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Risk factors for excess body fatness in New Zealand
children

James Scott Duncan MSc (Hons), Grant Schofield phD, Elizabeth Karndu Duncan BTech

(Hons) and Elaine Caroline Rush PhD

Centre for Physical Activity and Nutrition Research, Auckland University of Technology, Auckland, New Zea-

land

Objective: To identify demographic and lifestyle risk factors for excess body fatness in a multiethnic sample of
New Zealand children. Design: Cross-sectional study. Participants: A total of 1229 European, Polynesian, Asian,
and ‘Other’ children aged 5-11 y (603 male, 626 female) living in New Zealand. Measurements: Percentage
body fat (%BF) was measured using hand-to-foot bioelectrical impedance analysis, and overfat participants were
defined as those with a %BF greater than 25% (boys) and 30% (girls). A parent proxy questionnaire was devel-
oped for assessing demographic and lifestyle factors, and multiday memory pedometers were used to estimate
physical activity levels over five days. Results: After controlling for differences in sex, age, and socioeconomic
status (SES), Asian children were more likely to have excess body fat than European children. The adjusted odds
of overfat also increased with age and decreased with SES. Three lifestyle risk factors related to fat status were
identified: low physical activity, skipping breakfast, and insufficient sleep on weekdays. Clustering of these risk
factors resulted in a cumulative increase in the prevalence of overfat. Active transport, sports participation, lunch
bought at school, fast food consumption, sugary drink consumption, and weekend sleep duration were not associ-
ated with fat status after adjustment for the selected demographic variables. Conclusion: The findings from this
study enhance our understanding of the risk factors for excess body fatness in New Zealand children, and high-

light key demographic and lifestyle priorities for future interventions.

Key Words: obesity, ethnicity, diet, physical activity, sleep

INTRODUCTION

The prevalence of overweight and obesity in children has
reached epidemic proportions in many countries. Given
the long-term economic and public health consequences
associated with childhood obesity, the development of
preventative strategies for reducing the accretion of ex-
cess fat in young people is essential. However, obesity is
a complex disorder that is modulated by interactions be-
tween environmental and behavioral factors, and conse-
quently isolating the key predictors of obesity in young
people can be challenging.

Potential risk factors for obesity are commonly catego-
rized as either demographic (non-modifiable) or lifestyle
(modifiable) factors. An understanding of the demo-
graphic risk factors related to obesity can help prioritize
the population groups to be targeted by public health ini-
tiatives. For example, there is evidence that the preva-
lence of childhood obesity in developed countries is rela-
tively high among certain ethnic minorities'™ and in those
from underprivileged backgrounds.*® Nonetheless, the
interplay between socioeconomic status (SES) and ethnic-
ity and their effects on obesity remain unclear. It has been
hypothesized that the high occurrence of obesity in some
ethnic minorities is due to their overrepresentation in low
socioeconomic regions.” Subsequent research suggests
that SES is not the only contributor to ethnic differences
in childhood obesity, but that other ethnic-specific vari-

ables (e.g., body composition, culture, maturation) may
have important roles.*'°

While demographic risk factors are useful for isolating
the population groups most susceptible to obesity, life-
style factors reflect the underlying behaviors that promote
excessive fat accumulation. A wide range of potential
lifestyle risk factors for childhood obesity have been in-
vestigated with variable results.'" The most consistent
predictors of obesity in children are low levels of physical
activity,'>'® unhealthy dietary patterns,'*?* and insuffi-
cient sleep.*?'** However, there is limited information
describing the interactions among multiple risk factors
and their cumulative (or confounding) effects on chil-
dren’s adiposity. The only study to address this issue in-
vestigated overweight and obesity in German children
aged 5-7 years with various combinations of three demo-
graphic risk factors (parental overweight, low SES, and
high birth weight).” On average, children that had two
risk factors were more likely to be overweight or obese
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than those with single risk factors, with the highest preva-
lence values observed when all three risk factors were
combined. The potential effects of clustering modifiable
risk factors have yet to be assessed.

Further complications arise when the different methods
used to classify obesity in children are considered. Most
previous studies have used age- and sex-specific body
mass index (BMI) percentiles to define obesity. This is
despite evidence that BMI may not provide an equivalent
estimate of body fatness across different ethnic groups
due to its inability to distinguish between fat and fat-free
mass.*** Furthermore, the relationship between the BMI
percentiles used to define childhood obesity and negative
health outcomes is uncertain. As such, risk factors for
BMI-determined obesity may not necessarily correspond
to a higher risk of morbidity. Several studies have pro-
posed sex-specific percentage body fat (%BF) limits
ranging from 20% to 30% that coincide with elevated risk
of health complications in children.**® These health-
related %BF criteria may provide more relevant reference
points for determining obesity risk factors than existing
BMI standards.

It is clear that an awareness of the factors associated
with excessive fat accrual in children is essential to coun-
teract the current obesity trends. Despite evidence that the
average BMI of young New Zealanders is rapidly increas-
ing,” there is no information describing the predictors of
body fatness in this population. Thus, the primary objec-
tive of this study was to identify key demographic and
lifestyle factors associated with increased risk of excess
adiposity in a multiethnic sample of New Zealand chil-
dren. A secondary objective was to examine the effects of
risk factor clustering on the prevalence of overfat in chil-
dren.

METHODS

Participants

A total of 1229 children (603 boys, 626 girls) aged 5-11
years were randomly selected from 27 primary (elemen-
tary) schools in Auckland, New Zealand. Participating
schools were purposively sampled to replicate the geo-
graphic and socioeconomic distribution of primary
schools in the Auckland district. The ethnic composition
of the sample was 46.8% European (283 boys, 292 girls),
33.1% Polynesian (201 boys, 206 girls), 15.9% Asian (99
boys, 97 girls), and 4.1% from other ethnicities (20 boys,
31 girls). The Polynesian ethnic group composed of Pa-
cific Island (58.2%) and Maori (41.8%) children, and the
Asian group composed of Indian (38.3%), Chinese
(21.9%), Korean (13.8%), Filipino (9.7%), Sri Lankan
(4.1%), and Other Asian (12.2%) children. SES was esti-
mated using the Ministry of Education decile classifica-
tion system for New Zealand primary schools. For the
purposes of this study, participants from schools with a
decile rating between 1 and 3 were categorized into the
‘Low’ SES group, and those from schools rated between
4 to 7 and between 8 to 10 were considered ‘Middle’ and
‘High’, respectively. Ethical approval for this study was
obtained from the Auckland University of Technology
ethics committee. Written informed consent was provided
by each participant and his or her legal guardian.

Measurements and procedures

The height of each participant was measured to the near-
est millimeter with a portable stadiometer (Design No.
1013522, Surgical and Medical Products, Seven Hills,
Australia), and weight was assessed to the nearest 0.1 kg

on a digital scale (Model Seca 770, Seca, Hamburg, Ger-
many). Body mass index (BMI) was calculated as weight
(kg) divided by height squared (m®). Resistance (R) meas-
urements were obtained at 50 kHz using a bioelectrical
impedance analyzer (Model BIM4, Impedimed, Capalaba,
Australia) with a tetrapolar arrangement of self-adhesive
electrodes (Red Dot 2330, 3M Healthcare, St Paul, MN,
USA). After swabbing the skin on the right hand and foot
with alcohol, source electrodes were placed on the dorsal
surface of the foot over the distal portion of the second
metatarsal, and on the hand on the distal portion of the
second metacarpal. Sensing electrodes were placed at the
anterior ankle between the tibial and the fibular malleoli,
and at the posterior wrist between the styloid processes of
the radius and ulna. Testing was initiated after the partici-
pants emptied their bladder, and had been lying supine
with their arms and legs abducted for at least 10 min.
Testing was completed when repeated measurements of R
were within 1 Q of each other. Fat and fat-free mass were
calculated from R, height, and weight using a prediction
equation previously validated in New Zealand children.*
%BF was derived as fat mass divided by weight and mul-
tiplied by 100. Boys and girls were classified as ‘overfat’
if their %BF exceeded 25% and 30% (respectively).”

Sealed multiday memory pedometers (Model NL-2000,
New Lifestyles Inc, Lee’s Summit, MO) were used to
measure daily steps over three weekdays and two week-
end days. An overall mean step count was obtained after
scaling the averaged data by a ratio of five weekdays to
two weekend days. Recent step count guidelines of
16 000 (boys) and 13 000 (girls) steps per day’® were
used to categorize participants into ‘active’ and ‘inactive’
groups. Data were excluded if participants did not wear
their pedometer for more than one hour on a given day (as
determined by a parent proxy questionnaire). Daily step
counts below 1 000 or above 30 000 were regarded as
outliers and were removed.’'

A proxy questionnaire was administered to the parents
of each participant to collect information about potential
risk factors for obesity while avoiding the recall error
associated with self-report surveys in children.’> Parents
were asked how their child usually traveled to and from
school, with responses grouped into active (walking, cy-
cling) or motorized transport (car, bus, train). Frequency
of breakfast, fast food, and sugary drink consumption in
the last full week was determined (servings per week), as
were the number of weekdays the participants purchased
lunch at school (zero to five days). Participation in organ-
ized sport outside of school was assessed for the last full
week (zero to seven days). Parents were also asked what
time their child usually goes to bed and gets up from bed
on weekdays and weekends. The difference between the
two times provided the total minutes of sleep for each
participant.

Statistical analyses

Data were analyzed using SPSS version 14.0 for Win-
dows (SPSS Inc., Chicago, IL). Differences in participant
characteristics (age, height, weight, BMI, and %BF) be-
tween sexes and among ethnic groups were assessed by
two-way ANOVA, with significant associations exam-
ined by pairwise comparisons using t-tests. Logistic re-
gression analysis was used to investigate associations
between excess body fatness and selected demographic
and lifestyle variables. Odds ratios for each category were
adjusted for the four demographic factors (sex, age,
ethnicity, and SES), and then by all 13 factors
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concurrently. Ethnic differences in the frequencies of sex,
age, and SES categories were examined using the chi-
squared test. Analysis of covariance was used to compare
the mean %BF between children with and without se-
lected risk factor clusters while adjusting for age, ethnic-
ity, and SES. Differences in the prevalence of overfat
were examined using chi-squared analysis. A p value less
than 0.05 was used to indicate statistical significance.

RESULTS

The physical characteristics of the three major ethnicities
in this study are presented in Table 1. No significant dif-
ferences in age or height were observed between sexes or
among ethnic groups. Polynesian boys and girls were
heavier and had higher BMI values than their European
and Asian counterparts. European children had less body
fat than Polynesian and Asian children of the same sex,
although the difference between European and Asian girls
was not statistically significant. Boys averaged less body
fat than girls across the whole sample and within each
ethnic group.

Table 2 shows the unadjusted, partially adjusted (sex,
age, ethnicity and SES), and fully adjusted (all factors)
odds ratios for excess body fatness for each of the demo-
graphic and lifestyle variables assessed. Unadjusted
analyses indicated significant associations between fat
status and age, ethnicity, SES, physical activity, breakfast,
bought lunch, fast food, sugary drinks, and weekday sleep.
Adjusting for differences in sex, age, ethnicity, and SES
negated associations between fat status and bought lunch,
fast food, and sugary drink consumption. However, the
partially adjusted odds ratios for three of the four demo-
graphic variables remained significant. The odds of over-
fat increased with age; 11-12-year-old children were 15.4
times more likely to be overfat than those aged 5-6 years.
In addition, children from the low SES group were 1.6
and 2.7 times more likely to have excess body fatness
than children in the middle and high groups, respectively.
While Asian children were 1.8 times more likely to be
overfat than European children, differences were not sig-
nificant for the other two ethnic groups. In the fully ad-
justed model, bought lunch and sugary drink consumption
were restored as significant variables, whereas ethnicity
became non-significant.

Table 1. Participant characteristics; results are mean + SD."

It is clear that adjusting for demographic differences
had a noticeable effect on the odds of overweight between
ethnic groups, but not between sex, age, or SES catego-
ries. Further analyses revealed no significant variation in
sex (p =0.539) or age (p = 0.561) distributions among the
ethnic groups. In contrast, the SES distribution differed
significantly by ethnicity (p <0.001): 73.2% of Polyne-
sian children were in the low SES group and only 8.4%
were in the high SES group, compared with 15.8% and
51.0% for European children, and 25.5% and 42.3% for
Asian children. To investigate the interaction between
SES and ethnicity on fat status, the effects of SES on the
odds of overfat were determined for the three major eth-
nic groups in this study (Fig 1). European and Asian chil-
dren with a low SES were 2.6 and 3.3 times more likely
to be overfat (respectively) than their high SES counter-
parts (European, p = 0.006; Asian, p=0.004). Although
Polynesian children in the Low and Middle SES groups
were 2.9 and 3.8 times more likely to be overfat (respec-
tively) than those in the High SES group, the difference
was significant for the Middle SES group only
(p=0.044). There were no significant differences in the
odds of overfat between Middle and High SES groups for
European (p = 0.395) and Asian (p = 0.430) ethnicities.

Physical activity, breakfast consumption, and weekday
sleep hours were the only lifestyle factors significantly
associated with fat status in both the partially and fully
adjusted models (Table 2). Children who accumulated
less than 16 000 (boys) and 13 000 (girls) steps/day were
over two times more likely to be overfat than children
who reached these targets. Similarly, children who had
breakfast for 3-4 (both models) or 1-2 (partially adjusted
model only) days in the preceding week had increased
odds of overfat compared with those who had breakfast
for five or more days. Of all the lifestyle risk factors,
children that sleep for less than 12 hours on weekdays
had the highest odds of overfat, rising from 3.4-3.9 in the
11-11.9 hour group to 5.3-7.0 in the <10 hour group.
Active transport, sports participation, and weekend sleep
patterns were not associated with fat status either before
or after adjustment for the other demographic and life-
style variables.

The associations between body fatness, overfat preva-
lence, and various combinations of the lifestyle risk

European Polynesian Asian All
M F M M F M F
(N=283)  (N=292) (N=201)  (N=206) (N =99) (N=97)  (N=603) (N=626)

?y%; 82+18 84+17 84+18 84+18 8.6+17 8.6+ 1.8 84+18 84+18
Height
(om) 1314121 131117  133+£12.8  133+13.0  131+103 130125 1324120 131122
Xg‘“’;ght 299+865  304+97° 353130 357+139 300+83% 293+92f 317£105 31.9+114
BMI : : $ +
(kgm? 1T1E245 17328 194+43  195+44  173+28" 169+28" 179+34  18.0+3.6
El‘t"(loy/) 174608 212+64l 204759 231+£73 2012687  232+75 189+69° 222+69

0

TM, male; F, female; BMI, body mass index. J:Signiﬁca.ntly different from Polynesian of same sex (p < 0.01). §Signiﬁcantly different from

female of same ethnic group (p <0.01). "Signiﬁcantly different from Polynesian of same sex (p <0.05). ﬂSigniﬁcantly different from

European of same sex (p <0.01).
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Table 2. Correlates of overfat (%BF > 25% [boys] or 30% [girls]) in New Zealand children aged 5-11 years.

Number of Participants (%) Unadjusted Odds Partially Adjusted Fully Adjusted Odds
Non-overfat Overfat Ratio (95% CT) Odds Ratio (95% CI)T Ratio (95% CD)}

Sex

Male 500 (48.4%) 103 (52.6%) 1.00 1.00 1.00

Female 533 (51.6%) 93 (47.4%) 0.85 (0.62-1.15) 0.82 (0.59-1.13) 0.85(0.56-1.27)
Age

5-6 yr 217 (21.0%) 8 (4.1%) 1.00 1.00 1.00

7-8 yr 375 (36.3%) 37 (18.9%) 2.68 (1.22-5.85)* 2.76 (1.25-6.06)* 3.01 (1.10-8.25)*

9-10 yr 317 (30.7%) 87 (44.4%) 7.44 (3.54-15.7)** 7.84 (3.70-16.6)** 6.32 (2.38-16.8)**

11-12 yr 124 (12.0%) 64 (32.7%) 14.0 (6.50-30.2)** 15.4 (7.07-33.5)** 13.9 (5.06-38.2)**
Ethnicity

European 514 (49.8%) 61 (31.1%) 1.00 1.00 1.00

Polynesian 318 (30.8%) 89 (45.4%) 2.36 (1.65-3.36)** 1.48 (0.96-2.28) 1.38 (0.81-2.36)

Asian 157 (15.2%) 39 (19.9%) 2.09 (1.35-3.25)** 1.78 (1.12-2.83)* 1.52 (0.86-2.70)

Other 44 (4.3%) 7 (3.6%) 1.34 (0.58-3.11) 0.97 (0.40-2.36) 0.38 (0.11-1.29)
SES

High 384 (37.2%) 41 (20.9%) 1.00 1.00 1.00

Middle 295 (28.6%) 50 (25.5%) 1.59 (1.02-2.47)* 1.59 (1.00-2.54)* 1.28 (0.74-2.23)

Low 354 (34.3%) 105 (53.6%) 2.78 (1.88-4.10)** 2.73 (1.70-4.38)** 2.09 (1.36-3.20)**
Physical Activity

Active 431 (51.2%) 51 (30.7%) 1.00 1.00 1.00

Inactive 410 (48.8%) 115 (69.3%) 2.37 (1.66-3.39)** 2.26 (1.54-3.34)** 2.09 (1.36-3.20)**

Active Transport
None
To or From School
To and From
School

Sports Participation
None
1-2 days/wk
3-4 days/wk
5+ days/wk

Breakfast
None
1-2 days/wk
3-4 days/wk
5+ days/wk

Bought Lunch
None
1-2 days/wk
3-4 days/wk
5+ days/wk

Fast Food
None
1-2 servings/wk
3-4 servings/wk
5+ servings/wk

Sugary Drink
None
1-2 servings/wk
3-4 servings/wk
5+ servings/wk

Weekday Sleep
>12 hr
11-11.9 hr
10-10.9 hr
<10 hr

Weekend Sleep
>12hr
11-11.9 hr
10-10.9 hr
<10 hr

555 (54.4%)
133 (13.0%)

333 (32.6%)

312 (31.0%)

414 (41.1%)

209 (20.7%)
73 (7.2%)

13 (1.3%)
43 (4.2%)
53 (5.2%)

908 (89.3%)

603 (59.2%)
341 (33.5%)
33 (3.2%)
42 (4.1%)

267 (26.3%)
693 (68.3%)
47 (4.6%)
7 (0.7%)

159 (15.6%)
465 (45.5%)
189 (18.5%)
208 (20.4%)

92 (9.2%)
482 (48.1%)
363 (36.2%)

66 (6.6%)

138 (14.0%)
362 (36.8%)
358 (36.4%)
125 (12.7%)

92 (47.4%)
26 (13.4%)

76 (39.2%)

54 (28.0%)
89 (46.1%)
30 (15.5%)
20 (10.4%)

5(2.6%)

20 (10.3%)
22 (11.3%)
147 (75.8%)

107 (55.2%)

65 (33.5%)
13 (6.7%)
9 (4.6%)

39 (20.1%)
141 (72.7%)
9 (4.6%)
5(2.6%)

22 (11.4%)
72 (37.3%)
46 (23.8%)
53 (27.5%)

4(2.2%)

70 (37.6%)
89 (47.8%)
23 (12.4%)

20 (11.2%)
50 (28.1%)
78 (43.8%)
30 (16.9%)

1.00
1.18 (0.73-1.90)

1.38 (0.99-1.92)

1.00
1.24 (0.86-1.80)
0.83 (0.51-1.34)
1.58 (0.89-2.81)

2.38 (0.84-6.76)

2.87 (1.64-5.02)%*

2.56 (1.51-4.34)%*
1.00

1.00
1.07 (0.77-1.50)
2.22 (1.13-4.36)*
1.21 (0.57-2.55)

1.00
1.39 (0.95-2.04)
1.31 (0.60-2.88)

4.89 (1.48-16.2)**

1.00
1.12 (0.67-1.86)
1.76 (1.02-3.05)*
1.84 (1.08-3.16)*

1.00
3.34 (1.19-9.38)*
5.64 (2.02-15.8)%*
8.02 (2.65-24.2)%*

1.00
0.95 (0.55-1.66)
1.50 (0.89-2.55)
1.66 (0.90-3.06)

1.00
1.12 (0.67-1.86)

0.98 (0.69-1.41)

1.00
1.29 (0.87-1.92)
0.72 (0.43-1.20)
1.14 (0.62-2.12)

1.46 (0.47-4.55)

1.88 (1.02-3.47)*

1.82 (1.02-3.26)*
1.00

1.00
0.83 (0.58-1.20)
1.53 (0.73-3.20)
0.71 (0.32-1.56)

1.00
1.42 (0.94-2.15)
0.94 (0.41-2.18)
3.46 (0.94-12.7)

1.00
1.09 (0.63-1.88)
1.61 (0.90-2.90)
1.56 (0.87-2.79)

1.00
3.36 (1.16-9.76)*
3.96 (1.36-11.5)*
5.25 (1.62-16.9)**

1.00
1.01 (0.56-1.84)
1.31 (0.74-2.33)
1.05 (0.54-2.06)

1.00
1.40 (0.78-2.52)

1.12 (0.72-1.75)

1.00
1.41 (0.88-2.27)
0.88 (0.48-1.62)
0.91 (0.39-2.11)

1.38 (0.34-5.56)

1.47 (0.73-2.98)

2.24 (1.08-4.64)*
1.00

1.00
0.69 (0.44-1.08)
2.67 (1.03-6.90)*
0.41 (0.15-1.13)

1.00
1.35 (0.83-2.21)
0.67 (0.22-2.07)
2.38 (0.48-11.8)

1.00
1.63 (0.80-3.34)
2.26 (1.06-4.84)*
2.37 (1.11-5.05)*

1.00
3.92 (1.07-14.4)*
423 (1.13-15.8)*
7.03 (1.63-30.4)%*

1.00
0.70 (0.35-1.43)
1.02 (0.52-1.99)
0.85 (0.38-1.89)

TAdjusted for demographic factors (sex, age, ethnicity, and SES). fAdjusted for all other factors. *Significantly different from reference
group (p < 0.05). **Significantly different from reference group (p <0.01).
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Figure 1. Relationship between the odds of overfat (%BF > 25% [boys] or 30% [girls]) and socioeconomic status in European, Polyne-

sian, and Asian children.

factors identified in all three models (inactivity, skipping
breakfast, and low weekday sleep) were assessed sepa-
rately for boys and girls while adjusting for differences in
age, ethnicity, and SES (Table 3). Overall, larger differ-
ences in %BF were detected with clusters of two and
three risk factors when compared with the single risk fac-
tor categories. Although children with lifestyle risk fac-
tors showed a greater prevalence of overfat than those
without the risk factor(s), not all of the differences be-
tween cluster levels were statistically significant. For both
boys and girls, chi-squared analysis revealed that the
overfat prevalence in the inactive + low breakfast group
was significantly higher than in the inactive group (boys,
p =0.003; girls, p=0.046), but not in the low breakfast
group (boys, p = 0.286; girls, p = 0.266). Similarly, com-

bining the low breakfast and low weekday sleep groups
resulted in a significant increase in overfat when com-
pared with the low weekday sleep group (boys, p=0.001;
girls, p=0.017), but not with the low breakfast group
(boys, p =0.240; girls, p=0.238). No significant differ-
ences were detected between the inactive + low weekday
sleep group and each individual risk factor. These find-
ings suggest that skipping breakfast has the greatest effect
on the prevalence of excess fatness in this sample. Indeed,
the increase in overfat when combining all three risk fac-
tors was only significant (boys, p = 0.004; girls, p = 0.042)
when compared to the two-factor cluster that did not al-
ready include the low breakfast group (inactive + low
weekday sleep).
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Table 3. Body fat and prevalence of overfat (%BF > 25% [boys] and 30% [girls]) in New Zealand children aged

5-11 years with three key correlates of overfat

Risk Factor(s) Risk Factor(s) Absent Risk Factor(s) Present
N Body fat (%)  Overfat (%) N Body fat (%)  Overfat (%)
Boys
Inactive (< 16 000 steps/day) 185 17.7+ 0.9 11.4 269 203 +£0.8** 23.0**
Low Breakfast (< 5 days) 537 18.6 £0.5 14.7 59 21.7 £ 1.7*%* 37.3%*
Low Weekday Sleep (< 11 hours) 297 18.3+£0.7 10.8 288 19.5+0.8* 22.1%*
Inactive + Low Breakfast 578 18.7+0.5 15.7 24 24.6 + 2.5%* 50.0%*
Low Breakfast + Low Weekday Sleep 571 18.7+0.5 15.2 32 23.9 £2.2%* 50.0%*
Inactive + Low Weekday Sleep 466 183+ 0.6 13.3 136 213+ 1.1%* 29.9%*
Inactive + Low Breakfast + Low Weekday Sleep 588 18.7+0.5 15.8 15 26.5 £3.2%* 66.7**
Girls
Inactive (< 13 000 steps/day) 279 21.4+0.8 10.8 236 233 £0.8%* 21.2%*
Low Breakfast (< 5 days) 517 21.8+£0.6 13.2 97 24.6 £ 1.3** 25.8%*
Low Weekday Sleep (< 11 hours) 351 22.3+0.7 12.0 252 22.0+£0.9 19.0**
Inactive + Low Breakfast 580 21.9+0.5 133 46 254+ 1.9%* 34.8%*
Low Breakfast + Low Weekday Sleep 587 22.0+£0.5 13.5 39 244 £2.1%* 35.9%*
Inactive + Low Weekday Sleep 526 22.0+0.6 12.5 100 232+14 27.0%*
Inactive + Low Breakfast + Low Weekday Sleep 606 22.1+£0.5 13.7 20 26.0 £ 2.9** 50.0%*

"Mean +95% CI; adjusted for age, ethnicity, and socioeconomic status. *Significantly different from Risk Factor(s) Absent group
(p < 0.05). **Significantly different from Risk Factor(s) Absent group (p <0.01).

DISCUSSION

In this study, age, ethnicity, SES, physical activity, break-
fast consumption, and weekday sleep duration were iden-
tified as important predictors of overfat in New Zealand
children. While these findings are generally consistent
with earlier research, specific risk factors reported by
individual studies vary widely.!" The discrepancies
among studies may reflect fundamental differences be-
tween samples, such that observations made in one popu-
lation may not apply to children from another. Inaccura-
cies in the techniques used to define childhood obesity
may also contribute to the variation. The majority of pre-
vious studies have used BMI to estimate fat status. How-
ever, the relationship between existing BMI-based defini-
tions of obesity and negative health outcomes in children
is not known. Moreover, the use of BMI to classify obe-
sity in multiethnic populations can be problematic.***’
The present study used a %BF-based definition of obesity
to provide the first description of the correlates of excess
fatness in New Zealand children.

Of the four demographic variables assessed in this
study, age showed the strongest association with body fat
status. This is not surprising given that children tend to
accumulate body fat until they reach puberty as part of
their normal physiological development.” When using a
single %BF cut-off point for defining overfat, a natural
increase in overfat participants would be expected with
age. On the other hand, older children may have been
exposed to obesogenic factors for a longer period than
younger children. It is also possible that age-related dif-
ferences in the morbidity associated with body fat could
confound the use of a single %BF cut-off point. Although
the use of %BF percentiles would account for develop-
mental increases in fat mass by assuming a constant level
of %BF for each year of age, there are currently no %BF
percentiles related to health outcomes for children.
Clearly, more research is needed to establish an interna-
tionally applicable definition of excess adiposity for pre-
dicting health risk in children of all ages.

The prevalence of excess adiposity was also affected
by the deprivation level of the children: those in the low
SES group showed greater odds of overfat than those in
the high SES group. A variety of explanations have been

proposed to explain the relationship between SES and
obesity. For example, individuals from lower socioeco-
nomic regions tend to have greater access to unhealthy
foods and less knowledge of healthy dietary practices
than those from higher socioeconomic regions.”* Fur-
thermore, physical activity participation in underprivi-
leged communities can be hindered by perceptions of
unsafe neighborhoods, limited access to gyms or sports
clubs, and higher rates of sedentary activities.”> While a
number of previous studies have shown that socioeco-
nomic factors play a role in the development of childhood
obesity,*® their imgact may vary across different popula-
tions. Wang et al.” found that while American children
with a low SES were more likely to be overweight than
those with a high SES, the inverse relationship was ob-
served in Brazilian children. Although ethnic variation in
the relationship between SES and overfat was detected in
the present sample, the general trend in all three ethnic
groups was similar to that observed in other developed
countries.

Our initial analyses showed that Polynesian children
were 2.4 times more likely to be overfat than European
children. This is consistent with the relatively high preva-
lence of BMI-determined obesity previously reported in
this ethnic grouping.’®*’ After adjusting for sex, age, and
SES, differences in fat status between European and
Polynesian children were negated. We suggest that the
rates of obesity in Polynesian children may have been
inflated by their overrepresentation in the ‘at-risk’ Low
SES group. Thus, the traditional view that children of
Polynesian descent are predisposed to obesity may largely
reflect socioeconomic disadvantages rather than cultural
or genetic influences. In contrast, Asian children main-
tained a significantly higher probability of overfat than
European children after adjustment for differences in SES.
Whether the increased risk of overfat in Asians is a con-
sequence of fundamental differences in body composition
or other sociocultural variables is undecided. However,
the exclusion of ethnicity as a significant variable in the
fully adjusted model suggests that behavioral factors may
be involved.

Several lifestyle-related factors showed significant as-
sociations with fat status. In both the partially and fully
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adjusted models, children who were not sufficiently ac-
tive were more than twice as likely to be overfat than
those who accumulated 16,000 (boys) or 13,000 (girls)
steps per day.” These findings support the hypothesis that
physical activity is inversely related to the risk of obesity
in children,'*" and highlight the potential advantages of
pedometer-based step count targets. Many existing strate-
gies focus on increasing the amount of time children
spend on moderate to vigorous activity each day. While
beneficial, this approach is less practical and harder to
assess than step-based initiatives. This study provides
evidence that current step count recommendations are
appropriate for reducing the risk of childhood obesity
across a range of age, ethnic and SES groups.

Consumption of breakfast less than five days a week
was the only dietary practice assessed which increased
the odds of overfat in all models. Although several other
cross-sectional studies have reported similar results in
children and adolescents,***' the mechanisms by which
skipping breakfast contributes to the development of obe-
sity remain unclear. Berkey et al.** provided evidence that
the average number of calories consumed each day is
greater in adolescents who regularly eat breakfast than in
those who do not, suggesting that skipping breakfast does
not promote fat gain through increased energy intake. It is
possible that the tendency of overweight youth to skip
breakfast is simply due to the high prevalence of dieting
practices in this group.”* In this case, reduced breakfast
consumption would not be a determinant of obesity, but
rather a result of the condition. To our knowledge, no
studies have adjusted for differences in dieting behaviors
when comparing breakfast patterns between obese and
non-obese children.

The final lifestyle factor consistently associated with
fat status in this sample was sleep duration on weeknights;
children who sleep less than 10 hours each weeknight
were over five times more likely to be overfat than those
who sleep at least 12 hours. This finding is in line with
earlier research suggesting that inadequate sleep is an
important predictor of childhood obesity.**'* However,
the mechanisms underlying the association between
sleeping patterns and body composition have yet to be
elucidated. Interestingly, we found that weekend sleep
duration had little effect on the risk of overfat. One hy-
pothesis is that insufficient sleep on weekdays is more
strongly related to other obesogenic lifestyle practices
than weekend sleep deprivation. Although other studies
reported no interactions between sleep duration and other
demographic and lifestyle variables,**'** none compared
weekday and weekend sleep patterns. It is also possible
that biological mechanisms are responsible for the effects
of short sleeping times in children. For example, a lack of
sleep is often associated with reduced leptin and elevated
ghrelin in adults, two key opposing hormones in appetite
regulation.***> Similar hormonal changes in children may
result in increased food intake and thus a greater risk of
obesity. Nevertheless, this theory does not explain the
lack of association between weekend sleep duration and
overfat in our sample.

Frequent consumption of fast food, sugary drinks, and
lunch bought at school have been reported as dietary risk
factors for the development of obesity in children.'®* It
should be noted, however, that the results presented in
previous studies were not adjusted for differences in SES.
Controlling for SES (in addition to age, sex, and ethnicity)
eliminated the significant associations between fat status
and fast food, sugary drinks, and bought lunch in our

sample. These findings suggest that the three unhealthy
dietary practices are closely related to SES, and may con-
tribute to the elevated risk of overfat observed in under-
privileged children.*® Interestingly, the addition of all
other lifestyle factors to the model restored the associa-
tions between overfat and both sugary drinks and bought
lunch. This demonstrates that the relationships between
the latter two variables and SES are affected by interac-
tions with other lifestyle practices.

A secondary objective of this study was to investigate
the effects of various combinations of lifestyle risk fac-
tors on children’s body fatness. Knowledge of the risk
factor clusters associated with the highest body fat levels
would facilitate the development of interventions tailored
to those most at-risk. Danielzik et al.” showed that com-
bining three demographic risk factors for obesity (low
SES, parental overweight, high birth weight) generated
the highest risk of overweight in German children. Analy-
ses of the key lifestyle factors in the present study (inac-
tivity, low breakfast consumption, low weekday sleep)
indicated similar patterns, with the three-factor combina-
tion resulting in a greater mean %BF and prevalence of
overfat than the two- or single-factor groups. Although
preventative initiatives that target multiple risk factors
may offer cumulative benefits, the independent effects of
modifiable factors in this study also support interventions
that focus on only one risk factor. In our sample, a low
frequency of breakfast consumption had the greatest in-
fluence on body fatness when compared to the other two
lifestyle risk factors.

In summary, we identified several population sub-
groups at risk for excess fatness in New Zealand; namely
older children, Asian children, and those from a low so-
cioeconomic background. While the cross-sectional na-
ture of this study precludes statements of cause-and-effect,
our results also demonstrated a clear link between the risk
of overfat and daily steps, breakfast consumption, and
weekday sleep patterns, regardless of differences in sex,
age, ethnicity, or SES. Furthermore, clustering of the ma-
jor modifiable risk factors was associated with a cumula-
tive increase in adiposity. Longitudinal research is re-
quired to determine the effects of these risk factors during
development, including the potential implications for
adult obesity. Understanding the determinants of excess
fatness in young New Zealanders is essential to develop
effective strategies for preventing obesity in this popula-
tion.
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