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Overview

! Significant gaps in health outcomes
between Indigenous and non-Indigenous
infants

! Significant gaps in access to health care
between two populations

! Significant SES disadvantages within
Indigenous population
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Overview

! The mortality rate for Indigenous infants
was almost three times the rate for non-
Indigenous infants,

! Indigenous infants were almost twice as
likely to be preterm or of low birth-weight.

!  Indigenous infants had a higher prenatal
mortality rate.

(AIHW, 2006 Report, Leeds KL, 2007)
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Overview

! Marked disparities in health status and health
services utilisation among racial/ethnic
minority groups of Australian infants.

! Indigenous people are less likely to access
health services, encounter more barriers in
the use of health services, despite their poorer
health status and shorter life expectancy
compared with non-Indigenous people.
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Overview

! The gaps in health status and health services
utilization need critical examinations at a
national scale.

! Lack of national representative data in
access to health care services by ethnical
and Indigenous child populations



Some challenges

! Identifying the intervening/mediating causal
pathways;

! Quantifying the magnitude of potential gains
from policy interventions;

! Prioritizing intervention initiatives;
! Combining multiple important initiatives in

single intervention Ð value-for-money;
! Understanding the dynamic relationships

between  a large array of risk factors, health
services utilizations and health outcomes;
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Aims of the project

! Evaluate the health gap between Indigenous
and non-Indigenous infants at wave 2 ;

! Estimate the mediating/intervening/attributable
causal effect of a large array of risk factors on
the health gap

! Explore the mediating/intervening/attributable
causal effect of health services utilisation on
the health gap



What is a mediating/intervening/attributable
/indirect effect? - 1

Indigenous infant   Single mother  
Poor 

health outcome

Intervening/
indirect effect

Direct
effect

Total effect = Direct effect + Indirect effect



To understand the mediating effect
of single parenting on gap

! First, it is partly decided by the difference of the
risk factors between Indigenous and non-
Indigenous populations (i.e. ! 1a)

! Second, it is also partly determined by the
magnitude of the risk factor in causing the
outcome (i.e.! 1b)

Indigenous infant Single parenting! 1a

Single parenting Poor health! 1b



Two ways of estimating mediating
effect

! Product of coefficients method (! 1a x ! 1b )
! theoretically preferred, in particular in the cases

that outcomes are dichotomous or ordinal
! estimated using structural equation modeling /

path analysis approach and related software
(Mplus, LISREL, AMOS, EQS, etc)

! Difference of coefficients method
! Estimated through serial regression modeling
! Estimated through standard statistical packages

(SAS, SPSS, Stata)



Multiple mediating effects
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Interpretation of a Intervening/mediating
/attributable/indirect effect

! The mediating effect (ie:! 1a x ! 1b) means that:

! If we can eliminate the difference of risk factor 1
between  non-Indigenous and Indigenous
population,  the inequality in health outcome will be
reduced (or increased) by such amount as β1a x
β1b,  keeping other things constant.



More complex mediating effects: access to health
services
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Figure 2



The model fitted

! Simultaneously fitting 35 models in Figure 2

! Because that we included 35 potential
mediating factors in our model

! We focused on the results of the mediating
effects of these 35 risk factors in todayÕs
presentation



Data included both wave 1 and
wave 2 infant cohort  (LSAC)

! Total sample of infant cohort at wave 1 : 5107
! Infants from non-English speaking background (NESB,

n=525) were excluded;
! Exclude strata 74 (Northern Territory  XMET Small:

only 4 cases)

! Including only those infants living with their biological
mothers (99.7%) (225 Indigenous infants and 4280
non-Indigenous infants)

! Final sample: 4505 infants included in the analysis:
! Only 4098 had physical domain health index and

global health rating at wave 2



Potential mediating variables included in the model - 1
 

Mothers’ Social demographic variables at baseline  

Mothers' age groups (1=15 -20; 2=21 -25;3=26 -30;4=31-35;5=36 -40;6= 41 or plus)  

Marital status (0=Single; 1=Married)  

Education (0=under high school; 1=completed high school; 2=tertiary qualification or 

above) 

Employment status (0=unemployed; 1=employed)  

Smoking during pregnancy (0=yes; 1 =no)  

Drink during pregnancy  (0=yes; 1 =no)  

Private Health insurance (0=no; 1=yes;)  

Receive any of government benefits (0=yes; 1 =no)  

Visit times of prenatal care  

Religion (0=no; 1=yes;)  

Attendance at religious services  ( 0=yes; 1 =no)  

Family income (1:<$499 wk; 2:$500 -$999 wk:3:$1000 -$1499 wk; 4:$1500 -1999; 

5:$2000+wk)  

Social economic position score (higher the score, better the position)  

Hardship scale (higher the score, harsher the situation)  

Use neonatal Intensive Ca re Unit/Special Care Nursery  (0=yes; 1 =no)  

Frequent binge drinking (5+drinks a row, >= 2 t o 3 times a month for women) : 

0=yes; 1 =no 

Depression scale (K6) ( higher score, less depressed)  

Stressful  life events index  (higher score, more stressful)  

Anti-depressants taken during pregnancy (0=no; 1=yes;)  

 



Potential mediating variables included in the model - 2

Social -psychological (Parenting self -efficacy; parenting style,  

couple relationship, attachment to family and friends  

Parenting self -efficacy (4 -item; higher score, better  self -efficacy)  

Warm parenting (6 -item; higher score, better warm -parenting)  

Hendrick relationship quality scale (higher score, better quality)  

Argumentative relationship scale (fv): (higher score, more argumentative)  

Attachment to family scale (Higher  score, better attachment)  

Attachment to friends scale (Higher score, better attachment)  

Social ecological (SEIFA,, Region, Remoteness, liveability, facility, belonging, 

civic engagement)  

Postcode level SEIFA advantage/disadvantage (higher score, more a dvantageous)  

Region of residence (0=non -Metropolitan; 1=Metropolitan)  

Remoteness area classification (1:Accessible;2:Moderately accessible; 3:Remote)  

Neighbourhood liveability (5 -item: higher score, poorer liveability)  

Neighbourhood facilities ( 3 -item: higher score, poorer facility)  

Neighbourhood belonging scale (4 -item: higher score, poorer belonging)  

sum of all voluntary civic engagement  

No. of child -related volunteer groups  

No. of volunteer groups located locally  

 



Health outcomes

! 1. A 5-point Likert scale of the global overall
health rating of the infants by the surveyed
parents (1. excellent; 2. very good; 3. good;
4.fair; 5. poor).

! 2. Physical outcome index ( a composite
score of the global overall health rating and
6-item special health care needs screening
questions for infants)



Health Services Measures

!  general practitioners (GP),
! maternal and children care nurse visits
! maternal and children centre/ help line
! pediatricians
! other specialists
! emergency departments
! hospital admission due to injuries
! non-injury related hospital admissions
! outpatient clinics
! other services not mentioned above.

! All these variables were coded as dichotomous
(1=yes, 0=no).



Data analysis strategy - 1

! Second-generation of Structural Equation Modeling
(Bengt MuthŽn, 2000); Mplus 5.2

! Taking into account complex survey design (ie:
clustering, stratification & probability weight)

! ÒModel IndirectÓ command in Mplus with ÔindirectÕ or
ÔviaÕ option where appropriate with effect size , p
value and SE from output

! All dichotomous and ordinal variables treated as
categorical except for Aboriginality status (treated as
an indicator variable and the only exogenous
variable in the model)



Data analysis strategy - 2

! Missing value estimating option by Mplus 5.2
was employed;

! A full-information maximum likelihood
approach;

! A robust weight least square estimator
(WLSMV) was used



Results

! The health gaps at wave 2

! Distribution of mediating variables at wave 1

! Magnitude of mediating effects on health
outcomes and the ranking



Table 1  Disparity of follow-up health outcomes
between Indigenous and non-Indigenous infants

 Non-Indigenous  Indigenous  Total  P 

Global health outcome      

Excellent  51.6% 45.1% 51.3% 0.022  

Very good  35.1% 34.7% 35.1%  

Good 11.1% 15.1% 11.3%  

Fair  2.1% 5.2% 2.2%  

Poor  0.2% 0.0% 0.2%  

Total  100% 100% 100%  

Mean (SE)  1.642(0.136 ) 1.803(0.0582 ) 1.649 (0.013) 0.008 

Physical health domain index      

Mean (SE)  1.004(0.002)  0.985(0.008)  1.003(0.002)  0.017 

 



Distribution of mediating factors at wave 1 by Aboriginality -1

 Non-Indigenous 

infants  

Indigenous 

infants  

 

 n Mean or 

proportion  

n Mean or 

proportion  

P value  

Mothers' age groups (1=15 -20; 2=21-25;3=26-
30;4=31-35;5=36-40;6= 41 or plus)  

4279 3.62 225 2.85 <0.001 

Marital status (0=Single; 1=Married)  4279 0.74 224 0.25 <0.001 

Education (0=under high school; 1=completed high 
school; 2=tertiary qualification or above)  

4279 1.54 224 0.92 <0.001 

Employment status (0=unemployed; 1=employed)  4280 0.36 224 0.14 <0.001 

Smoking during pregnancy (0=yes; 1=no ) 3685 0.84 153 0.44 <0.001 

Drink during pregnancy  (0=yes; 1 =no) 3678 0.59 148 0.78 <0.001 

Private Health insurance (0=no; 1=yes;)  4279 0.49 223 0.13 <0.001 

Recei ve any of government benefits (0=yes; 1 =no) 4280 0.17 225 0.04 <0.001 
Visit times of prenatal care  4266 5.61 222 5.34 0.001 
Religion (0=no; 1=yes;)  4269 0.76 222 0.74 0.409 

Attendance at religious services  (0=yes; 1 =no) 4274 0.82 223 0.87    0.156 

Family income (1:<$499 wk; 2:$500 -$999 
wk:3:$1000-$1499 wk; 4:$1500 -1999; 5:$2000+wk)  

4067 2.89 215 1.92 <0.001 

 



Distribution of mediating factors at wave 1 by Aboriginality -2
 Non-Indigenous 

infants 
I ndigenous 

infants  
 

 n M ean or 
proportion  

n M ean or 
proportion  

P value 

Social position score (higher the score, better the 

position)  

4276 0.15 221 -0.89 <0.001 

Hardship scale (higher the score, harsh er the situation)  4276 0.85 223 1.84 <0.001 

Use neonatal Intensive Care Unit/Spe cial Care Nursery  

(0=yes; 1 =no) 

4277 0.83 225 0.76 0.009 

Frequent binge drinking (5+drinks a row, >= 2 t o 3 

times a month for women) : 0=yes; 1 =no 

3598 0.92 151 0.84  

   0.007 

Depression scale (K6) ( higher score, less depressed)  3709 4.43 154 4.25 0.003 

Stressful life events index  (higher score, more 

stressful)  

3692 1.38 154 2.14 <0.001 

Anti -depressants taken during pregnancy (0=no; 

1=yes;)  

4274 0.02 225 0.02    

 0.758 

Parenting self -efficacy (4 -item; higher score, better 

self-efficacy)  

4272 8.49 224 8.46  

0.542 

Warm parenting (6 -item; higher score, better warm -

parenting)  

4272 4.56 224 4.61 0.341 

Hendrick relationship quality scale (higher score, 

better quality)  

3419 4.37 100 4.17  

0.003 

 



Distribution of mediating factors at wave 1 by Aboriginality -3
 Non-Indigenous 

infants 
Indigenous 

infants 
 

 n M ean or 
proportion  

n M ean or 
proportion  

P value 

Argumentative relationship scale (fv): (higher score, 

more argumentative)  

3417 2.15 100 2.24  

0.155 

Attachment to family scale (Higher score, better 

attachmen t) 

3685 1.80 154 1.98  

0.047 

Attachment to friends scale (Higher score, better 

attachment)  

3675 1.91 152 2.07  

0.036 

Postcode level SEIFA advantage/disadvantage (higher 

score, more advantageous)  

4239 10.07 224 9.64  

<0.001 

Region of residence (0=non -Metropolitan; 

1=Metropolitan)  

4280 0.61 225 0.35  

<0.001 

Remoteness area classification 

(1:Accessible;2:Moderately accessible; 3:Remote)  

4225 1.25 223 1.71  

   <0.001 

Neighbourhood liveability (5 -item: higher score, 

poorer liveability)  

4280 2.03 224 2.19  

<0.001 

Neighbourhood facilities ( 3 -item: higher score, poorer 

facility)  

4280 1.99 224 2.10  

0.049 

Neighbourhood belonging scale (4 -item: higher score, 

poorer belonging)  

3710 2.44 155 2.66  

<0.001 

Sum of all voluntary civic engagement  3595 1.12 152 0.86  0.002 

No. child -related volunteer groups  2130 1.35 68 1.53 0.138 

No. volunteer groups located locally  2113 1.98 67 2.36 0.053 

 



The mediating effects of risk factors on health gap- 3

 Global 

health 

outcome  

P value  Physical 

health 

index  

P value  

Attachment to friends scale (Higher score, 

better attachment)  

0.018 0.034* -0.001   0.025* 

Postcode level SEIFA advantage/disadvantage 

(higher score, more advantageous)  

0.034 0.052  0.000    0.840  

Region of  residence (0=non -Metropolitan; 

1=Metropolitan)  

-0.012  0.583  0.002   0.098  

Remoteness area classification 

(1:Accessible;2:Moderately accessible; 

3:Remote)  

0.021 0.456  0.003   0.168  

Neighbourhood liveability (5 -item: higher 

score, poorer liveability)  

0.039 0.003**   -0.003    0.001**  

Neighbourhood facilities ( 3 -item: higher score, 

poorer facility)  

0.011 0.174 -0.001   0.192  

Neighbourhood belonging scale (4 -item: higher 

score, poorer belonging)  

0.042 0.003**  -0.003   0.003**  

Sum of all voluntary civic e ngagement  0.012 0.160  0.001   0.092  

No. child -related volunteer groups  0.010 0.327 -0.001   0.149  

No. volunteer groups located locally  0.010 0.312 -0.002   0.106  

 



The mediating effects of risk factors on health gap- 1
 Global 

health 

outcome  

P value  Physical 

health 

index  

P value  

Mothers' age groups (1=15 -20; 2=21 -25;3=26 -

30;4=31-35;5=36-40;6= 41 or plus)  

0.060  0.002**  -0.001   0.232  

Marital status (0=Single; 1=Married)  0.147  0.004**  -0.011 <0.001** 

Education (0=under high school; 1=completed 

high school; 2=tertiary qualification  or above)  

0.070  0.034* -0.002   0.290  

Employment status (0=unemployed; 

1=employed)  

-0.006 0.785 -0.001   0.608  

Smoking during pregnancy (0=yes; 1=no)  0.140  0.010**  -0.009   0.008**  

Drink during pregnancy  (0=yes; 1=no)  0.038  0.056 -0.001   0.510  

Priva te Health insurance (0=no; 1=yes;)  0.122  0.006**  -0.004   0.096  

Receive any of government benefits (0=yes; 

1=no)  

0.075  0.033* -0.004   0.061  

Visit times of prenatal care  -0.010 0.391  0.000    0.592  

Religion (0=no; 1=yes;)  0.000  0.877  0.000    0.599  

Attendance at religious services  (0=yes; 1=no)  0.009  0.300  0.000    0.555  

Family income (1:<$499 wk; 2:$500 -$999 

wk:3:$1000 -$1499 wk; 4:$1500 -1999; 

5:$2000+wk)  

0.084  0.010**  -0.006   0.001**  

Social position score (higher the score, better 

the position)  

0.129 0.001**  -0.005   0.009**  

 



The mediating effects of  risk factors on health gap - 2
 Global 

health 
outcome 

P value  Physical 
health 
index  

P value  

Hardship scale (higher the score, harsher the 
situation)  

0.061 0.008**  -0.006 <0.001**  

Use neonatal Intensive Care Unit/Special Care 
Nursery  (0=yes; 1=no)  

0.027 0.061 -0.002   0.041*  

Frequent binge drinking (5+drinks a row, >= 2 
to 3 times a month for women) : 0=yes; 1=no  

-0.003 0.882 -0.001   0.504 

Depression scale (K6) ( higher score, less 
depressed)  

0.046 <0.001**  -0.006 <0.001**  

Stressful li fe events index (higher score, more 
stressful)  

0.046 0.002**  -0.005 <0.001**  

Anti -depressants taken during pregnancy (0=no; 
1=yes;)  

-0.009 0.758  0.001   0.754 

Parenting self -efficacy (4 -item; higher score, 
better self -efficacy)  

0.011 0.439 -0.001   0.437 

Warm parenting (6 -item; higher score, better 
warm-parenting)  

-0.010 0.328  0.001   0.333 

Hendrick relationship quality scale (higher 
score, better quality)  

0.041 0.007**  -0.003   0.005**  

Argumentative relationship scale (fv): (higher 
score, more argumentative)  

0.014  0.087 -0.002   0.052 

Attachment to family scale (Higher score,  better 
attachment)  

0.015 0.081 -0.002   0.052 

 



The most significant intervening pathways -1

! Marital status (0.147)
! Smoking during pregnancy (0.14)
! Social economic position score (0.129):

! private health insurance (0.122), family income (0.084),
receive any of government benefits(0.075), education
(0.07), hardship (0.061)

! MotherÕs age groups (0.06)
! Depression (0.046)
! Stressful life events (0.046)



The most significant intervening pathways -2

! neighborhood belonging : 0.042
! couple relationship : 0.041
! neighborhood liveability : 0.039
! drinking during pregnancy: 0.038
! postcode SEIFA score :  0.033
! attachment to friends :    0.018
! argumentative relationship : 0.014



Discussion

! Only 5% of Indigenous infantsÕ health status
were rated as fair/poor by their mothers at
wave 2 ( 2.5% by non-Indigenous mothers)

! Single mother was the most important
intervening pathway in reducing the gap,
followed by smoking during pregnancy

! Personal SES score is a much stronger
intervening factor than Area SES (ie: SEIFA)
as well as individual SES measures



Discussion -2

! Higher proportion of younger mother in
Indigenous population contributed to the health
gaps

! Increased neighborhood liveability and belonging
for Indigenous mothers may reduce the gap

! Better psycho-social support in reducing the
detrimental effect of depression, stressful life
events may be needed



Discussion - 3

! Why wasnÕt the remoteness a significant
intervening factor towards the gap? (13% of
Indigenous infants living in a very
remote/remote area, compared to 3.7% of
non-Indigenous infants)?

! In general, remoteness was not associated
with poor health in this study.

! Higher attachment to friends by non-
Indigenous mothers was shown to be a
detrimental factor to the gap.  Why ?



Discussion - 4

! Higher attachment to friends associated
with poorer heath in total population

! However, for non-Indigenous mothers
(Pearson correlation=0.052; p=0.001) but
no such association in Indigenous mothers
(Pearson correlation=0.105; p=0.239;)

! Power or real difference? Modification
effect?

! Is attachment to friends a results or cause
of poor health?



Strengths and limitations

! The first large national representative study in
exploring the determinants of the gap using original
data

! Focus on Òcapacity to benefitÕ in stead of Òdegree of
sicknessÓ

! Large range of potential risk factors
! Extended health services measures
! Comprehensive modeling
! Latest statistical techniques



Limitations

! Differential recall biases by Indigenous and
non-Indigenous mothers

! Only explored the gap at wave 2 (ie: 2/3 years
old)

! Only explored the data on general health
services utilisation but lack of data on use of
Aboriginal specific health services

! Not based on any particular theory Ð further
theory-driven work is needed

! All models are wrong but some are useful (not
tested for modification effects)
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Conclusion

! A ranking of the potential gains from intervening
causal pathways benefits the Ôclosing gapÕ efforts

! Targeted and tailored interventions are needed in
examining these findings

! Further studies are needed in quantifying the
potential gains from intervening causal pathways at
different stages of early childhood



40

Acknowledgement

! This paper uses unit record data from Growing
Up in Australia, the Longitudinal Study of
Australian Children. The study is conducted in
partnership between the Department of
Families, 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 or the ABS.



41

Thanks!

Lixin Ou, MBA MPH PhD Candidate; Jack Chen MBBS PhD MBA

The Simpson Centre for Health Services Research,
UNSW


