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The Health Care Cost Implications of

Overweight and Obesity during
Childhood

Nicole Au

Objective. To investigate whether childhood overweight at age 4-5 increases publicly
funded health care costs during childhood, and to explore the role of timing and dura-
tion of overweight on health costs.

Data Sources. The Longitudinal Study of Australian Children (2004-2008) and
linked records from Medicare, Australia's public health insurance provider (2004
2009).

Study Design. The influence of overweight status on non-hospital Medicare costs
incurred by children over a 5-year period was estimated using two-part models and
one-part generalized linear models (GLM). All models controlled for demographic,
socioeconomic, and parental characteristics.

Principal Findings. Being overweight at age 4-5 is associated with significantly
higher pharmaceutical and medical care costs. The results imply that for all children
aged 4 and 5 in 2004—2005, those who were overweight had a combined 5-year Medi-
care bill that was AUD$9.8 million higher than that of normal weight children. Results
from dynamic analyses show that costs of childhood overweight occur contemporane-
ously, and the duration of overweight is positively associated with medical costs for
children who became overweight after age 5.

Conclusions. This study reveals that the financial burden to the public health system
of childhood overweight and obesity occurs even during the first 5 years of primary
school.
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The World Health Organization describes childhood obesity as “one of the
most serious public health challenges of the 21st century” (WHO 2011). One
quarter of Australian children aged 5-17 years are now overweight or obese
(Australian Bureau of Statistics 2009) and even higher prevalence rates are
found among children in the United Kingdom and the United States (Sassi
2010). One of the greatest concerns of childhood overweight and obesity is the
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high risk of persistence into adulthood (Must 1996). Adult obesity, associated
with increased risk of developing chronic diseases including type 2 diabetes
and cardiovascular disease, is now one of the leading causes of morbidity and
mortality (Mokdad et al. 2004; Haslam and James 2005). Emerging evidence
suggests that overweight and obesity in childhood can also increase the risk of
childhood health problems including asthma, sleep apnea, hypertension,
abnormal glucose intolerance, and even type 2 diabetes, which until recently
was thought only applicable to adults (Anderson 2003; Must and Daniels
2006). In addition, overweight and obese children can experience discrimina-
tion from their peers, lowered self-esteem, depression, and other psychosocial
problems (Dietz 1998).

With overweight and obesity being largely preventable, the detrimental
health consequences alone call for a high prioritization of effective interven-
tions to reverse the trend. Adding further grounds for action are the economic
implications of overweight and obesity, not only for the individuals involved
but also for government and society. In a health system with universal public
insurance, such as in Australia, higher medical utilization raises the health care
costs for all taxpayers. Even under a private health insurance system, higher
medical costs raise premiums for all fund members, including those of healthy
weight.

It is recognized that obesity in adults is associated with substantially
higher medical utilization and costs (Finkelstein, Fiebelkorn, and Wang 2003;
Wee et al. 2005; Yang and Hall 2008). Some studies (Johnson, McInnes, and
Shinogle 2006; Finkelstein and Trogdon 2008; and Skinner et al. 2008; Mon-
heit, Vistnes, and Rogowski 2009; Trasande and Chatterjee 2009) have exam-
ined the association between overweight and medical expenditure in children
in the United States using data from the Medical Expenditure Panel Survey.
However, previous studies have only analyzed costs over a short time frame
(typically 1 year) and have not explored the dynamics behind overweight sta-
tus and its associated costs. Past studies have also relied on parental reports of
height and weight to classify children as overweight, and they have generally
omitted important control variables (such as parental characteristics).

This article contributes to the literature by investigating the association
between childhood overweight and non-hospital health care costs over a
longer time frame than previous studies. It examines costs incurred over a
5-year period to capture health conditions that may take some years to
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develop. It also explores whether health care costs increase with the duration
of the child being overweight, and whether being overweight increases medi-
cal costs contemporaneously or some years later. This study utilizes records
from Australia's universal health insurance system, Medicare, which have
been uniquely linked to survey data from the Longitudinal Study of Australian
Children (LSAC). The analyses use measured height and weight, and include
an extensive set of child and parental characteristics. By assessing the implica-
tions of childhood overweight on government-funded health costs, insight is
given into the costs of childhood overweight that are borne by society. Given
the increasing prevalence rates of childhood obesity, this has important policy
implications.

DATA
The Longitudinal Study of Australian Children

The LSAC is a representative panel survey of Australian children. It began in
2004 when the children were aged 4—5. A clustered survey design was used to
collect information on each child. The study design for data collection is
described in detail by Soloff, Lawrence, and Johnstone (2005). Essentially,
postcodes were stratified by state/territory and by metropolitan and non-
metropolitan area. A set of postcodes from each strata were randomly
selected, and then children (in the desired age cohort) were randomly selected
from the Medicare enrollment database within each selected postcode. Only
one child per family was included in the sample selection process. Data were
collected biennially by face-to-face interviews with the child's primary parent
at their home. Additional information from the parents was collected using
self-complete questionnaires. The study utilizes data from the first three waves
of the 4-5 year old cohort, collected in 2004, 2006 and 2008, which were
linked to each child's Medicare records, covering a 5-year period from April
2004 to March 2009. The response rates for the second and third surveys were
89.6 percent and 86.9 percent of eligible respondents, respectively.

Study Sample

A total of 4,534 children in the first survey were linked to Medicare records
and therefore eligible for inclusion in this study.! After excluding children
with missing values for any variables included in the model, the total sample
size for the primary analysis (A) was 4,335. Children who were present for all
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three surveys (N = 3,899) were eligible for inclusion in the dynamic analysis
(B), and after excluding children with missing values, 3,670 children were
included in Analysis B.

Medical Costs

Medicare in Australia provides free or subsidized health care to all permanent
residents. It is financed largely from general taxation revenue. Medicare
records include complete data on non-hospital medical care and pharmaceuti-
cal payments made by the government under the Medicare Benefits Scheme
(MBS) and the Pharmaceutical Benefits Scheme (PBS).

Pharmaceuticals. Under the PBS, the government subsidizes eligible prescrip-
tion medicines, funding the difference between the fixed patient copayment
and the listed drug plrice.2 The PBS covers prescription medicines for most
medical conditions, but it does not include over-the-counter medicines or
medicines provided to patients in hospitals.3

Medical Care. The MBS covers the cost of medical treatment by physicians
including general practitioners and specialists up to a pre-determined benefit
amount (which applies nationwide). In the majority of cases (80 percent), doc-
tors charge exactly the benefit amount (known as bulk-billing) and thus
patients receive free care at the point of delivery (Department of Health and
Ageing 2011). For services where doctors choose to charge a higher fee,
patients face some out-of-pocket expenses. However, the government-funded
component of costs for these services is the same as for bulk-billed services.
The MBS costs included in this study provide complete information on non-
hospital medical care funded by the government. Public hospital services are
not included in MBS records and therefore could not be analyzed. Although
hospital care makes up a large component of health costs for the whole popu-
lation, inpatient stays are not common for this age group. Only about 5 per-
cent of the LSAC children reportedly stayed in a hospital over a 12-month
period.

To provide some information on how childhood overweight may influ-
ence hospital utilization and costs, additional analyses on the relationship
between overweight status at age 4-5 and the likelihood of having a hospi-
tal stay were conducted. Parental reports on whether the child stayed in a
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hospital in the past year (taken from the second and third surveys) were used
as the dependent variable. The results of the hospital analysis are shown in
Table 1.

Analysis A: For the primary analysis (Analysis A), PBS and MBS costs
were analyzed separately. MBS costs were adjusted to 2008 prices (in AUD).
For each child, costs were aggregated from April 2004 to March 2009. This
allowed estimation of the impact of the child's overweight status (measured at
age 4-5) on government-funded non-hospital medical care and pharmaceuti-
cal costs incurred from when the child was aged 4-5 until aged 8-9. A duration
of 5 years for costs was chosen instead of a shorter period as many health con-
sequences attributable to being overweight take time to develop (e.g., type 2
diabetes), whereas other ailments may occur immediately (e.g., sleep apnea or
gastroenterological disorders) (Silles 2009). The mean (standard error) unad-
justed PBS and MBS costs for the total 5-year period across all children were
$75 (4) and $871 (15), respectively.

Analysis B: For Analysis B, the relationship between the timing and dura-
tion of overweight status (over a 5-year period) and costs incurred in 2008
2009 (when the child was aged 8-9) was investigated. Here, only MBS costs
(the main component of Medicare costs for children) incurred in the latest
available year (2008-2009) were used. The mean (standard error) unadjusted
MBS cost in 20082009 across all children was $190 (5). PBS costs were not
analyzed here because in 2008-2009 <20 percent of children incurred any
PBS costs and average costs were small (<$28).

Table 1: Marginal Effects from Logit Models for the Probability of Staying
in a Hospital

Stayed in Hospital in Year Stayed in Hospital in Year
Prior to Survey 2 Prior to Survey 3
(when aged 5-6) (when aged 7-8)
ME. S.E. ME. S.E.
Overweight 0.013 0.010 0.006 0.009
Underweight 0.000 0.016 0.001 0.016

Notes. Marginal effects are the discrete change from the reference, interpreted as a unit change in
the probability of having a hospital stay (using parental reports).

Overweight status was measured in Survey 1 (when aged 4-5).

All other control variables (including health conditions) were included in the model, but estimates
are not shown.
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Variables

Overweight and Obese. Body mass index (BMI) (kg/m?*) was calculated using
each child's weight and height, as measured by the interviewer. Children
were classified as either underweight, normal, or overweight (including
obese) according to age- and gender-specific international BMI cut-off
points (Cole et al. 2000, 2007). For Analysis A, overweight status is mea-
sured at age 4-5.

For Analysis B, to assess the role of timing of overweight status, indica-
tors for whether the child was overweight at each survey or not were included.
A significant association between medical costs in 2008-2009 and being over-
weight in the third survey (S3) would indicate contemporaneous overweight
status is important for medical costs, whereas a significant association with
being overweight in the first (S1) or second survey (S2) would indicate that
past overweight status is important.

In analyzing the duration of overweight status, children who were over-
weight at S3 were categorized according to how long they had been over-
weight: only at S3; only at S2 and S3; or all three surveys. The reference
category was “not overweight for all surveys.”* An additional indicator for all
other weight combinations was included.

Control Variables. To isolate the influence of overweight status on Medicare
costs, a range of demographic, socioeconomic, and maternal characteristics
were included in the model. These characteristics were either time-invariant
(e.g., gender) or taken from the first survey, so that the control measures pre-
cede the incurrence of Medicare costs. For consistency, the same control vari-
ables were used for both analyses (A and B). These include indicators for the
child's gender; whether they were aged 5; the presence of siblings; and the
type of school attended (day care, preschool, or school). Indicators for lan-
guage spoken at home (English, non-English European, Asian, or other) were
included to control for ethnic and cultural background. A non-English pri-
mary language may also influence access to health promotion information or
reflect socioeconomic status, which may impact on the child's health (Nickens
1995; Flores, Olson, and Tomany-Korman 2005).

It is recognized that low birth-weight babies are at increased risk of
serious health problems (Almond, Chay, and Lee 2005), and infants who
are breast-fed experience fewer health problems (Cunningham, Jelliffe, and
Jelliffe 1991). To account for these important underlying determinants of
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health, indicators for low birth weight (<2,500 g) and whether the child was
breast-fed at 6 months of age (the global health recommendation by the
World Health Organization) were included in the model. Dummies repre-
senting the state of residence (to account for exogenous variation in state
policies), and indicators for whether the child resides in an inner-regional,
rural, or remote area (to account for accessibility to medical services) were
also included.

Characteristics of the child's mother were entered in the model because
the mother's characteristics can influence not only the child's health status but
also the decision to seek medical treatment for the child. The following indica-
tors relating to the child's mother were included in the model: highest educa-
tional attainment (university, technical college, high school, or no high
school); single-parent; works full time (35+ hours per week); smoking status;
and possession of a health care card (which allows low-income families access
to cheaper prescription medicines).

Health Conditions. Health conditions or general health measures were not
included in the base model because the aim was to estimate the direct asso-
ciation between overweight status and health care costs. This may occur
through various health conditions (e.g., asthma or hypertension). An advan-
tage of this approach is that it makes no a priori decisions as to which
health conditions are due to obesity but allows for the possibility that obes-
ity may lead to high health costs in conjunction with any health condition
(see Johnson, Mclnnes, and Shinogle 2006; Monheit, Vistnes, and
Rogowski 2009).

However, omitted health conditions may confound the relationship
between overweight and health costs if they are not attributable to having an
elevated BMI. The indicators for low birth weight and breast-feeding were
included to control for the increased risk of some health conditions that occur
independently of overweight. To further minimize the potential for confound-
ing, several common child health conditions (which may increase health costs
but are not likely to be attributable to overweight) were included in a supple-
mentary model. This model included additional indicators for whether, at age
4-5, the child reportedly had a mental health illness; attention deficit hyperac-
tivity disorder (ADHD); hearing problems; vision problems; eczema; or ear
infections. Estimates for both the base model and supplementary model are
presented. Descriptive statistics of the explanatory variables are presented in

Table 2.
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Table 2: Descriptive Statistics of Explanatory Variables

Not
All Overweight Overweight
Variable N= 4335 N= 890 N= 3445
Child's Characteristics
Normal—ref 74.29
Overweight 20.68
Underweight 5.03
Male 51.75 47.68 52.81*
Ageb 18.76 21.81 17.97*
Low birth weight 6.59 4.97 7.01*
Breast fed at 6 months 55.07 48.52 56.78**
Speaks English—ref’ 86.52 83.18 87.39*
European language 3.46 5.13 3.03*
Asian language 543 3.92 5.82*
Other language 4.58 7.77 3.75%*
Has at least one sibling 88.91 86.90 89.44+
Pre-school—ref 53.52 53.49 53.52
School 17.71 19.47 17.26
Day care 24.10 21.96 24.66
Not at school 4.67 5.08 4.56
Lives in city—ref 55.70 54.41 56.03
Lives in inner-regional 24.44 26.82 23.82
area
Lives in rural area 16.29 15.89 16.39
Lives in remote area 3.57 2.88 3.75
Mental health 0.08 0.13 0.06
ADHD 1.20 1.85 1.03
Hearing problems 3.21 3.80 3.06
Vision problems 2.78 2.76 2.79
Eczema 12.51 13.00 12.38
Ear infections 798 9.73 7.5271
Mother s Characteristics
Has university degree— 24.82 22.63 25.39%
ref
Has diploma 36.87 37.10 36.81
High school graduate 12.64 11.73 12.88
Did not finish high school 25.67 28.54 24.92%
Non-smoker—r7ef 65.23 59.99 66.59**
Smoker 20.86 24.61 19.89**

continued
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Table 2. Continued

Not

All Overweight Overweight

Variable N= 4,335 N= 890 N= 3,445
Smoking status missing 13.91 15.40 13.52
Works full time 19.56 21.42 19.08
Single 13.87 15.45 13.46
Health Care Card holder 23.40 25.60 22.83

Notes. Shows proportion of sample with characteristics.

T * ** indicate significant difference between the proportion for overweight and non-overweight
childrenat p < .10, p < .05, and p < .01, respectively.

Ref—denotes variable was the reference group in all models.

Indicators for each of the eight state and territories of Australia were included in all models, but
descriptive statistics are not shown. All characteristics measured at first survey (age 4-5).

ADHD, attention deficit hyperactivity disorder.

ANALYTIC STRATEGY

Analysis A: Overweight at Age 4-5 and Five-Year Pharmaceutical and Medical Care
Costs

As is typical with medical cost data, the data are right-skewed, which is
accounted for in the modeling.

Pharmaceutical. The PBS data have a very high proportion of zeros (55
percent), which represent those who did not purchase prescription medicines
subsidized by the government over the 5-year period. For the PBS data, a two-
part model was employed (Duan et al. 1983), which first models the probabil-
ity of costs being >0, followed by a model of the distribution of costs, given
costs were >0. This approach is commonly employed to model health care
costs (see Mullahy 1998 and Manning 1998). The two parts are assumed to be
independent and estimated separately.

The first part was estimated using a logit model, and the second part
using ordinary least squares (OLS) regression on log PBS costs. The predic-
tions from the first and second part were multiplied to generate total predicted
PBS costs. The model for the second part was selected by comparing the per-
formance of the OLS log-linear model against GLMs with gamma, Guassian,
and inverse Guassian distributions combined with log, power (0.5), and power
(—1) links. Following Manning and Mullahy (2001) and Jones (2010), the
choice of link function and distribution was guided by the Pregibon link
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test and Park test. The performance of the GLM models was tested using the
Copeas test for accuracy of the predicted dependent variable values, the root
mean squared error (RMSE), and mean average predicted error (MAPE).
Goodness of fit was also examined using the Akaike Information Criteria
(AIC). The OLS log-linear model performed better than all GLM models.

The residuals from the log-linear model are practically normally distrib-
uted (skewness 0.32, kurtosis 3.01),” and a Breusch-Pagan heteroscedasticity
test shows the residuals have constant variance, implying that the retrans-
formed estimates (into AUDS) from the log-linear model are unbiased without
application of the Duan (1983) smearing factor.’

Medical Care. For the MBS data, two-part models were not warranted because
99 percent of children sought non-hospital medical care over the 5-year study
period. One-part GLMs were estimated with combinations of log, power
(—1), and power (0.5) links and gamma and Gaussian distributions. Using the
accuracy tests (described above), the model that best fitted the data was the
gamma distribution with log-link.

Costs Differences for Overweight Children. Predictions from the PBS and MBS
models were used to determine differences in health care costs incurred by
children who were overweight compared with those of normal weight. This
was calculated by taking the difference in predicted costs if overweight chil-
dren were overweight (given all child and maternal characteristics), and the
predicted costs if overweight children were in the normal weight range (set-
ting the overweight indicator to zero). The percentage difference in health
costs (cost difference divided by costs if overweight children were normal
weight) is also presented. Costs were predicted for each child then averaged
over the population of children. Standard errors were calculated using the
bootstrap method (500 replications), which accounts for the original sam-

pling design.
Analysis B: Timing and Duration of Overweight Status on Medical Care Costs at Age

8-9

A one-part GLM model (gamma distribution with log-link) was also used for
the timingand duration of overweight models of Analysis B.
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All estimations were performed using Stata (StataCorp 2009) and
account for stratification and clustering. Sample weights were employed to
take both the probability of selecting each child in the study and an adjustment
for non-response in the first wave into account. Longitudinal sample weights
were employed in Analysis B (which use data from all three surveys) to adjust
the sample for attrition.

RESULTS
Analysis A

Descriptive Statistics. As shown in Table 2, at age 4-5, 21 percent of the sample
were overweight, 52 percent were men, and most (87 percent) spoke English at
home. About a quarter of mothers held a university degree and an additional
37 percent held a diploma or certificate. Twenty-one percent of mothers
smoked, and almost many (20 percent) worked full time. Less than one percent
of children had a mental illness, while 8 percent suffered from ear infections
and 13 percent had eczema. The sample proportions for overweight and non-
overweight children show that overweight children were more likely to be
female, aged 5, speak alanguage other than English at home, and have a mother
who smoked or was less educated. Children who had alow birth weight or were
breast fed at 6 months were less likely to be overweight. Estimates of PBS and
MBS costs from the base and supplementary models are presented in Table 3.

Pharmaceuticals. Result from the base model (1) show that compared with chil-
dren of normal weight, those who were overweight at age 4-5 had a signifi-
cantly higher probability of incurring PBS costs (by about 7.1 percentage
points [p < .01]) over the following 5 years of life. The results from the log-
linear model show that for those who incurred PBS costs, being overweight
significantly increased PBS costs by about 31 percent (p < .01). Being under-
weight also increased the probability of incurring PBS costs (p < .10) but had
no significant impact on costs incurred in the log-linear model. The associa-
tions between overweight and PBS costs attenuated with the inclusion of
health conditions (Model 2) but remained significant (p < .01).

In both models (1 and 2), the probability of incurring PBS costs and the
amount of costs incurred were higher for males and children who spoke an
Asian or other (non-English and non-European) language at home. Those who
were breast-fed at 6 months had alower probability of incurring PBS costs, and
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among those who incurred costs, a low birth weight was associated with greater
costs. Children of mothers who were single or had a lower level of education
were more likely to incur PBS costs, whereas children of mothers who worked
full time were less likely to incur PBS costs. Health conditions were generally
associated with substantially higher probabilities of incurring PBS costs.

Medical Care. The base model estimates (see Table 3) demonstrate that over-
weight children had significantly higher MBS costs (by approximately $87
[p<.01]) compared with children who were normal weight. Being underweight
was not significantly related to MBS costs. When health conditions were
included (Model 2), medical costs for overweight children remained signifi-
cantly higher than for normal weight children (by about $64 [p<.05]), but the
cost difference was lower than in the base model.

In both MBS cost models, boys incurred greater costs. Having a low
birth weight or speaking a language other than English at home significantly
increased MBS costs. Lower levels of maternal education was associated with
higher MBS costs, while children with mothers who smoked or worked full
time had significantly lower medical costs. In Model 2, most health conditions
were associated with significantly higher medical costs. Few children had a
mental illness and the cost variance was large, which explains the insignificant
result for having a mental illness.

Pharmaceutical and Medical Care Cost Differences by Overweight Status. Table 4
shows that being overweight at age 4-5, holding all child and maternal
characteristics constant, was associated with pharmaceutical costs that were on

Table 4: Analysis A Estimates: Average Predicted Cost Differences for
Overweight Children (Compared with Normal Weight)

PBS MBS TOTAL (MBS + PBS)
(1) Base Model
Cost difference ($) 34.78 (8.81) 86.57 (31.27) 121.35 (32.41)
Percentage cost difference (%) 58.84 (15.47) 10.00 (3.69) 12.92 (3.59)
(2) Includes Health Conditions
Cost difference ($) 29.36 (8.60) 63.86 (29.83) 93.22 (35.4)
Percentage cost difference (%) 49.72 (14.39) 7.33(3.48) 9.71 (3.81)

Notes. Bootstrapped standard errors are in parentheses.
MBS, Medicare Benefits Scheme; PBS, Pharmaceutical Benefits Scheme.
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average $35 (59 percent) higher and medical costs that were on average $87
(10 percent) higher over the 5-year period, than if the children were not over-
weight. After adjusting for health conditions, the average cost increases for
overweight children were slightly lower, at $29 (50 percent) for pharmaceuti-
cal expenses and $64 (7 percent) for MBS costs.

Analysis B

In the first survey, about 20 percent of the sample was overweight. By the third
survey, this increased to 24 percent. About 59 percent of children remained
not overweight for all three surveys, whereas 12 percent were overweight for
all three surveys. About 7 percent of the sample did not become overweight
until the third survey.

The results from the timing and duration of overweight status models
are shown in Table 5. For brevity, only estimates for the child's overweight sta-
tus are shown. The timing model demonstrates that being overweight in S3
was associated with significantly higher MBS costs in 2008-2009 (by about
$34 in the base model and $30 in the model adjusted for health conditions),
but being overweight in either S1 or S2 had no significant impact on costs.
These results suggest that contemporaneous overweight status is important in

Table 5: Analysis B Estimates: Impact of Timing and Duration of Over-
weight Status on MBS Costs in 2008-2009

(2) Includes Health
(7) Base Model Conditions
N= 3,670 ME? S.E. ME? S.E.
(7) Timing of Overweight
OWin S3 33.98" 16.40 30.12° 15.58
OWin S2 —4.04 16.62 0.55 16.38
OWin S1 —12.23 13.58 —17.09 13.31
(2) Duration of Overweight
OW in S3 only 36.68 22.47 30.95 21.28
OW in S2 and S3 only 87.24™ 32.43 84.30" 33.54
OW in all surveys 4.87 13.05 2.79 13.21
Other weight 15.04 15.56 6.19 14.85

Notes. *,** indicate statistical significance at p < .05 and p < .01, respectively.

All other control variables were included in the model, but estimates are not shown.

*Marginal effects are the discrete change of dummy variables from 0 to 1, interpreted as a unit
change in MBS costs (in AUDS$).

MBS, Medicare Benefits Scheme.
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determining MBS costs, and that past overweight status alone does not appear
to play an important role.

The results from the duration model show a positive but insignificant asso-
ciation between costs and becoming overweight at S3. Children who became
overweight one survey earlier (at S2) incurred significantly more medical costs
(about $87 more in the base model and $84 more in the model adjusted for
health conditions) than those of stable non-overweight children, suggesting that
a longer duration of overweight is associated with higher medical costs. How-
ever, the association between duration of overweight and medical costs does
not appear to extend to children who were overweight for all three surveys.
MBS costs for these children were not significantly different from those of stable
non-overweight children. This finding is considered further below.

Hospital Use Analysis

Estimates from the logit models of the probability of children staying in a hos-
pital are shown in Table 1. Children who were overweight (or underweight) at
age 4-5 did not have a significantly different probability of staying in a hospi-
tal at age 56 or at age 6—7 than children of normal weight. This indicates that
overweight status may not have a substantial influence on hospital costs
incurred during childhood.

DISCUSSION

This study primarily investigates government-funded health care costs during
childhood that are associated with being overweight at age 4-5. Over the 5-
year period, during which children were aged 4-5 to 8-9 years, overweight
children incurred significantly higher PBS (pharmaceutical) and MBS (medi-
cal care) costs. This is in accordance with the clinical literature, which finds
childhood overweight to be associated with more health problems during
childhood (Dietz 1998; Must and Anderson 2003) and supports previous stud-
ies that find a positive relationship between childhood overweight and costs
(Hampl et al. 2007; Finkelstein and Trogdon 2008; Trasande and Chatterjee
2009).

This study reveals that the financial burden of overweight and obesity
occurs even during the first 5 years of primary school and demonstrates that
prevention of overweight in children as young as 4-5 years could have signifi-
cant economic (in addition to health) implications.
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The results show that after controlling for child and maternal character-
istics, children who were overweight at age 4-5 on average incurred an addi-
tional $93 (10 percent) in non-hospital Medicare costs (PBS plus MBS) over
5 years. Extrapolated to the population level, these results imply that for all
children aged 4 and 5 in 2004-2005, those who were overweight had a com-
bined 5-year Medicare bill, approximately AUD$9.8 million higher than that
of children who were normal weight.”

The results from the dynamic models show that higher medical costs at
age 8-9 are associated with being overweight at age 8-9, but not with over-
weight status at earlier ages. This implies that being overweight is associated
with significantly higher contemporaneous medical costs, and that past over-
weight status alone does not significantly increase costs. The insignificant
result for past overweight status suggests that if childhood overweight is trea-
ted, the medical care costs in future years are likely to return to levels similar
to normal weight children. This highlights potential cost savings from policies
aimed at treating (not just preventing) childhood overweight.

The duration model shows there is a positive association between the
duration of overweight and medical costs incurred among children who
became overweight at some stage during the first few years of school. Chil-
dren who became overweight by age 67 (and remained overweight at age
8-9) incurred considerably more MBS costs than children who were not
overweight until age 8-9. This finding provides economic support for
policies aimed at preventing and treating childhood overweight as early as
possible.

The result of an insignificant association for children who were over-
weight for all three surveys is unsupportive of the hypothesis that medical
costs increase with duration of overweight. According to parental reports in
LSAC, children who were overweight for all three surveys had significantly
worse levels of general health, and parents of these children were significantly
more concerned about the weight of their child than parents of normal weight
children (results shown in Appendix A). This suggests that children who were
long-term overweight were in need of medical care, and parents appeared to
be aware of this need. It is possible that these children experienced severe
health complications that required direct hospital care (and therefore
bypassed treatment by general practitioners). However, parental reports of
hospital visits reveal that long-term overweight children were not more likely
to have stayed in a hospital in the year prior to S3 (see Appendix A). It remains
unclear why children who were overweight for all three surveys did not incur
more health care costs than stable non-overweight children at age 8-9. Further
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investigation into the longer-term medical care consequences of these children
as they enter adolescence may be informative.

The models also provide information on the influence of other demo-
graphic and socioeconomic characteristics on Medicare costs. The significant
gender difference in Medicare costs supports evidence that boys tend to have
more injuries and chronic illnesses (Australian Institute of Health and Welfare
2009). Children who spoke a language other than English incurred higher
Medicare costs than children who spoke English at home. These findings are
supportive of the established literature on the ethnic disparities in child health,
which can be explained to some extent by socioeconomic status (Nickens
1995; Flores, Olson, and Tomany-Korman 2005). Maternal characteristics
played an important role in determining Medicare costs. The finding that chil-
dren of more highly educated mothers incurred fewer costs supports the litera-
ture of a positive effect of mother's education on child health (Currie and
Moretti 2003; Chen and Li 2009).

A key strength of this study is that longitudinal, linked data on children
were used to gain information on measured body weight and health care costs
over 5 years. This enabled an investigation of health care costs associated with
overweight that may develop over a longer period of time, and an exploration
of the dynamics of childhood overweight in relation to health care costs. These
analyses have not been possible in previous studies that used a cross-sectional
data.

The analysis does not include hospital cost data, which is difficult to
access, particularly individual-level data. However, it is not clear that hospital
data would provide substantially more information because inpatient stays for
this age group are not common. Furthermore, based on parental reports on
whether children stayed in a hospital in the past year, childhood overweight at
age 4-5 is found to be insignificantly associated with the likelihood of a hospi-
tal visit at age 5—6 or age 7-8.

The extrapolation of the additional costs incurred by overweight chil-
dren to the population level should be interpreted with caution, as it is based
on the accuracy of the predicted average Medicare cost of overweight children
and assumes the weighted prevalence of overweight in the LSAC corresponds
to the actual population prevalence of overweight for children aged 4-5 years.
The LSAC study is still in its infancy with only three waves available. There-
fore, it was only possible to investigate children from ages 4-5 years through
to 8-9 years. As the survey progresses, further information about the relation-
ship between overweight and medical costs in older children and adolescents
can be investigated.
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CONCLUSION

This study provides unique evidence that childhood overweight at age 4-5
is associated with significantly higher publicly funded medical and phar-
maceutical costs for children during their first 5 years of school. It also
demonstrates that the costs of childhood overweight occur contemporane-
ously and that duration of overweight is positively associated with medical
costs for children who become overweight after age 5. From a health and
well-being perspective, there is undoubtedly a need for a high prioritiza-
tion of solutions for childhood overweight. From an economic perspective,
these findings suggest that cost-effective strategies for both the prevention
and early treatment of childhood overweight could pay sizable dividends
to the government and society at large, both currently and into the future.

ACKNOWLEDGMENTS

Joint Acknowledgement/Disclosure Statement: This paper uses unit record data
from Growing Up in Australia, the Longitudinal Study of Australian Children
(LSAC). LSAC is conducted in partnership between the Department of Fami-
lies, Housing, Community Services and Indigenous Affairs (FaHCSIA); the
Australian Institute of Family Studies (AIFS); and the Australian Bureau of
Statistics (ABS). The findings and views reported in this paper are those of the
author and should not be attributed to FaHCSIA, AIFS. The author acknowl-
edges funding from the Australian Research Council and would like to thank
Bruce Hollingsworth, Katharina Hauck, and David Johnston for their advice
on an earlier draft of this paper. Finally, the author is grateful to two anony-
mous reviewers for their insightful and valuable comments, which have
helped to significantly improve this paper.

Disclosures: None.

Disclaimers: None.

NOTES

1. Ninety-three percent of children in the LSAC were successfully linked to Medicare
data. Results were not adjusted for linkage to Medicare. However, a logit analysis
showed that the probability of linkage to Medicare was not significantly associated
with child's weight, which suggests little to no selection bias on the main analyses.
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2. In 2008, the copayment was $32.90 or $5.99 for concession card (including health
care card) holders. The copayment is indexed annually. Copayments and prices are
applicable nationwide.

3. Medicines dispensed in hospitals are provided free to patients, but they are funded
under separate health care arrangements with states.

4. Underweight children were included here because they do not have significantly dif-
ferent medical care costs to normal weight children (see Results of Analysis A).

5. Perfectly normal has skewness = 0 and kurtosis = 3.

6. Duan's smearing estimator (1983) provides a consistent estimate of expected costs if
the errors are not log-normal. It provides less precise estimates if the error is truly
normal. Mean predictions of costs using the Duan smearing estimator were about 5
percent further from actual mean costs than predictions without the smearing esti-
mator, implying unadjusted estimates provide a closer fit to the data.

7. Calculated using the total average cost differences (PBS and MBS) in the model that
adjusts for health conditions ($93.22), a total population of children aged 4 and 5 of
509,937 (Australian Bureau of Statistics 2006) and an average prevalence of over-
weight of 20.5 percent using the LSAC population weighted average of the children
at age 4-5. Using the base model estimates, the total additional cost for overweight
children is $12.1 million.

REFERENCES

Almond, D., K. Y. Chay, and D. S. Lee. 2005. “The Costs of Low Birth Weight.” Quar-
terly Journal of Economics 120 (3): 1031-83.

Australian Bureau of Statistics. 2006. Census of Population and Housing Cat. No. 2068.0.
Canberra: ABS.

Australian Bureau of Statistics. 2009. National Health Survey, Summary of Results, 2007
08. Cat. No. 4364.0. Canberra: ABS.

Australian Institute of Health and Welfare. 2009. 4 Picture of Australia'’s Children 2009.
Cat. no. PHE 712. Canberra: ATHW.

Chen, Y., and H. Li. 2009. “Mother's Education and Child Health: Is There a Nurtur-
ing Effect?” Journal of Health Economics 28 (2): 413-26.

Cole, T.]., M. C. Bellizzi, K. M. Flegal, and W. H. Dietz. 2000. “Establishing a Standard
Definition for Child Overweight and Obesity Worldwide: International Survey.”
British Medical Journal 320 (7244): 1240-3.

Cole, T. J., K. M. Flegal, D. Nicholls, and A. A. Jackson. 2007. “Body Mass Index Cut
Offs to Define Thinness in Children and Adolescents: International Survey.”
British Medical Journal 335 (7612): 194-7.

Cunningham, A. S., D. B. Jelliffe, and E. . P. Jelliffe. 1991. “Breast-Feeding and Health
in the 1980s—A Global Epidemiologic Review.” Journal of Pediatrics 118 (5):
659-66.

Currie, J., and E. Moretti. 2003. “Mother's Education and the Intergenerational Trans-
mission of Human Capital: Evidence from College Openings*.” Quarterly Journal
of Economics 118 (4): 1495-532.



Overweight and Obesity during Childhood 675

Daniels, S. R.. 2006. “The Consequences of Childhood Overweight and Obesity.” The
Future of Children 16 (1): 47-67.

Department of Health and Ageing. 2011. “Medicare Statistics. Table E3—Percentage
of Non-referred (GP) Attendances Bulk Billed” [accessed on 1 June 2011].
Available at: http://www.health.gov.au/internet/main/publishing.nsf/Content/
medstat-mar11-tables-ee.

Dietz, W. H. 1998. “Health Consequences of Obesity in Youth: Childhood Predictors
of Adult Disease.” Pediatrics 101 (3): 518-25.

Duan, N. 1983. “Smearing Estimate: A Nonparametric Retransformation Method.”
Journal of the American Statistical Association 78 (383): 605-10.

Duan, N., W. G. Manning Jr, C. N. Morris, and J. P. Newhouse. 1983. “A Comparison
of Alternative Models for the Demand for Medical Care.” Journal of Business &
Economic Statistics 1 (2): 115-26.

Finkelstein, E. A., I. C. Fiebelkorn, and G. J. Wang. 2003. “National Medical Spending
Attributable to Overweight and Obesity: How Much, and Who's Paying?”
Health Affairs 22 (4): W219-26.

Finkelstein, E. A., and J. G. Trogdon. 2008. “Public Health Interventions for Address-
ing Childhood Overweight: Analysis of the Business Case.” American Journal of
Public Health98 (3): 411-5.

Flores, G., L. Olson, and S. C. Tomany-Korman. 2005. “Racial and Ethnic Disparities
in Early Childhood Health and Health Care.” Pediatrics 115 (2): e183-93.

Hampl, S. E., C. A. Carroll, S. D. Simon, and V. Sharma. 2007. “Resource Utilization
and Expenditures for Overweight and Obese Children.” Archives of Pediatrics &
Adolescent Medicine 161 (1): 11-4.

Haslam, D. W,, and W. P. T. James. 2005. “Obesity.” Lancet 366 (9492): 1197—-209.

Johnson, E., M. M. McInnes, and J. A. Shinogle. 2006. “What Is the Economic Cost of
Overweight Children?” Eastern Economic Journal 32 (1): 171-87.

Jones, A. M. 2010. Models for Health Care. HEDG Working Paper. York: The University
of York.

Manning, W. G. 1998. “The Logged Dependent Variable, Heteroscedasticity, and the
Retransformation Problem.” Journal of Health Economics 17 (3): 283-95.

Manning, W. G., and J. Mullahy. 2001. “Estimating Log Models: To Transform or Not
to Transform?” Journal of Health Economics 20 (4): 461-94.

Mokdad, A. H.,]J. S. Marks, D. F. Stroup, and J. L. Gerberding. 2004. “Actual Causes of
Death in the United States, 2000.” Journal of the American Medical Association 291
(10): 1238-45.

Monheit, A. C,, J. P. Vistnes, and J. A. Rogowski. 2009. “Overweight in Adolescents:
Implications for Health Expenditures.” Economics and Human Biology 7 (1): 55-63.

Mullahy, J.. 1998. “Much Ado about Two: Reconsidering Retransformation and
the Two-Part Model in Health Econometrics.” Journal of Health Economics 17 (3):
247-81.

Must, A.. 1996. “Morbidity and Mortality Associated with Elevated Body Weight in
Children and Adolescents.” The American Journal of Clinical Nutrition 63 (3):
4458.



676 HSR: Health Services Research 47:2 (April 2012)

Must, A., and S. E. Anderson. 2003. “Effects of Obesity on Morbidity in Children and
Adolescents.” Nutrition in Clinical Care6 (1): 4-12.

Nickens, H. W.. 1995. “The Role of Race/Ethnicity and Social Class in Minority
Health Status.” Health Services Research 30 (1 Pt 2): 151-62.

Sassi, F. 2010. Obesity and the Economics of Prevention. Paris: Organisation for Economic
Co-operation and Development (OECD).

Silles, M. A.. 2009. “The Causal Effect of Education on Health: Evidence from the
United Kingdom.” Economics of Education Review 28 (1): 122-8.

Skinner, A. C., M. L. Mayer, K. Flower, and M. Weinberger. 2008. “Health Status and
Health Care Expenditures in a Nationally Representative Sample: How Do
Overweight and Healthy-Weight Children Compare?” Pediatrics 121 (2): E269—
77.

Soloff, C., D. Lawrence, and R. Johnstone. 2005. LSAC Téchnical Paper Number 1: Sample
Design. Melbourne: Australian Institute of Family Studies.

StataCorp. 2009. Stata Statistical Software: Release 71. College Station, TX: StataCorp
LP.

Trasande, L., and S. Chatterjee. 2009. “The Impact of Obesity on Health Service Utili-
zation and Costs in Childhood.” Obesity 17 (9): 1749-54.

Wee, C. C, R. S. Phillips, A. T. R. Legedza, R. B. Davis, J. R. Soukup, G. A. Colditz,
and M. B. Hamel. 2005. “Health Care Expenditures Associated with Over-
weight and Obesity among US Adults: Importance of Age and Race.” American
Journal of Public Health95 (1): 159-65.

WHO. 2011. “Childhood Overweight and Obesity” [accessed on January 5, 2011].
Available at: http://www.who.int/dietphysicalactivity/childhood/en/.

Yang, Z., and A. G. Hall. 2008. “The Financial Burden of Overweight and Obesity
among Elderly Americans: The Dynamics of Weight, Longevity, and Health
Care Cost.” Health Services Research 43 (3): 849-68.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this
article:

Table S1. Marginal Effects from Models of Reported Health Status of
Child, Concern about Child's Weight and Hospital Stays.

Please note: Wiley-Blackwell is not responsible for the content or func-
tionality of any supporting materials supplied by the authors. Any queries
(other than missing material) should be directed to the corresponding author
for the article.



