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Abstract
Background Despite numerous studies showing that diet and exercise in�uence mental health in children,
there is limited data available from representative populations of children and adolescents on the
relationship between regular healthy lifestyle behaviour and psychological health.

Methods Data were obtained from the New South Wales Child Population Health Survey, 2013–2014.
Parents were asked about diet, physical activity and screen time behaviours and completed the Strengths
and Di�culties Questionnaire (SDQ) for one child aged 5-15. Higher scores on the SDQ indicate poorer
psychological health and risk for mental health problems. Multivariable linear and logistic regression
models examined the relationships between dietary consumption, physical activity, screen time and SDQ
scores, adjusting for potential confounding.

Results Proportionally more children than adolescents met the guidelines for appropriate diet, physical
activity and screen time behaviours. Meeting screen time recommendations was most strongly
associated with a lower SDQ total di�culties score (5-10yrs: -1.56 (-2.68, -0.44); 11-15yrs: -2.12 (-3.11,
-1.12)). Children and adolescents who met screen time recommendations were also signi�cantly less
likely to have any score in the at-risk range. In addition, children and adolescents meeting vegetable
intake guidelines had a signi�cantly lower total di�culties score (5-10yrs: -1.54 (-3.03,-0.05); 11-15yrs:
-1.19 (-3.60,-0.39)), as did adolescents meeting discretionary food guidelines (-1.16 (-2.14,-0.18)) and
children consuming the recommended fruit intake (-1.26 (-2.42,-0.10)).

Conclusions Since adopting regular healthy lifestyle behaviours is associated with better psychological
health among children and adolescents, it is imperative that appropriate and effective interventions are
implemented to increase these healthy lifestyle behaviours among young Australians.

Background
Unhealthy diets, inadequate amounts of physical activity and increased sedentary behaviour in children
contribute to the development of obesity and other cardiovascular risk factors (1). International reviews
have found that healthy eating and physical activity in children and adolescents are also associated with
better mental health (2-5). Investigations into unhealthy lifestyle behaviours have shown that they
contribute to poorer health related quality of life and have a prolonged negative in�uence on
psychological health (2, 6-8). Increased electronic screen time is an issue of growing concern across all
developed countries (9, 10), due to evidence of its contribution to increased sedentary behaviour and a
host of other undesirable outcomes, including poorer quality of life and behavioural and psychological
di�culties (11-14).

There are concerns about the prevalence of mental health problems among Australia’s young people, with
a large-scale study identifying mild to severe mental disorders in 14% of 4-17 year olds (15). Among
younger Australian children, higher diet quality has been associated with better mental health (16), whilst
greater physical activity has been linked to fewer depressive symptoms in adolescents.(17). High levels
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of discretionary food intake (18, 19) and reduced consumption of fresh fruit and leafy green vegetables
(20) have both been linked with adverse adolescent mental health outcomes. The high prevalence of
some unhealthy lifestyle behaviours including inappropriate screen time, excess discretionary food intake
and low vegetable consumption, indicate that many Australian children may be at risk of experiencing
sub-optimal mental health (10, 21, 22). Differences in lifestyle behaviours between children and
adolescents supports the need to examine mental health outcomes in these age groups separately (21).

Childhood and adolescence is likely to be a critical time for establishing good mental health but there is
still much to be learned about factors that may have a positive impact on psychological health in
childhood (23, 24). The evidence for the relationship between children’s health behaviours and mental
health remains weak, so more research is needed (5). While some studies have pointed to the value of an
overall healthy lifestyle (7), there is currently an inadequate understanding of the relative importance of
the different behaviours that make up a healthy lifestyle, and how each contributes to children’s
psychological health. Additionally, research has frequently been conducted among select samples, and
often without adequate control for confounding factors, (4) so more analysis of population-based data is
needed. The aim of this analysis was to examine the association between key healthy lifestyle
behaviours—diet, physical activity and recreational screen time—and risk for mental health problems in a
representative population of children aged 5 – 15 living in New South Wales, Australia.

Methods
Data source

Data were obtained from the New South Wales (NSW) Child Population Health Survey (CPHS), 2013 –
2014 (25). The CPHS is a component of the NSW Population Health Survey (PHS), an ongoing survey of
health and health related behaviour among people living in NSW, Australia’s most populous state,
comprising approximately one third of the Australian population. The NSW Ministry of Health conducts
the survey using computer-assisted telephone interviewing and randomly selected landline and mobile
phone numbers. The data are weighted in order to be representative of the NSW population and to
account for the probability of selection.

The CPHS is completed by a parent on behalf of one child or adolescent in their care, aged between 0 and
15, with the Strengths and Di�culties Questionnaire (SDQ) component completed by parents of children
aged 4-15. Survey participants provide verbal informed consent and the survey has been approved by the
NSW Population and Health Services Research Ethics Committee. Further information on the survey and
methods are available from the NSW Ministry of Health Child Population Survey website (25). Our study
was restricted to children aged 5-15 years since parents were only asked about physical activity for
children 5-15 years.

Exposure measures
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Diet: For dietary measures, parents were asked to estimate the number of serves of various types of foods
and beverages their child usually consumed per day. A serve of fruit was de�ned as one medium or two
small pieces of fruit, or one cup of diced pieces, and a serve of vegetables was de�ned as half a cup of
cooked or one cup of salad vegetables. Intake of discretionary foods (26) was estimated based on
questions about the number of times in a day/week/month children ate the particular foods.
Discretionary foods included processed meat, salty snacks, fried potato products, sugary baked goods,
fast food, cordial or other sugar-sweetened beverages, and confectionary (26). Appropriate discretionary
food consumption was de�ned as consuming these foods less than three times per week, following
Boylan et al. (21). Dietary indicators for fruit and vegetable consumption were based on meeting age-
appropriate Australian Dietary Guidelines (Table S1) (27), as survey answers were provided in whole
numbers, however, half serves in the recommendations were rounded up to whole serves. This only
applied to girls and boys aged 5-8 for fruit and vegetable consumption and boys aged 12-15 for
vegetable consumption (see Supplementary Table S1).

Activity: For activity measures, parents were asked to estimate the amount of time their child spent doing
physical activity during school hours, outside of school hours and on the weekend, from which total daily
average estimates for time spent in physical activity were calculated. Similarly, parents estimated the
amount of time their child engaged in screen time activities at home (TV, videos/DVDs, computer games)
during the school week and on weekends and total daily average estimates for screen time were
calculated. Physical activity and screen time indicators were based on meeting Australia’s Physical
Activity and Sedentary Behaviour Guidelines for children and adolescents (see Table S1)(28, 29).

Outcome measures

The outcome measures were based on the SDQ which is part of the CPHS questionnaire and completed
by all consenting parents caring for a child aged 4-15. The SDQ is a behavioural screening tool for
assessing child and adolescent mental health (30) and has been used successfully in populations of
Australian children (16, 31). A higher total score relates to a higher level of psychological distress
(maximum score of 40) and is predictive of diagnosed mental health problems (30). The SDQ comprises
25 attributes on �ve scales: 1) emotional symptoms, 2) conduct problems, 3) hyperactivity or inattention,
4) peer relationship problems, and 5) prosocial behaviour, and a total di�culties score obtained by
adding scores from the �rst four scales. A score of 5–10 for emotional symptoms, 7-10 for
hyperactivity/inattention, 4–10 for conduct or peer relationship problems, and 0–4 for prosocial
behaviour indicates a child is at risk of experiencing problems in that area.

Confounders

Potential confounders included in the analysis were age, sex, body mass index (BMI), mother’s highest
education quali�cation (indicator of socioeconomic status), family structure (single parent family) and
remoteness of residence. Residential postcode was used to determine remoteness through the
Accessibility/Remoteness Index of Australia (ARIA) (32).
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Statistical methods

Population level mean and median fruit, vegetable and discretionary food intake, along with hours per
day of screen time and physical activity are reported in Table 2.

Multivariable logistic regression models were used to test whether meeting recommendations for each of
these lifestyle behaviours was associated with having a score in the at-risk range in any of the �ve SDQ
sub-scales. Logistic regression was also used to examine the association between each diet or activity
behaviour and having an at-risk score in each sub-scale individually. Adjustments for demographic
confounders were included in each model. A multivariable linear regression model was used to test for an
association between the diet and activity behaviours and the total di�culties score. The model included
all �ve diet and activity recommendations, to control for the effect of each recommendation on the other,
as well as demographic confounders. Regression models for problems in individual SDQ domains were
not analysed due to low cell numbers. Survey weights were included in all models, with models run using
the Survey Package in R (33). Children/adolescents missing data for any variable included in a model
were excluded from that model.

As the distribution of the total di�culties score was right-skewed, a sensitivity analysis was performed
using a square-root transformation. The sensitivity analysis con�rmed only negligible differences
between the transformed and raw scores, so analysis using raw scores is presented.

Results
Sample characteristics

Of 2665 respondents (2013: n=1247, 2014: n=1418), 2644 (99.2%) had complete age, sex and SDQ data.
Among the children (aged 5-10 years), 1341 (98.1%) had complete diet information, and 1277 (93.4%)
had complete activity information, while among adolescents (aged 11-15 years), 1257 (98.4%) had
complete diet information and 1183 (92.6%) had complete activity information. Characteristics of the
survey participants are summarised in Table 1. Males made up 50.0% of child and 51.1% of adolescent
respondents. Most children met the fruit recommendations compared to just over half the adolescents,
whilst only very small proportions across both age groups met vegetable intake recommendations.
Physical activity recommendations, to be active 60 minutes or more each day, were met by 74.9% children
and 66.9% of adolescents. Lower proportions of both children (65.6%) and adolescents (51.6%) met
screen time recommendations.

Population level mean and median food intake and activity levels are presented in Table 2. Both children
(aged 5-10 years) and adolescents (aged 11-15 years) consumed an average of two serves of fruit and
two serves of vegetables per day. The median screen time for children per day was 1.5 hours (IQR=1.0-
2.3), whilst adolescents spent approximately two hours a day in front of a screen (mean=2.1, SE=0.06,
median=1.8, IQR (1.1-2.5).
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SDQ sub-scales

In the crude analysis, children (aged 5-10) who met the discretionary food recommendations, and both
children and adolescents (aged 11-15) who met the screen time recommendations were signi�cantly less
likely to have any SDQ score in the at-risk range (Table 3). After adjustment for potential confounders, the
signi�cantly lower likelihood of any at-risk score on the SDQ remained only for meeting the screen time
recommendations, in both children and adolescents (Table 3). Furthermore, meeting screen time
recommendations was signi�cantly associated with a reduced likelihood of an at-risk score in each of the
SDQ sub-scales for children and two of the �ve subscales for adolescents (Table S2).

SDQ total di�culties score

The mean total di�culties score on the SDQ was 7.8 (SE = 0.25, median = 6.7, IQR = 3.8-10.4) for children
(aged 5-10), and 7.4 (SE= 0.25, median = 5.8, IQR = 2.9-9.8) for adolescents (aged 11-15). Meeting the
vegetable intake recommendations or screen time recommendations was signi�cantly associated with a
lower total di�culties score in both age groups after adjustment for potential confounders (Table 4).
Meeting fruit recommendations in children and discretionary food intake in adolescents was also
associated with a signi�cantly reduced total di�culties score.

A multivariable analysis including all diet and activity indicators in a single model, adjusted for
demographic factors, showed that after accounting for other health behaviours, only meeting screen time
recommendations had a signi�cant association with a lower total di�culties score in both age groups
(Table 5). Meeting the vegetable intake recommendation was also signi�cantly associated with a lower
total di�culties score after adjusting for the other indicators, for adolescents only (Table 5). Model
estimates for demographic confounders are provided in Table S3.

Discussion
Our secondary analysis indicates that NSW children and adolescents who have healthy lifestyle
behaviours, especially appropriate screen time and healthier diets, are less likely to experience
psychological di�culties. For children and adolescents who met recommendations for screen time there
was a signi�cant and consistent bene�t in terms of a reduced SDQ total di�culties score. The results for
diet were slightly different for adolescents and children and showed some variation in the effects of the
different dietary behaviours but indicate a bene�t for meeting at least some dietary recommendations.
Since even a small increase in the SDQ total di�culties score has been shown to indicate increased risk
of diagnosed mental health problems (30), maintaining a healthy lifestyle may prevent the development
of psychological di�culties or mental health problems in children and adolescents.

We demonstrated that of all the included healthy lifestyle behaviours, screen time above recommended
levels was most strongly associated with a higher total di�culties score and therefore risk for poorer
mental health outcomes. This is in line with other studies which have shown a relationship between
greater screen time and poorer quality of life, depression and other mental health problems (9, 34–36).
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Amounts of screen time and mental health are related (3, 37), most probably bi-directionally: poorer initial
mental health predicts higher screen time (and declining physical activity levels), whilst increases in
anxiety are associated with increasing screen time (8, 38, 39). Compared to children, we identi�ed that
proportionally fewer adolescents met the screen time recommendations, in agreement other Australian
population studies (22) and international �ndings (9). This reinforces adolescence as a particularly
critical time for reducing mental health related risk behaviours.

We did not �nd a statistically signi�cant association between physical activity and mental health,
however we did observe a tendency for both children and adolescents who met physical activity
recommendations to have lower SDQ scores. Some researchers have found evidence for an association
between physical activity and lower rates of depression and anxiety, or more positive self-perceptions and
self-esteem, but a review concluded that the evidence base is limited (3, 24). It may also be important to
differentiate between types of physical activity since many studies showing a positive relationship used
acute exercise sessions as the exposure variable (40) whereas we examined regular physical activity
participation that met recommended levels. A similar need to examine activity types, intensity and
contexts has been found in adult studies (41).

Adequate fruit and vegetable intake, and lower discretionary food consumption, were all associated with
a lower total di�culties score, although somewhat differentially among children and adolescents. High
discretionary food intake appears to be more important for the psychological health of adolescents, this
is consistent with previous studies, which have also shown that discretionary foods play an signi�cant
role in adolescent mental health (42) (19, 20). In children, eating su�cient amounts of fruit was important
for mental health, which has also been shown in a number of studies (2). A number of studies have
found an association between an unhealthy diet and mental health in children and/ or adolescents, and
while measures differed, high consumption of discretionary foods has often been used to de�ne an
unhealthy diet (4).

Few studies have examined in detail the contribution of fruit and vegetable consumption to good mental
health (4). Oddy et al. noted a positive relationship for fruit and leafy green vegetables but not for other
types of vegetables (20) while Renzaho et al found no relationship between vegetable consumption and
SDQ scores, although they did not examine the effect of meeting guidelines for fruit and vegetables (43).
Nevertheless, only a very small proportion of NSW children and adolescents are meeting the guidelines
for vegetable consumption, consistent with our previous research in the Australian National Health
Surveys (44), so our �ndings indicate that few children and adolescents are receiving the potential mental
health bene�ts.

Over half of the children and adolescents met the screen time recommendations. This is based on parent
self-report and it is likely that the amount of screen time use among children and adolescents in NSW is
much higher than identi�ed in the CPHS (22). Efforts should therefore be made to improve estimations of
screen time use, particularly as the situation is likely to have worsened in recent years because of the
proliferation of screen devices now used by children and adolescents. This study provides evidence of a
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relationship between meeting recommendations for healthy lifestyle behaviours and having better results
on the SDQ for NSW children aged 5–15 years, and supports the �ndings of previous studies about the
importance of these lifestyle behaviours for mental as well as physical health in children and young
people (2, 7, 16).

Strengths and limitations

A key strength of our study is that we used the results of a validated child psychological di�culties
questionnaire in a population sample of children and adolescents to examine if there were associations
with important regular healthy lifestyle behaviours. Our analysis adjusted for a wide range of
socioeconomic and family factors (such as parent’s education and single parent families) which are
independently associated with diet, physical activity and overall healthy lifestyle. We also adjusted for
BMI, as overweight and obesity is likely to be an important confounder in the diet and mental health
relationship (45). These adjustments increase the reliability of our �ndings. We used the linear scale for
the SDQ total di�culties score, rather than cut-offs for diagnosed mental health problems (30), since our
aim was to examine whether differences in scores were associated with the healthy lifestyle behaviours.
The SDQ is an appropriate tool for measuring psychological di�culties in children as it also captures
issues less serious than diagnosed mental health problems, but the results can predict risk for the
development of more serious problems. (30). The mean total di�culties score for our sample of NSW
children was similar to the mean found for parent report in an earlier Australian study (31).

Our analysis, however, has some limitations. The proportions meeting the healthy food guidelines may
have been slightly underestimated since the survey questions were unable to detect half serves and
therefore the recommendations were increased to be a whole serve for a portion of the sample. In
consumption guidelines for children, a serve of discretionary food is based on kilojoules, so the amount is
different for each type of food and we were unable to take this into account. This may have resulted in
underestimating the proportion of children meeting discretionary food guidelines. We were also not able
to adjust for overall energy intake as this data was not collected.

Data were based on parent report, which may have over or underestimated diet and activity according to
social desirability bias or lack of information (e.g. di�culty estimating physical activity during school
hours). Self-reported data on screen time in adolescents shows a lower prevalence meeting guidelines
(22), and psychological di�culties have been found more likely to be reported by children themselves
compared to parents (31), suggesting that unhealthy behaviours and di�culties may have been
underestimated.

In addition, there was a higher proportion of missing data for the screen time indicator (7%) compared to
other variables and the questions used in 2012/2013 may not have adequately captured the full range of
screen time activities, particularly leisure screen time on hand held devices, although this was likely far
less common in 2012/2013 than now. Our data are cross-sectional and therefore reverse causality, or a
bi-directional effect, cannot be ruled out.
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Conclusions
Improving mental health and well-being among children and adolescents is a global health priority. Our
research indicates that NSW children and adolescents who have better dietary behaviours and lower
screen time have better psychological health. The strong association between appropriate screen time
and better psychological health observed in this study is particularly important in view of rising concerns
about the impact of screen time, particularly small screens, on children’s mental health and well-being (10,
46). The results strengthen the evidence for the association between lifestyle behaviours and child
mental health in Australia and globally, and highlight the importance of implementing policies and
interventions to support children and families to achieve healthy lifestyles.
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Tables
Table 1. Survey sample characteristics, food and activity behaviours and emotional and behavioural
problems from the NSW Child Population Health Survey, 2013-2014
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Characteristic 5-10 yrs

N=1367

11-15 yrs

N=1277

  n % n %

Sex        

    Male 684 50.0 653 51.1

    Female 683 50.0 624 48.9

Mother’s highest quali�cation§        

   Year 10 certi�cate or diploma 143 11.2 195 16.3

   Completed High School (HSC) 158 12.3 141 11.8

   Tertiary certi�cate or diploma 363 28.3 383 32.1

   University or other tertiary degree 619 48.3 475 39.8

Body Mass Index        

   Overweight or obese 220 24.2 213 20.8

Single parent family 318 23.3 356 27.9

Remoteness        

  Major cities 769 56.3 702 54.9

  Regional or remote 598 43.7 576 45.1

Food and activity behaviours        

Met fruit recommendation 971 71.7 736 58.1

Met vegetable recommendation 80 5.9 60 4.8

Met discretionary food cut off 716 52.4 626 49.0

Met PA recommendation 1016 74.9 849 66.9

Met screen time recommendation 840 65.6 612 51.6

Emotional and behavioural problems        

Emotional symptoms 144 10.5 198 15.5

Conduct problems 105   7.7 85   6.7

Hyperactivity-inattention 163 11.9 124   9.7

Peer problems 105   7.7 167 13.1

Prosocial behaviour 28   2.1 37   2.9
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Any problemsβ 333 24.3 338 26.5

# 33 children (1.2%) missing data

§  167 children (6.3%) missing data

β At least one problem score in any of the SDQ scales

Note: there were higher levels of missing data for screen time (87 (6.3%) for 5-10 year olds and 91 (7.1%)
for 11-15 year olds)

Table 2. Mean and median values for dietary and activity behaviours and total di�culties score, strati�ed
by age.

Behaviour 5-10 yrs 11-15 yrs

 

  Mean (SE) Median (IQR) Mean (SE) Median (IQR)

Fruit serves per day 2.1 (0.04) 1.9 (1.0-2.6) 1.9 (0.07) 1.8 (0.9-2.0)

Vegetable serves per day 2.0 (0.05) 1.8 (0.9-2.9) 2.2 (0.06) 1.8 (0.9-2.9)

Discretionary food serves per day 0.6 (0.03) 0.0 (0.0-0.6) 0.7 (0.03) 0.0 (0.0-0.7)

PA hours per day 1.9 (0.06) 1.5 (0.9-2.3) 1.6 (0.06) 1.3 (0.7-2.1)

Screen time hours per day 1.8 (0.05) 1.5 (1.0-2.3) 2.1 (0.06) 1.8 (1.1-2.5)

Data has been weighted to be representative of the NSW population

Table 3. Unadjusted and adjusted odds ratios of having any emotional, behavioural or social problem as
assessed by the Strengths and Di�culties Questionnaire (SDQ), by diet and physical activity indicators.
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  Any Problem

Unadjusted OR (95% CI)

Any Problem

Adjusted OR (95% CI)

Factor 5-10 yrs 11-15 yrs 5-10 yrs 11-15 yrs

Fruit serves per day 0.72 (0.49-
1.05)

0.80 (0.55-
1.18)

0.74 (0.45-
1.24)

0.98 (0.62-
1.54)

Vegetable serves per day 0.54 (0.23-
1.25)

0.92 (0.41-
2.07)

0.39 (0.13-
1.16)

0.86 (0.31-
2.35)

Discretionary food serves per
day

0.60 (0.42-
0.88)*

0.81 (0.55-
1.19)

0.76 (0.47-
1.25)

0.85 (0.51-
1.25)

PA hours per day 0.84 (0.58-
1.23)

0.69 (0.46-
1.05)

0.90 (0.55-
1.49)

0.68 (0.41-
1.12)

Screen time hours per day 0.40 (0.27-
0.59)*

0.54 (0.36-
0.82)*

0.52 (0.32-
0.87)*

0.48 (0.29-
0.79)*

*p<0.05, each indicator was included in a separate model, adjusted for age, sex, BMI, mother’s highest
quali�cation, family structure (single parent family), and remoteness.

Table 4. Unadjusted and adjusted mean difference in total di�culties score, between those who met the
diet, physical activity and lifestyle indicators and those who did not (adjusted for demographic factors).

  Unadjusted mean difference
(95% CI)

Adjusted mean difference (95%
CI)

Indicator 5-10 yrs 11-15 yrs 5-10 yrs 11-15 yrs

Met fruit recommendation -1.18
(-2.22,-0.15)*

-0.65
(-1.63,0.34)

-1.26
(-2.42,-0.10)*

0.00
(-1.06,1.05)

Met vegetable
recommendation

-1.64
(-2.99,-0.30)*

-2.06
(-3.61,-0.51)*

-1.54
(-3.03,-0.05)*

-1.19
(-3.60,-0.39)*

Met discretionary food limit -1.25
(-2.21,-0.29)*

-1.31
(-2.29,-0.34)*

-0.96
(-1.97,0.04)

-1.16
(-2.14,-0.18)*

Met PA recommendation -0.90 (-1.91,
0.12)

-0.86
(-1.86,0.15)

-0.74
(-1.76,0.28)

-0.68
(-1.62,0.26)

Met screen time
recommendation

-2.69
(-3.81,-1.57)*

-2.23
(-3.24,-1.21)*

-1.60
(-2.70,-0.50)*

-2.18
(-1.36,-1.20)*

*p<0.05, Each indicator was included in a separate model, adjusted for year of age, sex, BMI, mother’s
highest quali�cation, family structure (single parent family) and remoteness.

Table 5. Multivariable analysis of diet and activity factors predictive of total di�culties score in Strengths
and Di�culties Questionnaire (SDQ) children/adolescents aged 5-15 years, strati�ed by age.
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   Mean Total Di�culties Score Difference

  5-10 yrs 11-15 yrs

 

Met fruit recommendation -0.90 (-2.10, 0.30)  0.26 (-0.86, 1.38)

     

Met vegetable recommendation -0.90 (-2.47, 0.66) -1.77 (-3.53, -0.01)*

     

Met discretionary food limit -0.67 (-1.74, 0.39) -0.95 (-1.97, 0.08)

Met PA recommendation -0.30 (-1.34, 0.74) -0.44 (-1.42, 0.55)

     

Met screen time recommendation -1.56 (-2.68, -0.44)* -2.12 (-3.11, -1.12)***

     

*** = P<0.001, **= P <0.01, *=P<0.05. All factors were included in a single multivariable model, adjusted
for age, sex, BMI, mother’s highest quali�cation family structure (single parent family), and remoteness.
Estimates for demographic factors are provided in Table S3.
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