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Abstract

Purpose: This study investigated the relationship between children’s language difficulties and health care costs using the
2004-2012 Longitudinal Study of Australian Children (LSAC).

Method: Language difficulties were defined as scores €1.25SD below the standardised mean on measures of directly
assessed receptive vocabulary (49 years) and teacher-reported language and literacy (10-13 years). Participant data were
individually linked to administrative data, which were sourced from Australia’s universal subsidised healthcare scheme
(Medicare).

Result: It was found that healthcare costs over each 2-year age band were higher for children with language difficulties than
without in the 4-5-year-age bracket (mean difference ¥4 AU$357, 95%CI $59, $659), in the 6-7-year-age bracket (mean
difference ¥4 AU$602, 95%CI $136, $1068) and in the 10-11-year-age bracket (mean difference ¥ AU$504, 95%CI $153,
$854). Out-of-pocket costs, that is the portion of healthcare costs paid for by the family, were also higher for children with
than without language difficulties in the 4-5-year-age bracket (mean difference ¥a AU$123, 95%CI $46, $199), in the 6-7-
year-age bracket (mean difference ¥2 AU$176, 95%CIl $74,278) and in the 10-11-year-age bracket (mean
difference ¥ AU$79, 95%CI $6, $152). Medical services accounted for 97% of total healthcare cost differences.
Conclusion: Overall the findings from this study suggest that language difficulties are associated with increased healthcare
costs at key developmental milestones, notably early childhood and as a child approaches the teenage years.
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Introduction economic burden for individuals, families and soci-
ety. As part of a broader enquiry into communica-
tion disability, language difficulties have recently
been subject to a Senate Enquiry in Australia
(Community Affairs References Committee, 2014)
whereby they were identified as a priority area. The
review concluded that there was an urgent need for
the measurement of short, medium and long-term
social and economic impacts of speech and lan-
guage-related  disorders  (Community  Affairs
References Committee, 2014).

The long-term costs associated with under-
employment and income loss in children with

negative outcomes, including decreased educational spe_ech, language and co_mmunlcatlon problems_are
attainment, work performance and occupational estimated to be substantial (Ruben, 2000), but little

stability (Clegg, Hollis, Mawhood, & Rutter, 2005; is known about the specific healthcare costs in these
Felsenfeld & Broen, 1994). populations. The demand for primary care services
is likely to be higher in children with language
difficulties as they are commonly referred to a wide

Language difficulties are one of the most common
childhood conditions. The prevalence ranges from 7
to 17% (Law, Boyle, Harris, Harkness, & Nye, 2000;
Reilly et al., 2010; Rice, Slegers, Taylor, & Zubrick,
2007; Tomblin et al., 1997) with much higher rates
in children from disadvantaged backgrounds (Roy &
Chiat, 2013). Language difficulties impact on the
day-to-day functioning in many areas of children’s
lives, including academic achievement, social func-
tioning and overall quality of life (Schoon, Parsons,
Rush, & Law, 2010). There is also evidence that chil-
dren with language difficulties may have long-term

Because of the broad impact and high prevalence,
language difficulties are likely to have considerable




range of services for diagnosis and treatment. These
services include speech-language pathology, psych-
ology, paediatrics and early intervention services
(Skeat, Gold, Wake, Ukoumunne, & Reilly, 2011;
Skeat et al., 2014). Additionally, there may be
downstream costs to the health system due to
health conditions that develop as a by-product of
the difficulties, such as emotional problems or
behavioural difficulties, resulting from underlying
co-morbidities  such as  Attention  Deficit
Hyperactivity Disorder (ADHD) or due to complex
health care needs driven by social disadvantage
(Yew & O’Kearney, 2013).

A small number of Australian studies indicate
higher health care expenditure among families with
children with language difficulties. For example,
Skeat, Gold, Wake, Ukoumunne, & Reilly (2011)
reported both government and out-of-pocket costs
for families using the Early Language in Victoria
Study (ELVS) (Skeat et al., 2011). This study
considered costs at one time point and did not
consider other predictors of healthcare utilisation.
Todate, the longitudinal relationship between health
care utilisation and language difficulties has been
largely unexplored.

Sciberras et al. (2015) measured the direct
healthcare costs associated with language difficulties
of children aged between 4 and 8 years using the
Longitudinal Study of Australian Children (LSAC)
and found that children with language problems
compared to those without, have biennial health care
expenditures that are on average AU$160 (95%CI
63,$257) higher at age 4-5years (Sciberras et al.,
2015). However, in Australia children with language
difficulties are more likely to be found in families
where English is not the main language spoken
(Taylor, Christensen, Lawrence, Mitrou, & Zubrick,
2013). Therefore, it is unclear how much of the
increase in healthcare utilisation is due to the child’s
language difficulties rather than the child being
bilingual. It is possible that simple cross-sectional
correlation, without consideration of this confoun-
der may provide biased estimates of the impact of a
child’s language difficulties on healthcare costs.
Additionally, Sciberras et al. (2015) considered
healthcare costs defined by the government rebate
only, without consideration of the portion of total
healthcare costs paid for by the family. The
Australian Institute of Health and Welfare (AIHW)
estimates that in 2010/11, 3.2% of household
expenditure related to out-of-pocket healthcare
expenses, with considerably higher costs for people
with chronic or long-term conditions (Australian
Institute of Health and Welfare, 2012). It is likely
that the total healthcare costs for a child with
language difficulties is considerably higher than the
current literature estimates.

The purpose of this study is to explore the
longitudinal relationship  between  language

difficulties and healthcare costs, something which
has been largely unexplored in the literature to date.
By filling this gap, the study advances the literature
on children’s language and healthcare in Australia.
More specifically, this paper draws on four
additional years of longitudinal data (up to
13 years). This focuses on the child’s progression
from early childhood through to teenage years,
which represents the age range where key develop-
mental milestones are made. Patient out-of-pocket
expenses are calculated to provide a more accurate
estimate of the overall healthcare cost. The study
utilises longitudinal regression to consider health-
care utilisation over time while simultaneously
controlling for attributes of the mother and the
household that may influence a child’s language
acquisition and whether a child seeks medical care.

Method
Longitudinal study of Australian children

The LSAC is a nationally representative, prospective
cohort study of children’s development in Australia.
The LSAC follows two cohorts of children, a Birth
(B) cohort and a Kindergarten (K) cohort, each
comprising approximately 5000 children. Children
were recruited in 2004 and were followed-up every
two years. For the purposes of this study, the sample
of interest is the K cohort. In 2004, the K cohort
represented 4983, 4-5-year old children. These
children were then followed up at 6-7 years, 8-9
years, 10-11 years and at 12-13 years. At each
survey a face-to-face interview with the primary
caregiver is administered, supplemented by a mailed
survey with the children’s teacher and direct assess-
ments of the children. The sample is broadly
representative of all Australian children. Full details
of the study design have been previously published
(Sanson et al., 2002). Healthcare costs were
obtained by linkage with participant’s Medicare
Australia data. Consent for Medicare data linkage
was given at Wave 1 and 93% of the K cohort
consented.

Measurement of language acquisition

Table |1 summarises the language measures used in
LSAC. The main measures are the short version of
the Peabody Picture Vocabulary Test Third Edition
(PPVT-111) (2013) (49 years), developed specific-
ally for the LSAC and the Academic Rating Scale-
Language and Literacy (ARS total score) (10-13
years) (Australian Institute of Family Studies, 2010;
Dunn & Dunn, 1997). Both measures are widely
used measures of language and communication skills
(McLeod & McKinnon, 2007; Reilly et al., 2014;
Sciberras et al., 2015). Children were defined as
having language difficulties if their standardised
scores were €1.25SD below the mean on corres-
ponding language measures at each age. Atages 4-5



Table I. Measures of language acquisition used in LSAC- K cohort 2004-2012.

Cohort Age Measure

Description

Language acquisition measures
K 4-9 Peabody Picture VVocabulary test
Third edition (PPVT-111)*-
shortversion

K 10-13 Academic rating scale - Language

and literacy™.

Australian adapted short version of the PPV T-111 (Dunn & Dunn, 1997)

assesses a child’s receptive vocabulary. The PPV T-111 is a direct
assessment in which children are asked to select pictures that correspond
to words read out by the examiner. Forty items are administered,
consisting of 20 core items and 10 base and ceilings items. Raw scores are
converted to scaled scores. This adapted version has a reliability of 0.76
(Rothman, 2003).

A 9-item teacher completed questionnaire of reading and comprehension

(e.g. Conveys ideas clearly, understands and interprets text, reads and

comprehends). Teachers report the proficiency of the child on a 5 point
scale (Not yet; Beginning; In progress; Intermediate: Proficient) Aims to
rate a child’s language and literacy skills in relation to other children at the

same grade level known by the teacher (Australian Institute of Family
Studies, 2010). This measure has validity to assess developmental skill
consistent with early literacy acquisition (Bishop & Adams, 1990;
Buil-Legaz, Aguilar-Mediavilla, & Rodriguez-Ferreiro, 2016; Leitao &
Fletcher, 2004; Lewis et al., 2015)

Supplementary measures
K 4-7 Parents Evaluation of
Developmental Status (PEDS)
receptive language

Parent reported question is concern about how the child understands what
the parent says (receptive). (No; a little; Yes) (Australian Institute of
Family Studies, 2010)

Children were defined as having language difficulties at each age if their standardised language scores were51.25SD below the mean.
PLanguage scores were standardised using the transformation of continuous raw scores to Z-scores at each age group.

years and 6-7 years the Parents Evaluation of
Developmental Status (PEDS) for receptive and
expressive language is also available. This second
measure has been used in the literature (McLeod &
Harrison, 2009) and allowed us to examine whether
healthcare cost patterns were consistent when using
alternative measures of language.

Healthcare costs

Healthcare in Australia is funded through a com-
bination of state and federal government funding
(70%), private insurance (13%) and individual out-
of-pocket expenses (17%) (Australian Institute of
Health and Welfare (AIHW), 2013). The federal
government funds a public insurance scheme for all
the Australians (Medicare) to provide subsidised
access to medical services provided in the commu-
nity (Medicare Benefits Scheme (MBS)), free public
hospital treatment and subsidised access to pharma-
ceuticals (Pharmaceutical Benefits Scheme (PBS))
(Tier 1). In addition, a second tier includes privately
funded health insurance that covers private hospital
services and a portion of allied health services. Co-
payments (portion of the total service fee payable by
the patient) apply to many services.

The outcome variables considered in the analysis
include total healthcare and out-of-pocket costs
Total healthcare costs were obtained by linkage
with Australian Medicare data. Biennial (2-year)
costs for each child were calculated over a 10-year
period, that is, calendar years, from 2003 to 2004,
2005 to 2006, 2007 to 2008, 2009 to 2010 and 2011
to 2012. Medical services (MBS) and pharmaceut-
ical (PBS) costs were combined to report total
healthcare costs. We report on out-of-pocket costs as
the portion of total healthcare costs that are paid for

by the family on behalf of the child. Costs in the
Medicare linked dataset are reported at an item level
and include the MBS/PBS subsidy or government
rebate portion of the total service fee only. The total
service fee was then determined by the sum of the
MBS/PBS subsidy and a calculated co-payment.
Total healthcare costs were calculated as the sum of
all total service fees. Total out-of-pocket costs were
calculated as the sum of all co-payments. Overall,
out-of-pocket costs represent approximately 26% of
the total healthcare costs in the analysis. The AIHW
estimates that individual out-of-pocket costs make
up 28% of the total federal government expenditure.
Given that the sample of interest is children,
whereby there is likely to be a higher rate of bulk
billing, the calculated out-of-pocket cost is consist-
ent with the literature. (Australian Institute of
Health and Welfare (AIHW), 2013). Full details
on the assumptions and methods used to calculate
total service fees and co-payments are located in
Supplementary material.

In terms of medical services that are particularly
relevant to children with language difficulties, under
the current policy Medicare provides a subsidy
towards unlimited visits to general practitioners,
specialist physicians (including paediatrics). For
access to Medicare subsidies for speech-language
pathology, other allied health services and psych-
ology the primary care physician nominates the
number of services, up to a maximum of five per
calendar year (Australian Government Department
of Health, 2015). State-funded community or edu-
cationally based providers and private non-referred
health services are not accounted for in these
analyses. The AIHW estimates that approximately
10% of all primary health care costs (including
referred specialist services) are from community



health services and a further 4% are from private
non-referred health services (Australian Institute of
Health and Welfare (AIHW), 2013).

Descriptive statistics

Table 11 shows the prevalence of language difficulties
amongst different demographic groups in the
Australian population. Approximately 9% of chil-
dren aged between 4 and 13 years were defined as
having language difficulties between 2004 and 2012.
Prevalence estimates varied according to socio-
demographic characteristics of the children and
their families. Language difficulties were more
prevalent among males (8.3%), when compared to
females (6.4%) and among children in the lowest
family income quintile (17.1%), compared to the
highest (3.7%). Prevalence of language difficulties
was higher in children whose mothers spoke a
language other than English at home (14.1%)
when compared to English speakers (7.5%), in
indigenous (19.7%) compared to non-indigenous
(8%) children, those children with long-term med-
ical conditions (11.3%) compared to without (7.6%)
and those with average or below health status

(11.3%) compared to children in excellent health
(7.1%). Language difficulties were negatively asso-
ciated with the presence of private health insurance
(4.9%).

Measures

The summary statistics of the explanatory variables
considered in the analyses are shown in Panel B-
Panel D, Table 11l below. These statistics are
reported biennially (2 years) from 2004 to 2005,
2006 to 2007, 2008 to 2009, 2010 to 2011 and 2012
to 2013. The summary statistics of the outcome
variables are shown in Panel A, Table Il (see
Supplementary material for detailed definitions).
These statistics are reported biennially (2 years)
from 2003 to 2004, 2005 to 2006, 2007 to 2008,
2009 to 2010 and 2011 to 2012. In a two-year
period a child in the K cohort has on average AU
$1607 (SD $2467) of healthcare expenditure, of
which AU$306 (SD $594) is an out-of-pocket
expense.

Child characteristics were used as explanatory
variables in the model to determine which types of
characteristics  contribute to  health  service

Table Il. Prevalence of language difficulties in Australia (reported biennially (2 years)).

Total sample®

No. % with language difficulties

Panel A*
Language difficulties
4/5 years 4093
6/7 years 4384
8/9 years 4409
10/11 years 3712
12/13 years 3716
Panel B’
Gender
Female 2249
Male 2357
Mother speaks another language at home
NESB 714
English speaking 3892
Child is Indigenous
Indigenous 172
Non-indigenous 4434
Household income®
Lowest 667
Quintile 2 994
Middle 888
Quintile 4 705
Highest 537
Private health insurance
Private health insurance 2135
Uninsured 2463
Child’s global health status®
Excellent health 2369
Very good/good health 1246
Average and below health 478
Long-term medical conditions®
No medical conditions 3281
Medical conditions 812
Sample size 4606

340 8.3
278 6.3
408 9.3
451 12.1
474 12.8
144 6.4
196 8.3
147 14.1
193 7.5
21 19.7
319 8.0
114 17.1
94 9.5
62 7.0
31 4.4
20 3.7
104 4.9
286 11.6
169 7.1
117 9.4
54 11.3
248 7.6
92 11.3

NESB: Non-English speaking background; K: kindergarten.

#Sample is subject to missing observations. Prevalence is calculated on a total sample size of non-missing observations

only.

The sample is indicative of wave 1 only, when participants are 4-5 years old.
See Supplementary material for the definition of variables and description of the sample.
Sources: The 2004, 2006, 2008, 2010 and 2012 Longitudinal Study of Australian Children (K cohort).



Table I11. Baseline characteristics (reported biennially (2 years)).

K cohort
Variable Measurement Mean SD
Panel A. Outcome variables
Healthcare costs Healthcare costs%2Medical Services (MBS)+ 1607 2467
Pharmaceuticals(PBS)+ Hospital Costs
Out-of-pocket costs (OOP) OOP ¥4 Healthcare costs - Co-payments 306 594
Panel B. Child’s characteristics
Language difficulties® 1%4Yes, 0¥4No 0.09 0.29
Missing language difficulties® 1%4Yes, 0¥4No 0.01 0.12
Receptive language concern® 1% Yes, 0% No 0.10 0.30
Expressive language concern® 1%4Yes, 0¥4No 0.18 0.39
Long-term medical conditions 1% Yes, 0% No
Language plus 1 other condition 0.03 0.16
1 condition other than language 0.08 0.27
2 or more conditions other than language 0.02 0.29
Child is Indigenous 1%, Yes, 0%2No Includes Aboriginal and 0.04 0.19
Torres Strait Islander
Child’s global health status Ordered 1:5 derived 1% Yes, 0% No.
Excellent health 0.46 0.50
Very Good/Good health 0.31 0.46
Average and below Health 0.23 0.42
Wave Wave 1 (child aged 4-5 years) 0.20 0.40
Wave 2 (child aged 67 years) 0.20 0.40
Wave 3 (child aged 8-9 years) 0.20 0.40
Wave 4 (child aged 10-11 years) 0.20 0.40
Wave 5 (child aged 12-13 years) 0.20 0.40
Panel C. Mother’s characteristics
Mother speaks language other than English at home 1% Yes, 0% No 0.15 0.36
Mother has completed Year 12 1% Yes, 0% No 0.58 0.49
Mother has a long term medical condition 1% Yes, 0% No 0.09 0.29
Mother’s relative has suffered a serious illness, injury 1% Yes, 0% No 0.14 0.34
or assault in the last year
Mother has a resident partner 1% Yes, 0¥%No 0.83 0.37
Panel D. Household characteristics
Household income Annual gross household income equivalised 47 223 37894
Missing household income 1% Yes, 0% No 0.05 0.21
Mother receives Carer’s benefits 1% Yes, 0% No 0.04 0.19
Private health Insurance 1Y% Yes, 0% No 0.50 0.95
Number of siblings the child has Range 0-11 1.59 1.08
Number of observations (child * year) 23021
Number of observations with no missing values for household income 21908
Number of observations with no missing values for language difficulties 20 314

Unique number of observations (child)

4606

K: kindergarten cohort; MBS: medical benefits scheme; PBS: pharmaceutical benefits scheme; SD: standard deviation.
aChildren are excluded from the language difficulties group if they reported other long-term medical conditions; "Refer to Supplementary
material for assumptions about missing observations; ‘Receptive and expressive language measures available from ages 4 to 7 years. These

measures are used in a supplementary analysis only.

Note: Refer to Supplementary material for the definitions of the variables and the description of the sample.
Sources: The 2004; 2006, 2008, 2010 and 2012 Longitudinal Study of Australian Children (K cohorts).

utilisation and healthcare cost. Mothers and
household characteristics were used as explanatory
variables to test whether particular attributes of the
mother or household, influence whether a child
seeks medical care. Approximately 15% of the
mothers speak a language other than English at
home and 9% of the mothers have a long-term
medical condition. Total household gross income,
which was defined to be the sum of maternal
income, resident partner’s income, and the income
of any other employed person who is present in
the household and is then equivalised to account
for the number of people in the household, was
AU  $47223 (SD $37894) (in 2014 prices).
Approximately 4% of the sample received the
Carer’s Benefit: an income supplement that is paid
to carers who provide additional daily care and

attention for someone with a long-term disability
or medical condition.

The explanatory variable of interest is the variable
indicating whether a child has language difficulties
(Panel B, Table II1). This is based on a number of
child language measures in the LSAC (Table I) and
has a prevalence of 9%, when defined in terms of the
main language measures.

Final sample for analysis

From the original sample of 4983 children,
Medicare records were linked for 4606 children
(92.3%). Nine observations were excluded as
healthcare cost outliers, defined by individuals
with costs over AU$50000 in any two-year period.
This criterion is consistent with the literature
(Sciberras et al.,, 2015). T-tests were used to



Table IV. Total 2-year healthcare costs per child by language difficulty status and age: Australia 2003-2012.

Mean Mean difference (95% CI)
Language No language OLS+explanatory Adjusted (FE) +

Age difficulty difficulty Unadjusted (OLS)? variables® explanatory variables®
K cohort 1 2 3 4 5

4-5years 1878 1561 316* [23, 610] 534** [264, 803] 357*  [59, 659]

6-7 years 1833 1539 294  [-225, 812] 541* [43, 1039] 602* [136, 1068]

8-9years 1376 1613 -237°  [-502, 27] -33 [-310, 244] 58 [-200, 315]
10-11years 2276 1750 527* [99, 954] 581** [189, 972] 504**  [153, 854]
12-13years 2198 2341 -143  [-495, 209] 53 [-273, 379] 48  [-250, 346]

Biennial (2-year) costs in 2014 $AUD, rounded to the nearest dollar, 95% confidence intervals (CI) in parentheses, *p50.10; *p50.05;

**p50.01.
OLS: ordinary least squares; FE: fixed effects.

Logistic regression (OLS) includes explanatory variables for a child language difficulties at 4-5 years, 6-7 years, 8-9 years, 10-11 years,
12-13 years interacted with time (Wavel, Wave 2, Wave 3, Wave 4, Wave 5) and weighted for attrition.

PLogistic regression (OLS) includes explanatory variables for a child with language difficulties at 4-5 years, 6-7 years, 8-9 years, 10-11
years, 12-13 years interacted with time (Wavel, Wave 2, Wave 3, Wave 4, Wave 5), three other variables for the child; whether the child is
Aboriginal or Torres Strait Islander, the health status of the child (excellent, very good/good and average/below) and three variables for
long-term health conditions the child has (language plus one long-term condition, one long-term condition without language, two or more
long-term conditions without language difficulties). Mothers characteristics include the mothers educational attainment (mothers who
did/did not complete year 12), one variable indicating mothers health status (long-term medical conditions), one variable indicating health
shocks (mother’s relatives who suffered serious injury, assault or illness) and one variable indicating if the mother has a resident partner.
Household characteristics include the number of siblings the child has, household income levels (equivalised and quintiles determined),
whether the mother receives a carer’s allowance, a variable for the child’s health insurance status and four variables for observations in
Wave 2 to Wave 5 (biennial waves form 2004-2012). Model is weighted for attrition.

‘Fixed affects regression includes explanatory variables as defined in b. Model is weighted for attrition.

compare the differences of baseline characteristics
between the full LSAC sample and the reduced
Medicare-linked sample. No significant differences
were observed (results available on request).

Analysis

Fixed effects regression was used to explore the
association between healthcare costs and language
difficulties from 4 to 13 vyears. This method
improves on cross-sectional analysis as it provides
longitudinal estimates that take into  account
observed and unobserved confounders of healthcare
and language that are time invariant. That is, this
type of regression analysis implicitly controls for the
effects of particular attributes of the mother or
household that might influence whether a child seeks
medical care, as well as influencing the child’s
opportunities to develop language, as long as they
do not vary over time. For example, a child whose
mother speaks a language other than English at
home or the indigenous status of the child. While a
possibility of biases due to unobserved time-variant
confounders remains, results based on this type of
regression are more reliable than those based on
cross-sectional analysis. In Table IV, columns 1 and
2 show the mean unadjusted healthcare costs for
children with and without language difficulties. In
Table 1V, column 3 shows the unadjusted (cross-
sectional) mean difference in healthcare costs for
children with and without language difficulties,
across each age-group, without controlling for any
explanatory variables. Column 4 repeats the analysis
from column 3 while simultaneously controlling for

the explanatory variables outlined in Table 111
(OLS+explanatory variables). In Table 1V, column
5 shows the adjusted mean difference in healthcare
for children with and without language difficulties
using fixed effects regression analysis while simul-
taneously controlling for the explanatory variables
outlined in Table Ill. The analysis was conducted
using STATA 14 SE (College Station, TX).

Result

Table IV shows the estimates for 2-year total
healthcare costs for a child with language difficulties.
The cross-sectional results (column 3) showed that
a child with language difficulties, compared to a
child without, had higher healthcare costs between
4-5 years and 10-11 years of age. Once explanatory
variables were simultaneously controlled for in the
analysis (Table 1V, column 4 and 5) this brought
about significant changes in the estimates. In this
analysis statistically significant differences were
found in total healthcare costs for children with
language difficulties, compared to those without, at
age 4-5 years AU$534 (95%CI $264, $803), at 6-7
years AU$541 (95%CI $43, $1039) and at age 10—
11 years AU$581 (95%CI $189, $972). The results
of the longitudinal fixed effects methods showed that
2-year healthcare costs for children with language
difficulties, when compared to those without, were
AU$357 (95%CI $59, $659) higher at age 4-5
years, AU$602 (95%CI $136, $1068) higher at age
6-7years and AU$504 (95%CI $153, $854) higher
at age 10-11 years.

!Interactions with time are included to capture how the mean effect varies by age. That is, the effect of language difficulties on healthcare costs is shown to

significantly differ at 4-5 years, 67 years and 10-11years.



Table V. Total 2-year out-of-pocket costs per child by language difficulties status and age: Australia 2003-2012.

Mean Mean difference (95% ClI)
Language No language OLS+explanatory Adjusted (FE) +

Age difficulty difficulty Unadjusted? variables® explanatory variables®
K cohort 1 2 3 4 5

4-5 years 290 266 23 [-34, 80] 106** [50, 161] 123**  [46, 199]

6-7 years 288 279 9 [-95,113] 111* [8, 213] 176**  [74, 278]

8-9 years 213 302 -88** [-136, -40] -13 [-63, 37] 25  [-33,83]
10-11 years 321 340 -19 [-86, 48] 41 [-25,107] 79* [6, 152]
12-13 years 383 488 -106* [-188, -23] -23 [-100, 54] -21  [-94, 51]
Biennial (2-year) costs in 2014 $AUD, rounded to the nearest dollar, 95% confidence intervals (Cl) in parentheses, +p50.10; *p50.05;

**p50.01.
OLS: ordinary least squares; FE: fixed effects.

*Logistic regression (OLS) includes explanatory variables for a child language difficulties at 4-5years, 6-7years, 8-9years, 10-11 years, 12—
13years interacted with time (Wavel, Wave 2, Wave 3, Wave 4, Wave 5) and weighted for attrition.

PLogistic regression (OLS) includes explanatory variables for a child with language difficulties at 4-5 years, 67 years, 8-9 years, 10-11
years, 12-13 years interacted with time (Wavel, Wave 2, Wave 3, Wave 4, Wave 5), three other variables for the child; whether the child is
Aboriginal or Torres Strait Islander, the health status of the child (excellent, very good/good and average/below) and three variables for
long-term health conditions the child has (language plus long-term condition, one long-term condition without language, two or more
long-term conditions without language). Mothers characteristics include the mothers educational attainment (mothers who did/did not
complete year 12), one variable indicating mothers health status (long-term medical conditions), one variable indicating health shocks
(mother’s relatives who suffered serious injury, assault or illness) and one variable indicating if the mother has a resident partner.
Household characteristics include the number of siblings the child has, household income levels (equivalised and quintiles determined),
whether the mother receives a carer’s allowance, a variable for the child’s health insurance status and four variables for observations in
Wave 2 to Wave 5 (biennial waves form 2004-2012). Model is weighted for attrition.

Fixed affects regression includes explanatory variables as defined in b.

The portion of healthcare costs paid by the family
on behalf of the child (out-of-pocket costs) was also
significantly higher for children with language
difficulties, compared to those without once expla-
natory variables were considered. Based on the
cross-sectional results with explanatory variables,
(Table V, columns 4) the difference in total 2-year
out-of-pocket costs for children with than without
language difficulties was AU$106 (95%CI $50,
$161) at 4-5 years and AU$111 (95%CIl $8,
$213) at 6-7years. Once longitudinal fixed effects
models were considered, statistically significant dif-
ferences were found in total 2-year out-of-pocket
costs for children with language difficulties, com-
pared to those without at age 4-5 years AU$123
(95%CI $46, $199), at age 6-7 years AUS$176
(95%CI $74, $278) and at age 10-11 years AU$79
(95%CI $6, $152).

Comparison of healthcare costs by type of health
service (Table VI) showed that medical services
accounted for 97% of the total healthcare cost
differences for children with language difficulties,
compared to those without, which was largely driven
by general practise visits, speech-language pathology
and other allied health services. Medical service
costs for children with language difficulties, com-
pared to those without, were AU$381 (95%CI $89,
$674) higher in the 4-5 year age bracket, AU$603
(95%CI $160, $1047) higher in the 6-7 age bracket
and AUS$455 (95%CI $131, $778) higher in the 10—
11 year age bracket (Table VI, Column 2).
Pharmaceutical costs in the 10-11 year age bracket
accounted for the remaining 3% of the total
healthcare costs differences (mean difference¥
AUS49, (95%ClI $32, $130)) (Table VI, column 3).

In a supplementary analysis an alternative meas-
ure of language difficulties was used to test the

consistency of the results. In this supplementary
analysis the explanatory variable of interest was
based on a language measure in the LSAC indicating
whether a mother has concern for her child’s
receptive or expressive language (Table 1I). This
variable was asked when the child was aged 4-5
years and then 2 years later, at 6-7 years and has
been used to identify children’s language in previous
studies (McLeod & Harrison, 2009). The prevalence
of receptive language concern in children aged
between 4 and 7 years is largely consistent with the
prevalence identified using the main language meas-
ures (9%). The fixed effects regression model can
only be computed for the waves where the measure
is observed which in this case is wave 1 and wave 2,
when the child is 4-5 years and 6-7 years. The
model simultaneously controls for the explanatory
variables outlined in Table Ill. Statistically signifi-
cant differences were found in total healthcare costs
for children with language difficulties, compared to
those without, at age 4-5 years AU$264 (95%ClI
$16, $512). These results are consistent with the
results identified by the main language measures in
Table IV.

Discussion

This paper has investigated the cross-sectional and
longitudinal relationships between healthcare costs
and children’s language difficulties using the 2004—
2012 LSAC. The first set of findings is that there is a
consistently positive relationship between children’s
language difficulties and their healthcare utilisation
in both cross-sectional and longitudinal analyses
once background characteristics are accounted for.
Children with language difficulties aged 4-7 years,
6-7 years and 10-11 years are more likely to have



Table VI. Total 2-year medical services (MBS) and Pharmaceutical (PBS) costs $AUD per child by
language difficulty status.

Mean difference (95% CI)

Age Total healthcare Medical services®” Pharmaceuticals®”
K cohort 1 2 3
4-5years 357* [59, 659] 381* [89,674] -23 [-94, 49]
67 years 602* [136,1068] 603** [160,1047] -1 [-92, 89]
8-9years 58 [-200, 315] 53 [-189, 295] 5 [-56, 65]
10-11years 504** [153, 854] 455%* [131, 778] 49* [32, 130]
12-13years 48 [-250, 346] 63 [-219, 346] -15 [-72, 42]

Biennial (2-year) costs in 2014 $AUD, rounded to the nearest dollar, 95% confidence intervals (ClI) in
parentheses, *p50.05, **p50.01.

*Medical services include hospital attendances.

PFixed affects regression includes explanatory variables for a child with language difficulties at 4-5 years,
6-7 years, 8-9 years, 10-11 years, 12-13 years interacted with time (Wavel, Wave 2, Wave 3, Wave 4,
Wave 5), three other variables for the child; whether the child is Aboriginal or Torres Strait Islander,
the health status of the child (excellent, very good/good and average/below) and three variables for
long-term health conditions the child has (language difficulties plus one long-term condition, one long-
term condition without language, two or more long-term conditions without language difficulties).
Mothers characteristics include the mothers educational attainment (mothers who did/did not
complete year 12), one variable indicating mothers health status (long-term medical conditions), one
variable indicating health shocks (mother’s relatives who suffered serious injury, assault or illness) and
one variable indicating if the mother has a resident partner. Household characteristics include the
number of siblings the child has, household income levels (equivalised and quintiles determined),
whether the mother receives a carer’s allowance, a variable for the child’s health insurance status and

four variables for observations in Wave 2 to Wave 5 (biennial waves form 2004-2012).

increased healthcare utilisation, relative to children
aged 8-9 years or 12-13 years. The demand for
additional medical services at 4-5 years is consistent
with the identification of language difficulties during
pre-school years or as the child starts school. These
additional services may include general practitioner
referral to speech-language pathology or early inter-
vention services (Skeat et al., 2011). Additionally,
there is evidence of downstream medical and
pharmaceutical costs to the health system, which
supports the literature that long-term conditions
develop as a by-product of language difficulties. In a
recent meta-analyses Yew & O’Kearney (2013)
found that children with language difficulties,
compared to those without, are approximately
twice as likely to exhibit emotional problems (RR
Y41.84; 95%Cl 1.04,3.25), more than twice as likely
to have behavioural difficulties (RR ¥42.66; 95 ClI
1.66,3.08), and are at the 60th percentile (95%CI
52,68) for ADHD symptoms. (Yew & O’Kearney,
2013). Further research is required to disentangle
the total medical service costs for these children.
Another set of findings is that total healthcare
costs for children with language difficulties com-
pared with those without are higher than previous
estimates. Sciberras et al. (2015) estimated that the
difference in biennial healthcare costs for children
with and without language difficulties at age 4-5 was
AU$160 (95%CI 63, $257). The estimate from the
current study of AU$AU$357 (95%CI1 $59, $659)
(Table 1V) suggests that this may have been an under
estimate. This difference is largely explained by the
inclusion of out-of-pocket expenses, which account

for AU$123, or approximately 34% of the total
healthcare cost at this age.

These results improve on previous studies based
on cross-sectional analysis alone. The strengths of
this study include the use of language measures from
a nationally representative longitudinal study with
individual linkage to medical, pharmaceutical and
hospital expenditure, and calculated out-of-pocket
costs. Longitudinal regression techniques were used
to examine the costs associated with language
difficulties at five time points, from the early
childhood, up to when the child is a teenager.
Validated and widely used parent report, teacher
report, and direct assessments of language difficul-
ties were used, allowing assessment of a broad range
of language difficulties.

Limitations

However, it is acknowledged that one of the
difficulties in calculating healthcare utilisation
based on language acquisition screening tools is
attributing healthcare costs to an additional lan-
guage healthcare need. Medicare does not provide
information about the reason for healthcare attend-
ances and as a result it was not possible to distin-
guish between services and pharmaceuticals received
specifically for the assessment and/or treatment of
language difficulties. Several studies have demon-
strated that socio-demographic, child and family
cultural characteristics play a role in patterns of
healthcare utilisation. It is well documented that
social disadvantage disparities exist in accessing and
utilising healthcare (Fiscella, Franks, Doescher, &

!Interactions with time are included to capture how mean differences varies by age. That is, the effect of language difficulties on medical service costs is shown
to significantly differ at 4-5 years, 67 years and 10-11years. The effect of language difficulties on pharmaceutical costs is shown to differ at 10-11years.



Saver, 2002; Flores, Abreu, & Tomany-Korman,
2005; Flores, Rabke-Verani, Pine, & Sabharwal,
2002; Flores & Tomany-Korman, 2008; Yeo, 2004)
and children with social disadvantage are at a higher
risk of language acquisition and processing difficul-
ties (Fernald, Marchman, & Weisleder, 2013;
Nicholson, Lucas, Berthelsen, & Wake, 2012) and
lower rates of language acquisition growth (Taylor
et al., 2013). Children from non-English speaking
backgrounds when compared to English speakers
have been found to perform poorly on receptive
language assessments at early ages but have higher
rates of language acquisition growth. Yet their
parents are less likely to seek help for their child’s
difficulties (Cooper, Smaje, & Arber, 1998; Fiscella
et al., 2002; Flores et al., 2005; Flores & Tomany-
Korman, 2008; Skeat et al., 2014; Yeo, 2004). While
this study has attempted to disentangle the effects of
language difficulties and healthcare utilisation
through more sophisticated modelling techniques
and the inclusion of possible confounders, it is not
possible to distinguish between healthcare received
specifically for the assessment and/or treatment of
language difficulties and health care received to treat
co-morbidities or that may be due to factors that are
predictors of language difficulties.

A second limitation is how the study was able to
define language difficulties at each age. A number of
language screening measures are available in LSAC
and these vary appropriately to match the develop-
mental age of the child. For example the PPVT-III is
a widely accepted screening tool used in longitudinal
studies for children between ages 4 and 9 due to it
being a cost-effective method with good reliability
(Rothman, 2003). However, one of the limitations of
these tools is that they provide insufficient detail to
allow classification of children as meeting criteria for
diagnosed language impairment  (Australian
Institute of Family Studies, 2013; Centre for
Human Resource Research, & The Ohio State
University, 2009). A further limitation is that there
is both direct and indirect language screening
measures available in the LSAC. For the purposes
of this study language difficulties were defined by
population standardised scores (€1.25SD below the
mean). This produced prevalence estimates of
approximately 8.5% which is consistent with preva-
lence estimates reported in the literature (Law et al.,
2000). Additional supplementary analysis under-
taken in this study provided consistent results across
language measures. Overall, these findings support
healthcare cost differences irrespective of the meas-
ure used to define language difficulties.

The LSAC linked Medicare data excludes total
service fees for Medicare items. As a result total
service fees are calculated as part of the analysis by
calculating patient co-payments using published
medical services fees from the Australian Medical
Association and private health insurance gap sched-
ules from a large private health insurance provider in

Australia (Australian Medical Association (AMA),
2014; Medibank Private, 2014), which introduces
some uncertainty in the analysis. As a consistency
check we compared the calculated out-of-pocket
costs (as a proportion of total healthcare costs) with
published AIHW estimates and found that our
assumptions are consistent for the population of
interest.

It is possible that the analysis is not capturing all
of the healthcare costs for these groups. The analysis
improves on previous studies with the inclusion of
out-of-pocket costs. It captures MBS-funded speech
pathology, early intervention services, allied health
and speech pathology when accessed through pri-
mary care providers. However, there is a ceiling on
the number of allied health and speech pathology
services that can be claimed under Medicare policy
in any calendar year. If families are accessing state-
funded community or educationally based providers
after exhausting Medicare services, the overall
healthcare costs will be underestimated. Equally, it
is likely that children from higher income families
may access private services which are also not
accounted for in these analyses. Further research is
required to quantify these additional costs.

Conclusion

Overall the findings from this study suggest that
language difficulties are associated with increased
healthcare costs at key developmental milestones,
notably early childhood and as a child approaches
the teenage years. The results suggest that there is
value in implementing effective early intervention to
reduce the downstream costs on the health system.
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