healthy clusters would positively relate to obesity-reducing behaviours and negatively to obesity-inducing behaviours.

Methods
Study design, setting, participants and procedure
Data for this study were retrieved from the IVO Nutrition and Physical Activity Child cohorT (INPACT), for which approval was obtained from the Ethical Committee of the Erasmus MC (University Medical Center Rotterdam). INPACT is an observational study (initiated in 2008) focusing on modifiable determinants of overweight in the home environment of children aged 8–12 years in the Netherlands. INPACT was conducted among primary school children in southern Netherlands (Eindhoven area). In recruiting the schools in 2008, we collaborated with the Municipal Health Authority for Eindhoven and surrounding area (GGD Brabant-Zuidoost). The Municipal Health Authority invited all general primary schools in their service area to participate in the INPACT study. Of the 265 schools invited, 91 took part; the response rate from rural and urban schools was equal. The primary caregivers of third-grade students (aged ± 8 years) were invited to participate in the cohort study, together with their child. Of the 2948 parent–child dyads invited, 1839 (62.4%) gave written informed consent to participate in the INPACT study for four years. The study included four assessments, each separated by a one-year time interval, and started in the autumn of 2008 (baseline). In the assessments, primary caregivers completed a questionnaire at home, children completed a questionnaire at school, and qualified research assistants measured the children’s height and weight at school.
The present study was based on data from 2008 (baseline) and 2009 (second assessment). Parents reported on child and parental background characteristics (2008), on their energy balance-related parenting practices (partly in 2008 and partly in 2009) and on their children’s energy balance-related behaviours (2009). In addition, child BMI z-scores from 2008 were used, which were based on measured height and weight. Parent–child dyads with complete data from baseline to 2009 were included in the present study, resulting in 1480 parent–child dyads (80% of the original cohort). Logistic regression analyses on selective dropout from baseline to 2009 showed that parent–child dyads who were not native Dutch dropped out more often. There was no selective dropout regarding child age/gender and parental education level.

Sample characteristics
At baseline (n=1839), 7% of the children were underweight, 79% had a normal weight and 14% were overweight, of which 3% were obese. The prevalence of overweight and obesity was similar to Dutch prevalence rates among primary school children [39]. The age of the children was 8 (77%) or 9 (20%) years (range 7–10 years, mean=8.2 years, SD=0.5). Boys (50.5%) and girls (49.5%) were represented in almost equal numbers. Of all children, 17% were from a non-Dutch ethnic background with one or both parents born abroad, of which 9% from non-western countries and 8% from western countries. Primary caregivers were predominantly female (92%). Of all primary caregivers, 21% had finished education at a low level, 45% at a medium level, 32% at a high level, and 2% at a non-specified level. Of the primary caregivers, 1% was underweight, 66% had a normal weight and 33% were overweight, of which 9% were obese.

Measures
Diet- and activity-related parenting practices
Diet- and activity-related parenting practices were assessed with questionnaire items derived from the Dutch translation of the validated Home Environment Survey (HES) [23]. The home environment can be divided into a physical, socio-cultural, political and economic environment [40]; the HES assesses all of these, except for the economic home enviroment. The physical environment includes availability and accessibility of fruit, vegetables, snacks, SSBs and PA equipment (bicycle, roller skates, ball, etc.), the policital environment includes a scale for healthy eating parental policies (e.g. eating breakfast together with a child) and PA parental policies (e.g. encouraging a child to be physically active), and the socio-cultural environment includes a scale for healthy eating parental role modelling and PA parental role modelling. As suggested by Gattshall et al. [23] , we included a separate scale for parental role modelling of sedentary behaviour. In addition to Gattshall’s items on accessibility of PA equipment we included items on accessibility of sedentary equipment (television and computer). Moreover, we divided all accessibility measures into visibility (‘could be seen’) and accessibility (‘could easily be reached’) (Table 1), as visibility can function as a cue to action (Health Belief Model [41]), and thus be an important factor for influencing behaviour.Table 1
                            Descriptives and scale information of key study variables (n=1839 for 2008 and n=1547 for 2009)
                          


	Concept
	Measurement year
	Questions
	Answering scale
	Cronbach’s α
	Median score (25th-75th perc.) / % yes
	Range of scores

	 	 	(reference period: in the past 30 days)
	 	 	 	 
	
                                Diet-related parenting practices: physical home environment
                              

	Fruit availability
	2008
	How often do you have fruits available at home?
	never (1) to always (5)
	-
	5.0 (5.0-5.0)
	1.0-5.0

	Fruit visibility
	2008
	Do you store fruits at home in a place where your child can easily see them, e.g. in a fruit bowl
	never (1) to always (5)
	-
	5.0 (4.0-5.0)
	1.0-5.0

	Fruit accessibility
	2008
	Do you store fruits at home in a place that is easily accessible for you child?
	never (1) to always (5)
	-
	5.0 (5.0-5.0)
	1.0-5.0

	Snack availability
	2008
	How often do you have sweet and savoury snacks available at home?a
	never (1) to always (5)
	 	4.5 (4.0-5.0)
	1.0-5.0

	Snack visibility
	2008
	Do you store sweet and savoury snacks at home in a place where your child can easily see them?a
	never (1) to always (5)
	 	2.0 (1.5-3.0)
	1.0-5.0

	Snack accessibility
	2008
	Do you store sweet and savoury snacks at home in a place that is easily accessible for your child?a
	never (1) to always (5)
	-
	3.5 (2.5-5.0)
	1.0-5.0

	SSB availability
	2008
	How often do you have SSBs available at home?
	never (1) to always (5)
	-
	5.0 (4.0-5.0)
	1.0-5.0

	SSB visibility
	2008
	Do you store SSBs at home in a place where your child can easily see them?
	never (1) to always (5)
	-
	3.0 (2.0-5.0)
	1.0-5.0

	SSB accessibility
	2008
	Do you store SSBs at home in a place that is easily accessible for your child?
	never (1) to always (5)
	-
	4.0 (3.0-5.0)
	1.0-5.0

	
                                Diet-related parenting practices: political home environment
                              

	Fruit rules
	2008
	Do you have a rule at home that your child should eat, in principle, 2 pieces of fruit per day?
	no (0) or yes (1)
	-
	24.5
	-

	Snack rules
	2008
	Do you have a rule at home about how much and when your child is allowed to snack?b
	no (0) or yes (1)
	-
	69.5c 15.2d
	-

	SSB rules
	2008
	Do you have a rule at home about how much and when your child is allowed to drink SSBs?b
	no (0) or yes (1)
	-
	58.6c
15.5d
	-

	Healthy eating policies
	2008
	7 items, e.g., ‘How often do you eat breakfast with your child?’
	never (1) to always (5)
	0.60
	4.1 (3.7-4.4)
	1.1-5.0

	
                                Diet-related parenting practices: socio-cultural home environment
                              

	Parental fruit intake
	2008
	Based on Food Frequency Questionnairese
	
                                e
                              
	-
	6.0 (3.3-10.5)
	0-28 pieces

	Parental snack intake
	2008
	Based on Food Frequency Questionnaires
	
                                e
                              
	-
	6.0 (3.0-9.0)
	0-35 pieces

	Parental SSB intake
	2008
	Based on Food Frequency Questionnaires
	
                                e
                              
	-
	1.0 (0.0-6.0)
	0-42 glasses

	Healthy eating role modelling
	2009
	12 items, e.g. ‘How often do you eat healthy meals or snacks while your child is around?
	never (1) to always (5)
	0.70
	4.0 (3.8-4.2)
	2.4-5.0

	
                                Activity-related parenting practices: physical home environment
                              

	Availability of PA equipment and play spaces
	2008
	Which of the following toys/equipment does your child have? (list of 15 items, including skateboard, bicycle, skipping rope and outside play area)
	no (0) or yes (1)
	 	9.0 (7.0-10.0)
	2-15

	PA equipment visibility
	2008
	Do you store your child’s active toys out of sight when he/she is not using them? (reversed item)
	never (1) to always (5)
	 	4.0 (3.0-5.0)
	1-5

	PA equipment accessibility
	2008
	2 items, e.g., Do you store your child’s active toys in a place that is easily accessible for your child? (child needs no help getting them out)
	never (1) to always (5)
	0.72
	5.0 (5.0-5.0)
	1-5

	Screen equipment availability in bedroom
	2008
	2 items: Does your child have a television/computer in his bedroom?
	no (0) or yes (1)
	 	7.5c
	 
	 	 	 	 	 	21.2d
	 
	Screen equipment visibility
	2008
	2 items, e.g., Do you store your computer out of sight when it is not used? (reversed item)
	never (1) to always (5)
	 	4.5 (3.0-5.0)
	1-5

	Screen equipment accessibility
	2008
	2 items, e.g., Is the television mostly turned on at your place?
	never (1) to always (5)
	 	3.5 (3.0-4.0)
	1-5

	
                                Activity-related parenting practices: political home environment
                              

	Active transport rules
	2008
	Do you have a rule at home that your child, in principle, should go to school on foot or by bicycle?
	no (0) or yes (1)
	 	76.4
	 
	Sports rules
	2008
	Do you have a rule at home that your child, in principle, should sport/be physically active?
	no (0) or yes (1)
	 	82.1
	 
	Screen time rules
	2008
	4 items, e.g. Do you have a rule at home about how much your child is allowed to watch television?
	no (0) or yes (1)
	 	0.8 (0.3-1.0)
	0-1

	Physical activity policies
	2008
	5 items, e.g. How often do you verbally encourage your child to be physically active?
	never (1) to always (5)
	0.57
	3.8 (3.4-4.2)
	1.6-5.0

	
                                Activity-related parenting practices: socio-cultural home environment
                              

	Parental active commuting days
	2009
	Two questions based on SQUASH s72], one about number of days per week walking to work and one about number of days per week cycling to work
	number of days per week for each question (open questions)
	-
	0.0 (0.0-3.0)
	0-7 days

	Parental sports days
	2009
	Based on SQUASH; parents could indicate 4 types of sports they performed,
	number of days per week for each sport indicated (open questions)
	-
	1.0 (0.0-2.0)
	0-14 days

	Parental PA apart from active commuting and sports
	2009
	Six questions based on SQUASH; number of days of walking, cycling, gardening and doing small jobs during leisure time per week, and number of days of physically heavy work and physically heavy housework per week
	number of days per week for each question (open questions)
	-
	8.0 (5.0-12.0)
	0-28 days

	Parental screen days
	2008
	Two questions based on SQUASH, one about number of days per week watching television and one about number of days per week using the computer
	number of days per week for each question (open questions)
	 	10.0 (8.0-13.0)
	0-14 days

	Physical activity role modelling
	2009
	6 items, e.g. How often does your child see you being physically active (e.g. walking, cycling, playing sports)?
	never (1) to always (5)
	0.52
	3.5 (3.3-3.7)
	1.7-4.8

	Sedentary behaviour role modelling
	2009
	2 items, e.g. How often does your child see you watching television?
	never (1) to always (5)
	0.48
	3.0 (3.0-3.5)
	1.0-5.0


PA: physical activity SSB: sugar-sweetened beverage.
aSeparate questions for sweet snacks and for savoury snacks.
bSeparate questions for ‘how much’ and for ‘when’.
c% ‘yes’ on both questions.
d% ‘yes’ on one of the two questions.
eParental fruit, snack and SSB intake were assessed in the same way as child fruit, snack and SSB intake (see Methods section).



The HES assesses the physical environment for specific foods and PA equipment, while the political and socio-cultural environment are measured in a generic way (e.g. healthy eating policies/role modelling). In order to include specific measures, we also assessed parental rules for child dietary and activity behaviours as part of the political environment, and parental dietary and activity behaviours (role modelling) as part of the socio-cultural environment. These were assessed with questionnaire items derived from the Endorse study [42] (Table 1).
For all parenting practice measures, a higher score implied more policies/rules, role modelling, availability, etc. Table 1 presents additional information on measurement year, number of items, example items, response options, Cronbach’s alphas, and the means and standard deviations (SDs) of the various parenting practices assessed.

Child dietary and activity behaviours
Child fruit, snack and SSB intake in 2009 were assessed using several items from a validated Food Frequency Questionnaire (FFQ) designed to accurately assess energy intake of Dutch children aged 2–12 [43, 44]. The validation study showed a correlation coefficient between the original questionnaire and the doubly labeled water method of 0.62. The way in which child fruit intake is assessed in this FFQ corresponds with earlier validated FFQs for fruit and vegetable intake [45, 46]. The primary caregivers reported how many days in a normal week their children consumed 1) fruit (fresh, bottled and/or canned; no juice), 2) savoury snacks (e.g. potato crisps, peanuts and sausage rolls) in between meals, 3) sweet snacks (e.g. candies, chocolates and candy bars) in between meals, 4) cake or large biscuits in between meals, and 5) SSBs. Answering categories ranged from ‘none or less than 1 day a week’ to ‘7 days a week’. Additionally, they reported the number of servings consumed by their children on such a day. For fruit, answering categories ranged from ‘0 pieces per day’ to ‘more than 3 pieces per day’, by increments of half a piece of fruit. Reported consumption of more than 3 pieces per day (n=12) was recoded as 4 pieces. For savoury snacks, sweet snacks and cake or large biscuits, answering categories ranged from 0 to 10 servings a day. For SSBs, answering categories ranged from ‘0 glasses per day’ to ‘more than 5 glasses per day’, by increments of half a glass. It was specified that one glass equals 200 ml; one can equals 330 ml or 1.5 glasses; one bottle equals 500 ml or 2.5 glasses. Reported consumption of more than 5 glasses per day (n=7) was truncated to 6 pieces. Total child fruit and SSB intake were expressed in servings per week and calculated by multiplying frequency and quantity. Total child snack intake was also expressed in pieces per week and calculated by multiplying frequencies of savoury snacks, sweet snacks and cakes with their corresponding quantities, and summing these scores. Missing values on child fruit, snack and SSB intake were not imputed, because of the low number of missing values (1.0% at the highest, for child snacking).
Children’s activity behaviours were also reported by the primary caregiver, and based on a standard questionnaire for assessing children’s activity behaviour used in Dutch Youth Health Care [47]. Parents reported on how many days in a normal week their children 1) went to school on foot or by bicycle (active transport to school), 2) played outside, and 3) participated in a sport at a sports club. Children’s sedentary screen-time behaviour was assessed in a similar way with separate questions for watching television (including videos and DVDs) and playing on the computer. Total child screen time was calculated by summing television days and computer days, ranging from 0 to 14 days (e.g., if parents reported their child to watch television for 7 days per week and to play on the computer for 5 days per week, the child scored 12).

Child and parental background characteristics
Data on demographics were primarily collected in the parent questionnaire of 2008. Child age was measured in years by subtracting the date of questionnaire completion from the child’s birth date. To assess the child’s ethnic background, the primary caregiver reported the country of origin of both parents. According to standard procedures of Statistics Netherlands [48], a child was classified as native Dutch if both parents were born in the Netherlands, as a western immigrant if at least one parent was born outside the Netherlands but inside Europe, and as a non-western immigrant if at least one parent was born in Turkey, Africa, Latin America or Asia. The primary caregiver also reported on his/her highest level of education. According to international classification systems [49], parental education level was defined as low (primary school and lower vocational/lower general secondary education), medium (intermediate vocational education, higher general secondary education and university prep), high (higher vocational education and university), or non-defined. To assess parental BMI, the primary caregiver reported his/her own height and weight. He/she also reported whether he/she was the child’s biological parent. Parental BMI (for biological parents only) was calculated on the basis of these answers.
Parenting style was measured using the Dutch translation [50] of an instrument based on earlier work by Steinberg et al. [51, 52], which is used in many studies worldwide [50, 53–55]. This 22-item measure assessed three parenting-style dimensions: support (e.g. ‘When my child gets a low grade in school, I offer to help him/her’), behavioural control (e.g. ‘I know exactly what my child does in his/her free time’ and psychological control (e.g. ‘I make my child feel guilty when he/she gets a low grade in school’) (see [56] for additional information on the parenting style instrument used).
In addition to questionnaire data, child BMI was based on the child’s height and weight: i.e. weight (kg)/height (m)2, as measured by the qualified research assistants in 2008. Children were measured at school according to standard procedures in light clothing without shoes, to the nearest 0.1 kg and 0.1 cm. Weight was measured with an electronic flat scale (Seca 840; Beenhakker, Rotterdam, the Netherlands) and height with a mobile measuring ruler (Seca 214; Beenhakker, Rotterdam, the Netherlands). BMI z-scores were calculated [57] based on age and gender-specific values from the 1997 National Growth Study in the Netherlands [58].


Strategy for analyses
All analyses were performed using IBM SPSS Statistics version 19.0. Cases with missing values were excluded per analysis. To describe the study population, we computed medians, interquartile ranges and percentages for socio-demographic variables and child dietary and activity behaviours.
Principal component analysis (PCA) with oblique rotation was performed to examine clustering of diet-related and activity-related parenting practises. Oblique rotation was chosen because of the expected association between the extracted components [59]. A scree plot was used to determine the number of components. Items with absolute component loadings larger than 0.4 were considered part of the component, in line with previous research [59]. Cluster scores were computed for each child as each parenting practice measure multiplied by their corresponding component loading [60]. The parenting practice cluster scores were then used as separate dependent variables in backward linear regression analyses, to examine the relationship with parental characteristics (parental education level, parental BMI at baseline and parenting style dimensions) and child characteristics (gender, age, ethnicity and BMI z-score at baseline). Partial correlation was used to assess the associations between cluster scores and child dietary and activity behaviours. These analyses were corrected for the child and parent background characteristics mentioned above.


Results
Children had an average weekly fruit consumption of 7.4 pieces (SD=4.2; range: 0–28), an average weekly snack intake of 9.7 pieces (SD=5.8; range: 0–35) and an average weekly SSB intake of 9.1 glasses (SD=8.3; range: 0–42). Only 15% of the children met the recommended Dutch norm of at least 14 pieces of fruit per week [61]. On average, children went to school on foot or by bicycle on 4.3 days per week (SD=1.3; range: 0–5), played outside on 6.6 days per week (SD=0.8, range: 0–7), participated in a sport at a sports club on 2.5 days per week (SD=1.3; range: 0–7), watched television on 6.7 days per week (SD=0.89, range: 0–7) and played on the computer on 4.7 days per week (SD=2.0; range 0–7). Of all children, 75% commuted to school in an active way all 5 days of the school week, 77% played outside all 7 days of the week, 86% watched television all 7 days of the week and 32% played on the computer all 7 days of the week.
PCA revealed 5 parenting practice clusters (Table 2). The first cluster included a high visibility and accessibility of SSB and snacks, a high availability of screens in the child’s bedroom and a low score on parental healthy eating policies (‘high visibility and accessibility of screens and unhealthy food’ cluster). The second cluster included snack and SSB rules, screen-time rules and sports rules (‘diet- and activity-related rules’ cluster). The third cluster combined a low availability of snacks and SSBs with a low accessibility of snacks and SSBs (‘low availability of unhealthy food’ cluster). The fourth cluster included parental modelling of healthy eating, as well as low parental sedentary modelling, low parental snack intake and high accessibility of PA equipment (‘diet- and activity-related positive modelling’ cluster). The final cluster combined high parental sports days and high parental fruit intake with positive PA modelling (‘positive modelling on sports and fruit’ cluster). The five parenting practice clusters explained 32.0% of the variance in the original items. Cluster 1 and 2 were negatively correlated (r=-0.16), while cluster 2 and 4 (r=0.17) and 4 and 5 (r=0.12) were positively correlated. The remaining combinations of clusters were not related (r<0.10).Table 2
                        Component loadings of principal component analysis on diet- and activity-related parenting practices (n=1059, missings list wise)
                      


	Parenting practices
	Cluster 1: High visibility and accessibility of screens and unhealthy food
	Cluster 2: Diet- and activity- related rules
	Cluster 3: Low availability of unhealthy food
	Cluster 4: Diet- and activity-related positive modelling
	Cluster 5: Positive modelling on sports and fruit

	SSB visibility
	
                            0.768
                          
	0.100
	-0.091
	0.050
	0.028

	Snack visibility
	
                            0.736
                          
	0.116
	-0.145
	0.026
	0.023

	Healthy eating policies
	
                            -0.496
                          
	0.137
	-0.262
	0.160
	0.077

	Screen equipment availability in bedroom
	
                            0.440
                          
	-0.068
	0.075
	0.046
	-0.148

	Screen equipment accessibility
	0.329
	-0.180
	-0.128
	-0.224
	0.059

	Availability of PA equipment and play spaces
	-0.320
	0.033
	-0.213
	0.000
	0.249

	Parental SSB intake
	0.250
	-0.039
	-0.222
	-0.148
	-0.191

	Snack rules
	0.049
	
                            0.753
                          
	-0.099
	-0.117
	-0.030

	SSB rules
	-0.007
	
                            0.734
                          
	-0.057
	-0.016
	-0.038

	Screen time rules
	-0.036
	
                            0.698
                          
	0.068
	-0.083
	-0.006

	Sports rules
	-0.111
	
                            0.426
                          
	-0.126
	0.016
	0.167

	Active transport rules
	0.040
	0.347
	-0.215
	0.193
	-0.013

	PA policies
	0.140
	0.297
	0.132
	0.084
	0.272

	Parental active commuting days
	0.022
	0.187
	0.086
	-0.022
	-0.028

	Snack availability
	-0.086
	0.000
	
                            -0.674
                          
	-0.022
	-0.005

	SSB availability
	0.079
	-0.036
	
                            -0.649
                          
	0.021
	-0.106

	SSB accessibility
	
                            0.478
                          
	-0.043
	
                            -0.513
                          
	0.038
	-0.016

	Snack accessibility
	
                            0.424
                          
	0.032
	
                            -0.510
                          
	-0.053
	0.044

	Healthy eating role modelling
	-0.080
	-0.015
	-0.003
	
                            0.604
                          
	0.030

	Sedentary behaviour role modelling
	0.090
	-0.118
	-0.068
	
                            -0.564
                          
	0.287

	Parental snack intake
	-0.078
	0.097
	-0.349
	
                            -0.462
                          
	-0.110

	PA equipment accessibility
	0.004
	-0.046
	-0.243
	
                            0.403
                          
	0.218

	PA equipment visibility
	0.063
	-0.067
	-0.038
	0.384
	0.021

	Parental PA days apart from active commuting and sports
	0.012
	-0.023
	-0.031
	0.373
	0.065

	Parental screen days
	0.028
	-0.107
	-0.224
	-0.361
	0.108

	Screen equipment visibility
	0.168
	-0.117
	0.045
	-0.226
	0.216

	Parental sports days
	-0.116
	0.010
	0.094
	-0.207
	
                            0.547
                          

	PA role modelling
	-0.081
	0.002
	0.002
	0.193
	
                            0.541
                          

	Parental fruit intake
	-0.079
	0.129
	0.195
	0.027
	
                            0.445
                          

	Fruit availability
	-0.166
	0.039
	-0.212
	0.011
	0.358

	Fruit accessibility
	0.079
	-0.165
	-0.136
	0.139
	0.330

	Fruit rules
	0.118
	0.268
	0.178
	0.154
	0.316

	Fruit visibility
	0.274
	0.010
	0.253
	0.002
	0.283


PA: physical activity SSB: sugar-sweetened beverage.
Data printed bold indicate absolute component loadings larger than 0.4 (= part of the component).
Variance explained by component 1 = 10.6%; variance explained by component 2 = 6.4%; variance explained by component 3 = 5.7%; variance explained by component 4 = 5.0% and variance explained by component 5 = 4.3%.



Results of the regression analyses with the cluster scores as dependent variables (Table 3) showed that parents of non-western and western immigrant children, parents with a higher BMI, lower education and parents who used higher levels of psychological control scored significantly higher on the ‘high visibility and accessibility of screens and unhealthy food’ cluster. The ‘diet- and activity-related rules’ cluster was positively associated with a high parental education and with higher levels of behavioural control. Parents of non-western and western immigrant children as well as high-educated parents scored significantly higher on the ‘low availability of unhealthy food’ cluster. The ‘diet- and activity-related positive modelling’ cluster was positively associated with child BMI z-scores, negatively with parental BMI and psychological control, and positively with behavioural control. Finally, middle and high-educated parents and parents who used higher levels of behavioural control scored significantly higher on sports- and fruit-related positive modelling (cluster 5).Table 3
                        Child and parental characteristics related to cluster scores (standardized regression coefficients backward regression), n=981
                        
                          1
                        
                      


	 	Cluster 1: Hig visibility and accessibility of screens and unhealthy food2
	Cluster 2: Diet- and activity- related rules3
	Cluster 3: Low availability of unhealthy food4
	Cluster 4: Diet- and activity- related positive modelling5
	Cluster 5: Positive modelling on sports and fruit6

	
                            Child characteristics:
                          
	 	 	 	 	 
	Ethnicity: non-western (1) vs native Dutch (0)
	0.20***
	-
	0.23***
	-
	-

	Ethnicity: western (1) vs native Dutch (0)
	0.10**
	-
	0.14***
	-
	-

	Child BMI z-score at baseline (2008)
	-
	-
	-
	0.08*
	-

	
                            Parental background characteristics:
                          
	 	 	 	 	 
	Parental BMI
	0.12***
	-
	-
	-0.10**
	-

	Education: middle (1) vs low (0)
	-0.17***
	-
	-
	-
	0.10*

	Education: high (1) vs low (0)
	-0.25***
	0.15***
	0.15***
	-
	0.20***

	
                            Parenting style dimensions:
                          
	 	 	 	 	 
	Psychological control
	0.11***
	-
	-
	-0.12***
	-

	Behavioural control
	-
	0.14***
	-
	0.18***
	0.10**


1child characteristics: gender, age, ethnicity, BMI z-score; parental characteristics: parental education level, parental BMI; parenting style dimensions;
* correlation is significant at the 0.05 level (2-tailed); ** correlation is significant at the 0.01 level (2-tailed); *** correlation is significant at the 0.001 level (2-tailed).
2R2=0.14.
3R2=0.03.
4R2=0.09.
5R2=0.07.
6R2=0.04.



As shown in Table 4, partial correlations revealed that the cluster high in visibility and accessibility of screens and unhealthy food was negatively associated with child fruit intake, and positively with child snack intake, SSB intake and screen time. The diet- and activity-related rules cluster was positively associated with child fruit intake and child active transport, but negatively associated with child snack and SSB intake and child screen time. The cluster of low availability of unhealthy food showed negative associations with child snack and SSB intake as well as with child active transport and screen time. Positive parental modelling on dietary, PA and sedentary behaviour (cluster 4) showed positive associations with child fruit intake, child active transport and child outdoor playing, and negative associations with child snack and SSB intake and with child screen time. Positive parental modelling on sports and fruit was positively associated with child fruit intake and sports, as well as with child outdoor playing, and negatively with child SSB intake.Table 4
                        Associations between clusters of diet and activity-related parenting practices and child dietary and activity behaviours (partial correlation coefficients), n=10131
                      


	Cluster
	Child fruit intake
	Child snack intake
	Child SSB intake
	Child active transport to school
	Child outdoor playing
	Child sports participation at a sports club
	Child screen time

	1: High visibility and accessibility of screens and unhealthy food
	-0.08*
	0.07*
	0.10**
	-0.04
	-0.01
	0.01
	0.11**

	2: Diet- and activity- related rules
	0.08**
	-0.08*
	-0.12***
	0.15***
	0.02
	0.03
	-0.11**

	3: Low availability of unhealthy food
	0.06
	-0.19***
	-0.11***
	-0.09**
	-0.01
	-0.05
	-0.11**

	4: Diet- and activity- related positive modelling
	0.11***
	-0.26***
	-0.15***
	0.20***
	0.14***
	0.01
	-0.19***

	5: Positive modeling on sports and fruit
	0.30***
	-0.04
	-0.07*
	0.05
	0.12***
	0.16***
	0.03


SSB: sugar-sweetened beverage.
1Adjusted for child characteristics (gender, age, ethnicity and BMI z-score at baseline) and parental characteristics (parental education level, parental BMI at baseline and parenting style dimensions). Child dietary and activity behaviours were assessed in 2009 (=second assessment).




Discussion
This study investigated the clustering of parenting practices across the dietary and activity domain. We also examined whether these clusters are associated with child- and parent-related factors, and with child dietary and activity behaviours. As hypothesised, we found evidence for clustering within the dietary domain (e.g. clustering of SSB- and snack-related parenting practices) and within the activity domain (e.g. clustering of screen time rules and sports rules), which is in line with the few studies that reported on interdependencies between diet-related parenting practices [22, 23] and between activity-related parenting practices [23]. A new finding is that parenting practices cluster across domains: four out of five clusters included both diet- and activity-related parenting practices. In addition, parenting practices cluster on the type of home enviroment: two clusters represented the physical home environment (‘high visibility and accessibility of screens and unhealthy food’ and ‘low availability of unhealthy food’), one represented the policital home environment (the ‘diet- and activity-related rules’ cluster) and the two parental modelling clusters represented the socio-cultural home environment. These new findings are very relevant in terms of broadening the scientific knowledge base on the topic of parenting practices.
In the present study, parental modelling was assessed in two ways: using role modelling scales of the HES [23] and parent’s own behaviour. The diet- and activity-related positive modelling cluster (cluster 4) included two parental role modelling scales. They referred to parental healthy eating and sedentary behaviour that was directly observed by the child[23] (see example items in Table 1). This might imply the assessment of a more conscious way of parenting (a parenting practice) than when parental modelling is assessed by a parent’s own behaviour.
The diet- and activity-related positive modelling cluster (cluster 4) was more likely to be found in parents of heavier children who are lighter themselves, and express more behavioural control and less psychological control. This suggests that this might be a parental strategy in response to their child’s higher weight, particularly in normal weight parents. Similarly, diet- and activity-related positive modelling may be a stable parental strategy, reflecting normal weight parents’ own way of living [62], based on health beliefs. Finally, it may not be a parental strategy aimed at healthy dietary and activity behaviour in children, but rather a more unconscious way of parenting based on, for example, habits formed in early life. Similarly, the ‘diet- and activity-related rules’ cluster (cluster 2) might be a parental strategy based on health beliefs, but rule setting in the dietary and activity domain could also be part of a broader parental context of rule setting, based on, for example, parenting beliefs of strictness and involvement. This is supported by the finding that cluster 2 was positively related to behavioural control, which is an indicator of parental involvement.
There is evidence that parental education level indicates a broader parental context in which parenting practices operate [7, 63]. A non-supportive parental context might be reflected in cluster 1, the unhealthy cluster of making screens and unhealthy food visible and accessible at home, which was more likely to be found in low-educated parents, but also in minority groups, parents with a higher BMI and parents who use more psychological control (all found to be associated with a higher child weight and/or unhealthy lifestyle (e.g., [15, 56, 64]). In contrast, healthy clusters are generally more likely to be found in high(er)-educated parents. These findings are consistent with the well-established relationship between socioeconomic position and health, stating that the socioeconomically better-off do better on most measures of health status [65]. Our findings also suggest that low-educated parents are an important target group for intervention development aimed at improving clustered parenting practices. However, because of the explorative nature of our study, the results cannot yet be translated into far reaching implications for public health. Before interventions can be developed, more studies are needed to elucidate how clusters of parenting practices arise (e.g. whether execution of parenting practices is a deliberate or a more unconscious process, whether parents adapt their practices or not and based on which indicators) and how they can be influenced, especially in low-educated parents. Apart from individual factors (e.g. a lack of knowledge and skills about parenting or a lack of health consciousness), exploring the social context of low-educated parents may elucidate why they have less-favourable parenting practices than high-educated parents. Ways in which the social context of low-educated parents can place constraints on their individual choices is by shaping social norms and by providing less opportunities to engage in healthy behaviours. This may influence their own health behaviour [66], but also their health-related parenting practices. For example, group norms may ensure that low-educated parents pursue other values than health values, and because of neighbourhood safety problems, they may not encourage their children to play outside. To better understand parenting practices in low-educated parents, future studies should explore the influence of the social context.
To indicate the magnitude of their relevance, we examined whether the five clusters were related to child dietary and activity behaviour. We found that the separate clusters were related to both child dietary behaviour and child activity behaviour and, overall, in the hypothesised direction: the ‘high visibility and accessibility of screens and unhealthy food’ cluster was positively related to obesity-inducing behaviour (i.c. child snack intake, SSB intake and screen time) and negatively to obesity-reducing behaviour (i.c. child fruit intake), while the remaining healthy clusters were negatively related to obesity-inducing behaviour and positively to obesity-reducing behaviour. The strongest associations were found in the positive modelling clusters. Diet- and activity-related positive modelling was found to have the strongest associations with child snack intake, SSB intake, active transporting to school, outdoor playing and screen time, while positive modelling on sports and fruit was strongest related to child fruit intake and child sports participation. This underlines the potential of a clustered approach of parental modelling in the dietary and activity domain as a parental strategy to (subtly) improve children’s dietary and activity behaviour. However, in low-educated parents this implies changing their own behaviour, which may be harder to accomplish than, for example, introducing parental rules in the dietary and activity domain. As the diet- and activity-related rules cluster was positively related to cluster 4, setting rules might eventually be an indirect way to change parental role modelling in a positive way.
Our study has the strength of combining diet- and activity-related parenting practices, higher-order parental factors and child dietary and activity behaviours in one study, which is exceptional in this field of research[18]. In addition, our clustering approach, which is new in studies on parenting practices, seems to have potential as a starting point for interventions to assist parents in changing their child’s dietary and activity behaviour. Such interventions could be more efficient because of the synergic effect of a clustered approach. Nevertheless, some limitations should be mentioned. First, diet- and activity-related parenting practices were reported by the primary caregiver (mostly the mother), while research shows that, for example, for child PA paternal and not maternal role modelling is the main determinant [20]. Future studies should (ideally) include both parents to examine whether fathers and mothers have a differential influence on child dietary and activity behaviour. Second, there was low variability in responses for some parenting practices, e.g. fruit availability and accessibility, which might explain why these parenting practices are not part of a cluster. However, this could also be explained by analytical choices, namely choosing a cut-off point for component loadings of 0.4. Although this is in line with recommendations [67], cut-off points in previous studies ranged from 0.2 to 0.6 [68]. If, for example, a cut-off point of 0.3 had been used in our study, fruit availability, fruit accessibility as well as fruit rules would have been included in the positive modelling on sports and fruit cluster. Third, Cronbach’s alpha values of some of our parenting practices scales were relatively low. Although a Cronbach’s alpha ≥.6 is generally considered acceptable [69], some authors advocate different cut-off points. Finally, child dietary and activity behaviours were proxy reports of primary caregivers, which may evoke social desirability bias and lead to overestimation of obesity-reducing behaviours and underestemiantion of obesity-inducing behaviours [70–72]. In addition, child activity behaviours were reported in days per week which may not accurately reflect behaviour duration or energy expenditure, especially for outdoor playing and screen time.

Conclusions
The current study shows that parenting practices cluster on the type of home environment (i.e. physical, political and socio-cultural) while cutting across the dietary and activity domain. Several parental characteristics were related to the separate clusters, of which parental education level could be seen as an indicator of a broader parental context in which the clusters of parenting practices operate. A low parental education level was associated with the only unhealthy cluster, while a high(er) education level was associated with healthy clusters. Separate clusters were related to both child dietary behaviour and child activity behaviour in the hypothesised directions, indicating the relevance of the clusters in influencing child behaviour. Interventions that focus on clusters of parenting practices to assist parents, especially low-educated parents, in changing their child’s dietary and activity behaviour seems justified, but more studies are needed to further elucidate how clusters arise and how they can be influenced.
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