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EXAMINING ASSOCIATION BETWEEN SELF-ASSESSED HEALTH STATUS
AND LABOUR FORCE PARTICIPATION USING POOLED NHS DATA

Teressa A. Belachew and Anil Kumar
Analytical Services Branch

EXECUTIVE SUMMARY

This research examined the relationship between self-assessed health status and
labour force participation using pooled unit-record data from five National Health
Surveys (NHS) conducted by the Australian Bureau of Statistics between 1989/90 and
2007/08. Descriptive analysis of labour force participation, health and other selected
demographic and socioeconomic factors was conducted. A decomposition of age,
period and cohort effects was undertaken to examine their separate effects on labour
force participation. A logistic regression model was used to examine the association
between participation in the labour force and health status controlling for other
relevant demographic/ socioeconomic variables including age, period and cohorts.
Two self-reported health indicators, namely, self-assessed general health status and
the presence of selected long term health conditions, were alternatively used to
represent the health status variable in the model.

During the study period of 1989/90 to 2007/08, overall labour force participation in
Australia increased since 2001 mainly on account of an increase in female
participation. In terms of age, participation began to decline for both males and
females by age 55, with a much larger decline for women. By age 55-64, around two-
thirds of males were still in the labour force compared to only a third of females.

With regards to health, a large majority of the Australian population (85%) enjoyed
good to excellent self-assessed general health over the study period. The remaining
proportion of the population had fair or poor self-assessed health status. There was
an upward trend in some of the long-term health conditions, such as arthritis, asthma,
diabetes and heart disease, while cancer stayed somewhat steady during the period
under study.

Results from the logistic models showed that health status was an important factor
associated with participation in the labour force, and this relationship was found to be
robust to the alternative measures of the health variable used in the analysis. People
with fair or poor self-assessed health status were less likely to participate in the labour
force compared to those with good or better health. Overall, the association between
health status and labour force participation appeared to be stronger for females than
for males. The probability of participation of an ‘average’ female with fair or poor
health was 0.162 lower than that of an ‘average’ female with good or better health
while the probability for an ‘average’ male with fair or poor health was 0.099 lower



than the same male with good or better health. There were also strong negative
relationships between major chronic diseases — such as arthritis, asthma, cancer,
diabetes and heart disease — and both males’ and females’ participation in the labour
force.

In terms of other variables in the models, age played an important role in individuals’
participation in the labour force. Marital status, non-school qualifications, proficiency
in spoken English, and Indigenous status were other variables that were found to have
significant influence on males’ and females’ likelihood of participation in the labour
force. Additionally for females, presence of dependent children and location had an
influence on their participation in the labour force. Period appeared to have largely a
positive effect on females’ participation in the labour force, while it had a negative
effect on that of males’. After controlling for other variables, some cohort effects were
also observed for both males and females, with the youngest cohorts showing lower
participation in the labour force compared to their oldest counterparts.
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EXAMINING ASSOCIATION BETWEEN SELF-ASSESSED HEALTH STATUS
AND LABOUR FORCE PARTICIPATION USING POOLED NHS DATA

Teressa A. Belachew and Anil Kumar
Analytical Services Branch

ABSTRACT

This paper examined the association between health status and participation in the
labour force using pooled unit-record data created from the ABS’s five consecutive
cross-sectional National Health Surveys. Descriptive analysis of labour force
participation, health status and other selected variables was conducted. A simple
age—period—cohort decomposition model was used to examine the relative influence
of these three factors on labour force participation. A logistic regression model was
used to examine the association between participation in the labour force and health
status, controlling for other relevant demographic/socioeconomic variables including
age, period and cohorts. Two self-reported health indicators, namely self-assessed
general health status and the presence of selected long-term health conditions, were
alternatively used to represent the health status variable in the model. The empirical
results suggested a statistically significant negative association between health status
and labour force participation, and this relationship was found to be robust to the
alternative measures of the health variable used in the analysis. Based on changes in
predicted probabilities for both males and females, those with fair or poor self-
assessed health status were less likely to participate in the labour force compared with
those with good or better health. Likewise, there were also a strong negative
relationships between major chronic diseases, such as arthritis, diabetes, heart
disease, cancer and asthma, and labour force participation for both males and females,
with the relative importance of these diseases varying for the sexes. The association
between health indicators and labour force participation appeared to be stronger for
females than for males.
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1. INTRODUCTION

One of the issues of interest in the intergenerational report is the opportunity cost of
sickness to workforce participation and productivity (Australian Government
Treasury, 2010). It is perceived that overall poor health and/or prevalence of long-
term health conditions, collectively known as national health priority areas, such as
arthritis, asthma, cancer, diabetes, cardiovascular disease, and hypertensive disease,
are increasing over time. These are believed to have an adverse effect on labour force
participation. It has also been noted that people who are not in the labour force or
unemployed have worse health status than those who are in the labour force or
employed due possibly to higher prevalence of health risk factors among the former
group than the latter. On account of these general perceptions, there has been a
strong interest in the actual empirical links between self-assessed health status and/or
individual long-term health conditions, that is, major chronic diseases, and
participation in the labour force. This makes the investigation of the association
between health status and participation in labour force a worthwhile research.

The relationship between health status and participation in the labour force has been
analysed by different researchers (Cai and Cong, 2009; Cai and Kalb, 2006; Kalwij and
Vermeulen, 2008). The effect of chronic diseases on participation in the labour force
has also been studied (Cai and Cong, 2009). Poor health is believed to affect a
person’s capacity to work productively (Stronks ez al., 1997 and Bartley and Owen,
1996 — both cited in Jose et al., 2004). Chronic health conditions have been found to
diminish physical and mental capabilities, leading to disruption in normal work
functioning (Jose et al., 2004; Chirikos, 1993; Mathers, 1994 and Bound et al., 1998).

A variety of datasets have been used in analysing the association between health and
participation in the labour force. For instance, Bound et al. (1998) examined the
dynamic relationship between health status and labour force behaviour among older
working-age adults in the United States using longitudinal data. Cai and Kalb (2004)
and Cai and Cong (2009) explored the effect of health on labour force participation in
the Australian context using the Household, Income and Labour Dynamics in Australia
(HILDA) survey data. Other analyses that examined the relationship between health
and labour market outcomes were based on cross-sectional surveys (Mathers and
Schofield, 1998; Bartley, 1994; and Wilson and Walker, 1993). Jose et al. (2004)
examined the association between non-participation in the labour force and health
using unit-record pooled data from three ABS’s repeated National Health Surveys
(1989/90, 1995 and 2001). These and similar studies (Kumar and Chessman, 2009;
Kumar et al., 2009) have favourably argued for the pooling of relevant datasets for
more enriched analysis.
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The purpose of this study was to examine the association between health status and
participation in the labour force after controlling for diverse variables and thereby
predict probabilities of participation in the labour force and their changes, that is,
marginal effects, which could potentially arise from changes in health status and other
key variables. The study used pooled unit record data from the ABS’s five cross-
sectional National Health Surveys (NHS) conducted between 1989/90 and 2007/08.
The pooling of the five cross-sectional surveys allowed us to have increased sample
size and to study age, period and cohort effects.

The main research questions this study aimed to address were: What relationship
exists between indicators of self-assessed health status and participation in the labour
force? Does poor self-assessed health preclude participation in the labour force? The
core contribution of this work lies in using the above large and nationally
representative dataset, a relatively large number of explanatory variables and
alternative specifications of the health variable to check the robustness of empirical
results. The study thus addressed both methodological and empirical issues involved
in the investigation of these phenomena.

The rest of the paper is organised as follows. Section 2 presents the conceptual
framework of studying labour market behaviour and the role of demographic,
socioeconomic and health characteristics. Section 3 describes the data used in this
study and the construction of pseudo-panel data. Section 4 describes the analytical
techniques used in the study. Section 5 presents results from descriptive analysis.
Section 6 looks at the decomposition and estimation of age, period and cohort effects.
Section 7 presents results from logistic regression models. Section 8 presents
conclusions of the study.
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2. CONCEPTUAL FRAMEWORK OF LABOUR MARKET BEHAVIOUR

Based on the theoretical framework of labour market economics, an individual’s
behaviour towards work and the extent of work is predicted from the standard labour-
leisure choice model (Hunter and Gray, 2001) and tends to be asymmetric across
demographic groups (Hotchkiss and Robertson, 2012). A person’s labour supply
decisions involve a trade-off between time spent at home on market substitution
activities, leisure, and paid work (Benjamin et al., 2002; Gray and Hunter, 2002;
Prowse, 2009). Evidently this decision is a highly complex one and involves many
factors. For instance, an individual’s decision to supply labour is considered in terms
of his/her household/family and interactions that occur within it (Gray and Hunter,
2002). Within the above framework, researchers have used a wide variety of
explanatory variables in labour force participation models.

Some of the common determinants of individual’s behaviour towards participation in
the labour force included: demographic, social and psychological variables (Grogan
and Koka, 2010; Prowse, 2009). The presence of dependent children in a household
plays an important role particularly in females’ labour force participation (Contreras

et al.,2012; Oshio et al., 2011; Grogan and Koka, 2010) and number of adults (Grogan
and Koka, 2010; Oshio et al., 2011). Observable personal characteristics, such as age,
gender, marital status, and educational levels are expected to play important roles in
individuals’ behaviour towards work (Grogan and Koka, 2010; Oshio et al., 2011).

Wage rates, taxation and government transfers are shown to be important
determinants of labour force participation (Prowse, 2009). Job opportunities and
consequently participation in the labour force are also expected to vary by
institutional and contextual variables, such as location. Being located in a state or
section of state or region where there are limited job opportunities tends to reduce
participation in the labour force. Ethnic and religious backgrounds are also among
theoretically relevant variables. For instance, Indigenous Australians tend to
experience significant labour market disadvantage and consequently lower labour
force participation rate (Gray and Hunter, 2002). Oshio et al. (2011) found cohort
effects on labour force participation. The standard labour/leisure choice model
suggests that labour market conditions in a given period have influence on
individual’s labour force participation (Hotchkiss and Roberson, 2006). The health
status of an individual is also an important factor in labour supply decision as changes
in health may affect individual’s preference between work and leisure (Cai and Cong,
2009; Jones et al., 2011). Health status may also affect the time horizon over which
the supply of labour is made (Cai and Cong, 2009 citing Chirikos, 1993).
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Given the focus of this study on the association between health and labour force
participation, an appropriate measure of health is required. Health status generally
refers to a person’s state of wellbeing, and its meaning can vary according to
individual or community expectations and context (ABS, 2001). It is a multifaceted
concept and includes physical, mental and social wellbeing (ATHW, 2010; WHO, 1946).
In the literature, there does not appear to be any consensus as to what is an ideal
measure of health outcome' and in practice a number of alternative measures have
been used, such as self-reported health status, presence of chronic health conditions,
life expectancy, and some combination of health indicators (AIHW, 2010).

For the purpose of this study, we used self-reported health status as it has been used
as a global measure of health in various empirical researches (Simon et al., 2005;
Crossley and Kennedy, 2002). This measure has been found to predict well the onset
of disability and subsequent mortality and it is considered by many to be a useful
measure of adult health status (Wagstaff and Van Doorslaer, 1994).

We used two alternative measures of health, namely self-reported general health
status and presence of major chronic health conditions, both of which are available in
the NHS.? For the major chronic health conditions, two variant measures of health
outcome were examined. The first one was the presence of each of the five major
chronic diseases, namely, arthritis, asthma, cancer, diabetes, and heart disease, as
reported at the discretion of respondents. These health conditions were identified as
the National Health Priority Areas (ABS, 2010 and 2008) as they have been associated
with a higher burden of disease and accounted for a high financial burden’ in Australia
(ABS, 2010 and 2008). The second measure of the presence of chronic health
conditions was the prevalence of one or more of these health conditions, expressed as
a binary outcome, which took a value of 1 if a person had one or more of these
conditions and 0 otherwise. These alternative measures of health status were used in
order to test the robustness of the relationship between health status and labour force
participation and see whether this relationship was sensitive to the health measure
chosen.

1 This is especially so given the fact that no single instrument can measure all possible outcomes of interest in
health at a group or person level.

2 In the NHS, self-reported health status has been captured by the question: “In general would you say your
health is: excellent, very good, good, fair or poor?” while questions relating to the prevalence of major disease
conditions is based on disease conditions classified under the ICD9 and ICD10 Disease classifications.

3 For instance, in 2004/05, the health expenditure on seven major disease groups accounted for $25.5 billion
(ABS, 2010) and $22.3 billion in 2000/01 (ABS, 2008).
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3. DATA

This study used pooled micro data from five National Health Surveys (NHSs). These
surveys were conducted by the Australian Bureau of Statistics (ABS) in 1989/90, 1995,
2001, 2004/05 and 2007/08.* The NHS provides information on a range of health
related issues and demographic and socioeconomic characteristics of the Australian
population aged 0 and over. Health-related data items in each of the NHS’s included
individuals’ self-assessed health status, prevalence of self-reported long-term health
conditions, use of health services and facilities and prevalence of prominent health
risk factors, such as smoking, alcohol consumption, exercise, diet and obesity.
Demographic and socioeconomic information on respondents in the surveys included
age, sex, marital status, presence of dependent children, indigenous status, country of
birth, non-school qualifications, proficiency in spoken English, labour force status and
personal and household income. The data also contained information on location of
respondents, such as state, capital city/regional areas.

Prior to pooling data on selected variables from the surveys, an assessment of the
surveys was made in order to check their comparability and consistency. Given the
repeated nature of the NHSs, they were found to have more or less similar survey
design, scope, coverage, sampling unit, reporting method, mode of survey and
weighting method. Questionnaire wordings for most variables of interest were also
found to be generally similar across the surveys. Where there were some differences
with respect to some variables, efforts were made to align their definitions and/or
categories as close as possible across the surveys prior to pooling the data.” For
example, if the categories of variables were different across the surveys, the categories
were collapsed to a minimum number to make them consistent and comparable
across the surveys.® This process made pooling the data across the surveys feasible.
Although not all variables of interest were available in all the surveys, every effort was
made to ensure the inclusion of all variables of interest on which data were available in
compiling the pooled dataset.

4 Health surveys conducted by the ABS in 1977/78 and 1983 also collected similar information but they are not
part of the NHS series (ABS, 2006). These earlier surveys were not pooled together because of data
comparability problems. Earlier NHS’s were conducted every six years but commencing with the 2001 survey,
the NHS was conducted every three years.

5 For instance, in the case of long-term health conditions, effort was made to align the definition of heart disease
in 2001, 2004/05 and 2007/08 to that of the earlier two surveys (1989/90 and 1995), which had a narrower
definition, to ensure comparability.

6 This was the case for example for health status, labour force status and educational qualification variables
where there were fewer categories or slightly expanded categories in some surveys, particularly between the
earlier two surveys and the latter three surveys.
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The combined sample size of the pooled dataset was 181,626.” Appendix A describes
the steps involved in the construction of the pooled dataset. Appendix B discusses
survey and data comparability across the surveys. Appendix C provides a list of the
main variables available in the pooled dataset.

The pooled repeated cross-sectional health surveys allowed us to create cohorts using
the pseudo-panel or pseudo-longitudinal structure of the dataset. This was done by
first grouping individuals by cohort. A cohort is defined as a group of individuals
whose members share similar experiences or have similar characteristics which
remain the same over all age and time periods. While cohorts can be defined in a
number of ways,” year of birth has frequently been used to define them and the same
was adopted here. A birth cohort is obtained by subtracting age from period. Once
cohorts are defined by birth year, then these groups can be considered to be
represented by individuals in older age groups in subsequent surveys. For example,
persons aged 18-20 years in 1989/90 NHS can be assumed to be represented by those
aged 24-26 years in the 1995 NHS, by those aged 30-32 years in the 2001 NHS, by
those aged 33-35 years in the 2004/05 NHS and by those aged 36-38 years in the
2007/08 NHS. Other cohorts in the pooled dataset can be tracked in a similar fashion.

Appendix D presents the pseudo-panel structure of the pooled dataset for labour
force participation rate with age along the rows, period along the columns and
cohorts represented along the diagonals.” Although the creation of cohorts does not
allow us to follow individuals over time, it allows us to follow a group of individuals
who share a common characteristic over the life cycle and observe how the group
differs from other groups. Each cohort is assumed to be a representative of the
population in that cohort at each period over time.

This study was restricted to the population aged 18-64 years (hereafter referred to as
study population) because we wanted to focus on the influence of health status on
the formal working age population. Future work may consider those aged 18-74
years.

7 The respective sample sizes of each of the five surveys in the pooled dataset were 54241, 53828, 26863, 25906
and 20788.

8 For instance, cohorts can be defined in terms of birth year e.g. all those who were born between 1970 and
1975, migrants arriving in the country during 1980/90, disease cohort, education cohort, etc.

9 Since the NHSs have not been collected at even intervals, with the first three surveys collected at six year
intervals and the last two surveys at three year intervals, we do not have equal width or intervals for age and
period and hence we do not have a normal straight line diagonal. But the cohorts formed at the diagonals do
satisfy the condition C = P-A, that is., given period (P) and age (A) the birth cohort (C) is obtained by
subtracting age from period.
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4. ANALYTICAL TECHNIQUES

In order to describe household and individual demographic, socioeconomic and
health characteristics and locational variables, we used univariate and bivariate
descriptive analytical techniques. T-test and chi-square test were used to compare
people in the labour force (ILF) and those not in the labour force (NILF) and to
compare females and males.

We also used the ‘age—period—cohort’ (APC) accounting model as proposed by Yang
et al. (2008) to analyse and decompose age, period and cohort effects on labour force
participation rates and to gain insights into the relative importance of these three
dimensions. Age effect relates to changes that occur as people age.'’ Period effect
relates to the effect of conditions prevailing at a given period or time point.'* Cohort
effect relates to the effect of specific or unique group characteristics or shared
experiences on the outcome of interest.'* APC effects are particularly of importance
when we observe some outcome or event over time. In fact any phenomenon that
has a time dimension has APC effects (McKenzie, 2005).

The basic APC decomposition accounting model can be expressed as in Equation (1)
(Yang et al., 2008).

S( My )= s+ + B+ 7, + & )

where M, denotes the outcome of interest for the particular APC group or cell, u
denotes the intercept, ¢; denotes the coefficient for the #-th age group, S '/ denotes
the coefficient for the j-th time period, 7, denotes the coefficient for the k-th

cohort, &;;, denotes a random error term and g(-) is the link function relating My,

ijk
to the effects.

Equation (1) is a class of generalised linear models and can take alternative functional
forms, such as linear, log-linear or logistic (Yang et al. (2008). Labour force
participation rate in each APC cell ranges between 0% and 100%. The corresponding
probability of participation in each cell ranges between 0 and 1; the appropriate link
function would then be a logit model that can be expressed as follows:

g(Mz‘j/e)zez'jk:ln =pu+a;+ i+ (2)

mz"]k

10 For example, labour force participation being low when people are young and in education, rising thereafter
and peaking during prime age years, before declining as people retire.

11 For instance, individuals experiencing lower unemployment during times of economic boom and higher
unemployment during times of recession.

12 For example, older cohorts may have lower education levels and hence lower participation in the labour force
compared to younger cohorts who are more educated.
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where 0,-].,@ is the natural log of the odds of participation in the labour force and

My = My, / 100 is the probability of participation in the labour force for a given APC
cell; the other parameters are as defined above. In the estimation of Equation (2), the
APC parameters were each constrained such that their effects add up to zero® (Yang
et al., 2008).

To examine the association between labour force participation and health at the
individual level and incorporating other relevant demographic and socioeconomic
variables, in addition to the age, period and cohort variables, we used a multiple
logistic regression expressed as a logit model (Equation (3)):

, P

loglt(Pb):ln N /iD = Q+mXy ...+, X, 3)
)

where In[.] is the natural logarithm, P, is the probability that person » was in the

labour force, ¢ is the intercept term, n’s are L regression parameters, and the X,’s

are a set of L explanatory variables representing individual »’s observed

characteristics. '

An issue that has been well recognized in the literature in examining the relationship
between many socioeconomic variables, like health status and participation in the
labour force, is the endogenous nature of the variables. The relationship between
these two variables is not one-directional as health status can influence participation
in the labour force and vice versa."> While we are aware of the potential endogeneity
problem in the estimation process, the core objective of this work was limited to
examining the association between the two variables rather than looking into their
causal relationship.'®

13 Thatis Yo, = X8 = X, = 0.

14 It may be noted that Equations (2) and (3) share the same functional form (logistic / logit). Equation (2) was
used to estimate the log- odds of participation at the APC cell or group level with the APC variables as
independent variables. Equation (3) was used to estimate the log-odds of participation at individual level with
APC and other socio-demographic variables as explanatory variables.

15 On one hand, a person’s health may impact on the decision to participate in the labour force or not. Incapacity
due to ill-health could be one of the reasons for not being in the labour force (Prowse, 2009). On the other
hand, a more physically demanding, stressful work and/or working conditions that expose working individuals
to hazardous substances could adversely affect health. Those individuals who participate in the labour force or
are working could be more vulnerable to workplace illness and injuries. Labour force or employment status,
such as not being in the labour force or being unemployed could expose people to health risk factors and as a
consequence lead to poor health. Extended periods of unemployment and the potential resultant financial
and/or psychological stress may also contribute to poor health (ABS, 2011).

16 Investigating the causal relationship between the two variables using instrumental variables method and/or true
panel data might be an area of further work.
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5. DESCRIPTIVE ANALYSIS

This section presents descriptive statistics and trends in health status, prevalence of
major chronic diseases and relationship between labour force participation and
selected explanatory variables. Appendix E presents summary statistics of selected
variables in the pooled dataset for the population aged 18-64 years.

5.1 Health status

As noted in Section 2 above, health status was represented by self-reported health
indicators, namely self-assessed general health and the presence of selected long-term
health conditions. Self-assessed general health status is an important variable for
which respondents reported whether their health was excellent, very good, good, fair
or poor. These were regrouped into two broad categories, namely good or better and
fair or poor health.'” Figure 5.1 shows the trend in self-assessed general health status
using these two categories. In 1989/90, 83.2% of Australians aged 18-64 years rated
their general health as good or better and 16.8% as fair or poor health. In 2007/08, the
proportion of the people aged 18-64 years who assessed their health as good or
better increased to 87.6% while 12.4% reported fair or poor health. Over the study
period of 1989/90 to 2007/08, on the average around 85% of the population aged
18-64 years reported good or better health status and 15% assessed their health as fair
Or poor.

5.1 Trend in self-assessed health status (%)*

%
100 ~

80 A

60
— Good+
Fair/Poor

40 1

20 1

o .
1989/90 1995 2001 2004/05 2007/08
Survey year

*Based on pooled data

17 It may be noted that in NHS 1989/90, self-assessed health status was reported as a four category variable
(excellent, good, fair, poor) while it was reported as a five category variable (excellent, very good, good, fair,
poor) in the subsequent surveys. Collapsing the variable in the later surveys from 5 categories to 4 categories
of the 1989/90 survey in order to make all the surveys comparable was not possible due to some incompatibility
between the definitions of the categories between the 1989/90 survey and the later four surveys. Hence we
opted for the two categories so as to make the variable comparable across all the five surveys.
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It is evident that through time there has been a slight increase in the proportion of

those who assessed their health as good or better and a slightly declining trend in the

fair or poor health between 1989/90 and 2007/08.

The proportion of the population that reported fair or poor self-assessed health status

significantly increased with age (figure 5.2). The proportion rose steadily particularly

after age of 25-34 years. However, closer examination of the proportions of the

people that reported fair or poor self-assessed health status by age has revealed a

general fall in the proportions for all age groups over time.

5.2 Proportion of population aged 18-64 years that reported
fair or poor self-assessed health status, by age (%)*

%
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55—~;"'3-¢b’—"' R
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10 _,-.-.:~;1~.-..’..-._’._-,_’,_-._.._-._.._’..’. —o
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Detailed account of the health status revealed that on the average around 20.4% of
people reported excellent health, 36.9% very good health, 28.8% good health, 10.7%
fair health and 3.2% reported poor health during the 1995 to 2007/08 period (figure

5.3).

With regard to the prevalence of each of the major long-term health conditions

among the population aged 18-64 years, about 12.6% reported arthritis, 9% reported

asthma, 1.4% reported cancer, 2% reported diabetes and 2.0% reported heart disease

over the 1989/90 to 2007/08 period.
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5.3 Trend in self-assessed health status, 1995 to 2007/08 (%)*
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Prevalence rates for these major health conditions over time are shown in figure 5.4.
These rates have been age standardised. As these disease conditions are likely to be
affected by the ageing of the population over time, age standardisation of the crude
rates enables us to make valid comparisons across surveys by eliminating the effect of
changing age structure over time.'® With the exception of cancer, the other four
disease conditions appeared to exhibit an upward trend over the study period, with
some volatility noted for arthritis and asthma.

5.4 Trend in age-standardised prevalence rates for major long-term
health conditions for persons aged 18-64 years (%)*
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* Based on pooled data

18 Here we standardised the crude prevalence rates for the other years to the age distribution of 2001 using the
direct method of age standardisation. The choice of 2001 as the standard or reference year was in line with the
current practice by the ABS (ABS, 2004).
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The proportion of people with long-term health conditions has been increasing with
age (figure 5.5). For instance, the proportion of people with arthritis sharply rose as
age increased. This was particularly true after the age of 35-44 years. Diabetes and
heart disease were characterised with a gentle increase with age, while asthma
exhibited a gentle decline with age.

5.5 Proportion of population aged 18-64 years with
major chronic health conditions, by age (%)*
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Attempt was also made to assess the number of major long-term health conditions
individuals had in relation to the five conditions considered in the paper. Over the
study period, about 71.7% had no condition, 22.1% had one condition, and 5% had
two and 1.2% had three or more chronic health conditions. Overall, about 28.3% of
the people aged 18-64 years had one or more conditions. This proportion was
double that of the proportion of the study population that reported fair or poor self-
assessed general health status. This suggests that not all long-term health conditions
have led to adverse self-assessed general health status. However, there were
statistically significant associations between the general health status and all of the five
major health conditions.

The proportions of the study population that had one or more long-term conditions
were increasing with age (figure 5.6). The increase was the sharpest for those with
one condition followed by those with two conditions. The proportion of those with
three or more conditions gently rose after age of 35-44 years. With reference to trend
over time, the proportion of people that had one condition rose between 1989/90 and
2004/05 and then stabilised (figure 5.7). The proportions of people with two, three or
more long-term health conditions exhibited an upward trend over the study period.
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5.6 Proportion of population aged 18-64 years with one or more
major health conditions, by age (%)*
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People in the labour force were significantly more likely to report good or better self-
assessed health status compared with those not in the labour force. Likewise employed
people were significantly more likely to report good or better general health compared
with those unemployed. Household heads with dependent children were significantly
more likely to report good or better self-assessed health compared with those without
dependent children. After controlling for age, this remained the case for people in
the age bracket of 18-54 years. This situation reversed for those aged 55-64 years.

5.7 Trend in proportion of population aged 18-64 years with one or more
major health conditions, 1989/90 to 2007/08 (%)*
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Males, married people, those from low socioeconomic advantaged areas, those with
lower levels of non-school qualifications, those having difficulty with spoken English
and those born overseas were more likely to report fair or poor self-assessed health
status compared with their counterparts. There were also statistically significant
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differences among the states/territories with respect to the proportions of people who
reported self-assessed health status during the period under consideration. The
states/territories could be divided into four groups based on the proportions of
fair/poor health status: Australian Capital Territory — 12%, Victoria — 14%, New South
Wales/Queensland/Northern Territory — 15% and South Australia/Tasmania — 16%.

5.2 Participation in the Labour Force

Trend in labour force participation over the study period is given in figure 5.8. Overall
labour force participation appears to have increased since 2001 mainly on account of
an increase in females’ participation. Males’ participation slightly declined between
1989/90 and 2001 and stabilized since then. Females’ participation continued to
increase, rising from 65% in 1989/90 to 74% in 2007/08. Despite the increase in
females’ participation, the rate still remained below that of males’ participation.
Average participation rates for males and females were 88% and 68%, respectively,
during the study period.

5.8 Labour force participation, by survey year, 1989/90 to 2007/08 (%)*
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The relationship between participation in the labour force and age appeared to be
strong (figure 5.9). Participation was high during the prime ages (25-44 years),
especially for males, before declining from the age of 45 years onwards. For females,
participation was the highest at the age of 18-24 years before declining between the
age of 25-34 years, largely reflecting the child bearing years. It increased slightly at
the age of 35-44 years and then, like males, declined after the age of 45-54 years, but
at a much faster rate. By the age of 55-64 years, around two-thirds of males were still
in the labour force compared to only a third of females.
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5.9 Labour force participation, by age (%)*

%

Males
100 4 m Al

W Females
80 4
60
01 i
20 - I

0- Il

* Based on pooled data

People with good or better self-assessed health status were significantly more likely to
be in the labour force compared with those with fair or poor self-assessed health
status as shown in figure 5.10.

5.10 Labour force participation, by self-assessed health status (%)*
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Figure 5.11 displays the proportions of people with long-term health conditions
against the labour force status. It is evident that the proportions of the people with
each of the major conditions out of the labour force were significantly higher than
those of in the labour force. This was particularly pronounced in the case of arthritis,
diabetes and heart disease.
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5.11 Labour force status, by major long-term health conditions (%)*
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Other variables that were found to be significantly associated with labour force
participation included presence of dependent children in household, marital status,
country of birth, Indigenous status, non-school qualifications, proficiency in spoken
English and location. These relationships are illustrated by graphs presented in
Appendix F.
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6. DECOMPOSING AGE, PERIOD AND COHORT EFFECTS

In the previous section, we saw some strong relationships between labour force
participation and age and period. We can similarly show labour force participation by
cohort (figure 6.1). Cohorts here were defined in terms of a three-year birth cohorts
which gave a total of 22 cohorts, with the oldest cohort (C1) born during 1925-26 and
the youngest cohort (C22) born during 1987-89."

6.1 Labour force participation, by cohort (%)*
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However, diagrams that show the relationship between age, period or cohort and
labour force participation show only crude or unadjusted age, period or cohort
effects, as each does not control for the other two effects that may also exist. For
example, the relationship between period and labour force participation may ignore
the effects of age and cohort that may also be affecting participation. The large
difference in participation rate between the older and younger cohorts as shown in
Figure 6.1 could simply be reflecting the age differences between the younger and
older cohorts, rather than any inherent differences in the cohorts. Decomposing
these APC effects and separating them can help to identify which of these effects, if
any, are present and which effects are more dominant than the others in explaining
participation in the labour force.

The basic APC decomposition model presented in Equation (2) in Section 4 allows us
to estimate the net effects of each of the three variables, i.e. estimating the effect of
one while controlling for the other two effects. However, the inclusion of all three
APC variables in the model poses a problem in model estimation. This is because the
APC variables are not independent of each other but any one variable is a linear

19 Given that the first three surveys were six years apart and the last two surveys were three years apart, we could
define age in terms of three-year age groups and define cohorts accordingly in terms of three-year birth cohorts
as this enabled us to trace the defined cohorts over the five surveys.
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combination of the other two. For instance, given A and P, we can determine the
birth cohort (C), since C = P—A.* This gives rise to the problem of perfect
collinearity or the ‘identification” problem in which case it is not possible to
simultaneously estimate the true effects of APC, unless some additional constraints are
imposed on the parameters of some of these variables.

Several methods have been proposed to resolve this problem. For the purpose of this
study, we used an approach that is based on the intrinsic estimator method proposed
by Yang et al. (2008) and used by Kumar et al. (2009). A more detailed discussion of
APC decomposition and proposed solutions, including the intrinsic estimator method,
can be found in Appendix G.

We initially applied the APC decomposition model using the intrinsic estimator
method to the APC classification consisting of 16 three-year age groups, 5 single-year
survey periods and 22 three-year birth cohorts. While reliable estimates for the age
and period coefficients could be obtained, it appeared that the three-year birth
cohorts used here were too narrow to detect any significant differences in labour
force participation between different cohorts. The very old and the very young
cohorts in our data were observed at one point in time only, which was during the
period of their exit from and entry into the labour force, respectively, when
participation was low. This coupled with the very small sample sizes for these cohorts
made it difficult to undertake valid comparisons across cohorts and make any
inferences about possible cohort effects. A broader definition of cohorts, with a
longer period separating them apart, could possibly help capture any cohort effect on
labour force participation, if it existed.

With this objective in mind, we redefined our cohorts more broadly to reflect four
distinct periods or generations. These four cohorts were: those born during 1925—
1948, 1949-1957, 1958-1966 and 1967-1989. These four groups were chosen on the
basis that members in each of these groups could share some similar characteristics
and experiences. Furthermore, the use of these four cohorts made them more or less
equally represented in the sample. Although this grouping did not exactly match the
distinct pre-baby boomer, baby-boomer and post baby-boomer periods, they could be
said to roughly represent these generations. Given that the baby-boomer group itself
was quite large in the age group that we were looking at, that is, 18-64 years old, this
group was further split into two subgroups — those born immediately after WWII
(1949-1957) and those born in the 1960s period (1958-1966). The last group (1967-
1989) could be seen to represent the post-baby boomer generation.

20 For example in any period if we know a person’s age then we can calculate his cohort group or birth year and
in any period if we know a person’s birth year then we can compute his age.
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Figure 6.2 presents estimates of APC*! effects with the above broader cohort
groupings.

6.2 Age, period and cohort effects with broader cohort groupings (%)*
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21 Note that with this broader grouping of cohorts, the collinearity problem is no longer an issue. With the design
matrix being full rank now normal matrix inversion can be used to derive the model coefficients rather than the
need to use the intrinsic estimator method. However, implicit in the broadening of the cohort definition is that
we are applying the ‘coefficients constraints’ solution to solve the identification problem. Here we are making
several of the three-year cohorts the same by collapsing them together.
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For exposition, we have combined the average underlying log-odds participation
(captured by the u parameter) separately with the individual age (¢, ), period ( 8 )
and cohort (y,) effects and applied the log transformation to recover fitted labour
force participation rates.*

The results showed strong age effect on labour force participation for both males and
females. For females, it followed the expected trend, increasing between the ages of
18-23 years, then declining during the child-bearing years, then rising during early
forties before declining after the age of 55 years. For males, there was a large increase
in labour force participation from the age of 18 years to early thirties. The
participation rate stabilised between the mid-thirties to late forties, and after the age
of 55 years, it began to fall significantly like in the case of females. For all age groups,
males’ participation rate remained consistently higher than that of females.

There also appeared to be a strong period effect on labour force participation,
especially for females. Their participation showed a steady rise during the study
period. For males, it appeared to decline between 1989/90 to 2001 and it then
stabilised. In all periods, males’ participation rate still remained above that of females.

With respect to cohorts, not much difference in labour force participation across
successive generations of males could be seen even with this broader definition of
cohorts. For females, some decline in labour force participation for the younger
generation was observed compared to the earlier generations, but it was difficult to
say whether this was significant and what could possibly explain the decline. From
the above analysis, it appeared that age and period effects were the more dominant
drivers of labour force participation during the period under study, while cohort
effects were less important.

It may be noted that the APC analysis conducted above looked only at the effect of
these three variables on labour force participation. As labour force participation could
also be influenced by other factors, the inclusion of these factors in the model could
change the relative magnitude of the effects of the APC variables. In the next section,
we incorporate other factors, in addition to APC, within a broader modelling
framework in order to examine their relative influence on labour force participation.
This would also allow us to assess the statistical significance of the APC variables which
was not possible in the graphical analysis presented above. However, the analysis
undertaken above in terms of alternative specifications of cohorts, graphical results
and the identification of the relative importance of each of the APC variables on labour
force participation has helped to inform and guide the subsequent modelling work
undertaken in the next section.

exp(p + a)
22 For instance, with the age effect, the fitted participation rate would be given by ———————— x 100 .

1+ exp(u + a)
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7. RESULTS FROM MODEL-BASED ANALYSIS

This section presents results from estimation of logistic regression models for factors
associated with labour force participation for persons aged 18-64 years. In such an
analysis, our core interest was investigating whether health status has an association
with labour force participation after controlling for age, period, cohort, and other
relevant demographic and socioeconomic variables.

The dependent variable in the model was a binary variable which took a value of 1 if
the person was in the labour force and 0 if not in the labour force. The explanatory
variables were those identified earlier in Section 2 based on theoretical and empirical
works and for which relevant data were available in our dataset. The variables
included in the model were the health status, marital status, presence of dependent
children, non-school qualifications , country of birth, proficiency in spoken English,
Indigenous status and location; whether an individual was living in capital city or in a
regional area.

We also included age, period and cohort variables in our model to test whether they
had statistically significant effects on labour force participation that were peculiar to
the age of a person, the period or year in which the survey was conducted® and the
cohort group to which the person belonged to. The age of a person was entered in
the model as a quadratic variable (i.e. age plus age squared).** The period variable
was defined as dummy variables representing each of the five survey years. The
broadly defined four cohorts, as used in the previous section, were included in the
model as dummy variables. Entering the APC variables in the model in this way
removed the collinearity problem, and gave a better model fit. This study considered
the main effects of the above explanatory variables to avoid complications in the
interpretation of the results that might arise from the inclusion of too many
interaction terms.

Preliminary analysis suggested that males and females in the sample were significantly
different in terms of various demographic and socioeconomic factors including labour
force participation. On account of this, we estimated separate logistic regression
models for males and females to reflect correct relationships.

23 In addition to accounting for the labour market conditions or business cycle, the period variable could also be
seen to capture any significant differences in survey design over time, if they existed.

24 We tried several specifications for the age variable in the model (categorical, continuous) and found that age as
a quadratic variable gave a better model fit than the other alternatives.
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7.1 Logistic regression model estimates for association between self-assessed health status and

labour force participation

Males Females

Marginal Marginal
Parameter Estimate effect Estimate effect
Intercept —0.9339 **x* -0.7964 ***
Has good—excellent health 0.0000
Has pootr/fair health —1.4535 *** -0.099 —0.8594 *** -0.162
Has no children 0.0000
Has children 0.0534 0.002 —1.2747 *** -0.237
Age (years) 0.2272 *** -0.002 0.1451 *** -0.007
Age squared —0.0035 *** —0.00247 ***
Not married 0.0000
Married 0.7700 *** 0.033 —0.2757 *** -0.044
Non-Indigenous origin 0.0000
Indigenous origin —0.5360 *** -0.028 —0.6708 *** -0.128
Good proficiency in spoken English 0.0000
Poor proficiency in spoken English -0.8070 *** -0.047 -1.0041 *** -0.204
Overseas born 0.0000
Australian born 0.3413 *** 0.015 0.2925 *** 0.049
Lives outside capital city 0.0000
Lives in capital city 0.0376 0.002 0.1699 *** 0.028
Has no non-school qualification 0.0000
Has certificate/diploma education 0.5027 *** 0.020 0.6036 *** 0.090
Has degree and above education 0.7250 *** 0.024 1.0889 *** 0.139
Period 1989/90 0.0000
Period 1995 —0.3885 *** -0.018 -0.0639 * -0.010
Period 2001 —0.4093 *** -0.019 0.5336 *** 0.077
Period 2004/05 —0.3969 *** -0.018 0.5525 *** 0.079
Period 2007/08 —0.3067 *** -0.014 0.7886 *** 0.106
Cohort born 1925-48 0.0000
Cohort born 1949-57 0.0356 0.001 0.0660 0.010
Cohort born 1958-66 -0.1712 * -0.007 -0.0687 -0.011
Cohort born 1967-89 -0.2721 ** -0.012 —0.3041 ** -0.050
n 44,985 47,815
Likelihood Ratio (p Value) 6,922 (<0.0001) 8,456 (<0.0001)
Deviance Value/DF (p Value) 0.97 (0.98) 1.28 (<0.0001)
Max-rescaled R? 0.27 0.23
% Concordant 82.5 75.2

* #% and *** indicate the coefficient is statistically significant at 10%, 5% and 1%, respectively.
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The logistic regression models were estimated using cohort-based weights®> and the
estimation of the standard errors took into account the underlying survey design.?
The estimation results are given in table 7.1 covering the parameter estimates for the
explanatory variables, their statistical significance and marginal effects.

The model diagnostics are presented at the bottom of the table. Most test statistics —
likelihood ratio, max-rescaled R?* (above 0.2°”) and percent concordance® (above 75%)
—suggest that the model estimates provided a reasonably good fit to the data for both
males and females. The deviance test, which measures the degree of variability in the
outcome variable, showed some evidence of over-dispersion for females but not for
males. Efforts to correct the over-dispersion by applying the deviance or Pearson
methods of estimation of dispersion parameters resulted in little change to the
standard errors and statistical significance of the parameter estimates, and thus our

statistical inferences.? 3°

25 Cohort weights are derived for each sex by dividing the average population (over five years) for each cohort by
the total sample size (over five years) for that cohort and then rescaling these weights back to sum to total
sample size. Using cohort-based weights ensures that each cohort has the same unchanged weight irrespective
of which year or period that cohort is from.

26 The NHS is based on a stratified cluster survey. As such, information on stratification and clustering had to be
used to obtain correct estimates of the standard errors. PROC SURVEYLOGISTIC in SAS was used to estimate
the model parameters as this allows for incorporation of survey design (that is, strata and clusters) in the
estimation process. While PROC LOGISTIC gave identical estimates for the coefficients, it produced different
and incorrect estimates of the standard errors, as it assumes a simple random sampling survey design.
Standard errors determine whether a particular variable is significant or not under alternative methods of
estimation.

27 In social science research and where the objective is to study relationships among variables rather than do
predictions, values above 0.2, as a rule-of-thumb, are considered acceptable.

28 The percent concordance measures the proportion of correct outcomes predicted by the model compared to
the observed outcome.

29 This was because the dispersion parameters were close to 1. Scholars in the area suggest that over-dispersion
is possible if the deviance is at least twice the degrees of freedom (Lindsey, 1999).

30 We also considered the Hosmer-Lemeshow goodness-of-fit (HL-GOF) test, but this test statistic produced
results opposite to the other tests discussed in the text, indicating that the models were not fitting the data
well. Even when we examined alternative aspects of the models (e.g. treated age as a categorical variable,
added a reasonable number of interaction terms and used alternative link functions), the significance of the HL-
GOF test did not change. It may be noted that there have been criticisms of the HL-GOF test as the test results
have been found to be sensitive to the number of groups used to compute the test statistic (standard ten
groups versus other grouping) and large sample size, in which case even small discrepancies between a
model’s predicted and observed counts become significant (Allison, 2013; Feudtner et al., 2009; Hosmer et al.,
1997; Karmer and Zimmerman, 2007). Some researchers note that the significance of HL-GOF test of a model
does not necessarily mean that the model is not useful or suspect (Karmer and Zimmerman, 2007).
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With the exception of age, all other variables in the model are categorical. The model
coefficients and marginal effects®! of each of the variables are expressed relative to
their respective reference categories, which are indicated in the table by a zero
coefficient for each of the variables. For instance, the marginal effect of health status
is the difference between the probability of labour force participation of a person with
fair or poor health and the probability of a person with good or better health, holding
all other variables in the model at their mean values.

Scrutinising the individual explanatory variables, we observe that a large number of
them appeared to be statistically significant and assumed the expected signs for both
males and females. There were a lot of similar effects of the variables between males
and females, but there were also some significant differences between the sexes in the
signs and statistical significance of the coefficients of the variables and in the
magnitudes of the marginal effects of some variables.

The self-assessed health variable had a negative coefficient for both males and females.
This indicates that those individuals with poor or fair self-assessed health were less
likely to participate in the labour force compared to those with good or better health.
The negative association between self-assessed general health status and labour force
participation appeared to be stronger for females than for males as indicated by their
respective marginal effects. For an ‘average’ female with fair to poor health, her
probability of participation in the labour force was 0.162 lower than that of an
‘average’ female with good to excellent health. The corresponding marginal effect for
an ‘average’ male was 0.099.

The certificate /diploma and degree or above levels of non-school qualifications had
positive and statistically significant coefficients. These suggest that those people with
non-school qualification were more likely to be in the labour force in comparison to
people with no non-school qualification. The likelihood of participation increased
with the level of qualification for females as those with Bachelor degree or above
qualification had a higher likelihood of participation in the labour force than those
with certificate/diploma and no qualification. For an average female with Bachelor
degree or above qualification, her probability of participation in the labour force was
0.139 higher than that of an average female with no non-school qualification. The
corresponding figure for a female with certificate/diploma qualification was 0.09.
While education also had a statistically significant association with males’ participation
in the labour force, it was less strong than in the case of females’ suggesting that

31 In the logistic regression model the marginal effect measures the change in the probability of an event of
interest, e.g. labour force participation, resulting from a change in a certain explanatory variable, while keeping
all the other covariates constant. For continuous variables the marginal effect measures the change in the
probability of the event resulting from a small or one unit change in the particular variable from its mean value,
while for categorical variables it measures the change in the probability of the event as the variable changes
from 0 to 1, holding, in both cases, all other variables at their mean values. It may be noted that keeping the
values of all the other variables in the model at their mean values, while changing only the variable of interest,
implies that the marginal effect is being computed for an “average” person or individual.
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education appeared to have much more influence on females’ likelihood of
participation in the labour force than that of males.

Poor proficiency in spoken English had a significant negative effect for both males and
females suggesting that people with difficulty in spoken English were less likely to
participate in the labour force compared to those who were proficient in the
language. The effect was much stronger for females than males, with the probability
of participation in the labour force for an average female with poor proficiency in
spoken English being 0.204 lower than that of an average female with good
proficiency. The corresponding marginal effect for males was just 0.047.

Being of Indigenous origin significantly reduced the likelihood of participation in the
labour force for both males and females compared to those from non-indigenous
background, with the effect being much stronger for females than males. An average
Indigenous female had 0.128 lower and an average Indigenous male had 0.028 lower
probability of participation in the labour force compared to an average non-
indigenous male and female, respectively.

Marital status had a significant effect on both sexes’ labour force participation, but it
had an opposite effect for males and females. Married males were more likely to
participate in the labour force compared to unmarried males, while married females
were less likely to participate in the labour force compared to unmarried females. The
probability of participation in the labour force for an average married male was 0.033
higher and for an average female 0.044 lower than their average non-married
counterparts, respectively.

Age appeared to have a statistically significant influence on labour force participation
for both males and females. The coefficient for the age and age squared variable in
the model suggested that there was a curvilinear relationship between age and labour
force participation for both the sexes, with participation initially increasing with age
up to a certain age before beginning to decline. The marginal effect for age, which
here was computed as a change in labour force participation resulting from a year
increase in age from the mean age’?, showed that for an average male this reduced
participation in the labour force by 0.002 and for an average female by 0.007.

The presence of dependent children had a strong negative effect on labour force
participation for females, while it was not statistically significant for males, although it
assumed the expected positive sign. An average female with a dependent child had a
0.237 lower probability of participation in labour force compared to an average female
with no dependent children. The negative effect of this variable for females suggests
that child caring responsibility for women was an important consideration in their
decision to participate in the labour force.

32 The mean age for males and females in the sample was 37.6 and 37.7 years respectively.

26 ABS ¢ ASSOCIATION BETWEEN SELF-ASSESSED HEALTH STATUS AND LABOUR FORCE PARTICIPATION ¢ 1351.0.55.000



Country of birth had a significant positive influence on both males and females
participation in the labour, with those born in Australia more likely to be in the labour
force compared to those born overseas. The location variable had a positive and
statistically significant effect on females’ participation in the labour force, but it was
not significant for males, although it had the expected positive sign. This result
suggests that females who lived in capital cities were significantly more likely to be in
the labour force compared to those in regional areas.

The variable representing survey year, that is period, had negative coefficients for
males compared with the reference period of 1989/90. This suggests that time had a
negative effect on males’ likelihood of participation in the labour force. For females,
the period variable had a positive effect, with the exception of 1995, compared with
the reference period. This suggests that time had favourably influenced females’
likelihood of participation in the labour force, after controlling for other variables.
These results were consistent with the results from APC analysis discussed in the

previous section.

Cohort effects which appeared largely non-existent or inconclusive in the APC
decomposition analysis showed that there was some evidence of cohort effects on
labour force participation, after controlling for other available variables. The younger
cohorts for both the sexes showed lower likelihood of participation in the labour force
compared to their oldest counterparts. Increased educational opportunities and
expectations for the younger generation to get more education compared to the older
generations at the same stage of their life cycle could possibly explain the lower
likelihood of participation in the labour force of the younger cohort compared to the
older cohorts.

In order to further examine the association between individual long-term health
conditions and labour force participation, we re-estimated Equation (3) by replacing
the self-assessed general health status with the prevalence of five chronic diseases,
while we kept all the other predictors in the previous model unchanged. We also re-
estimated Equation (3) by replacing the general health status with another health
outcome variable defined as having at least one of the five major health conditions or
not. Full results of these two sets of models are presented in Appendixes H.1 and H.2,
respectively. The likelihood ratio tests’ ;(2 and p -values and other measures of
association of these estimated models suggest that there were evidences that at least
one of the independent variables contributed to the prediction of females’ and males’
participation in the labour force.

Partial model results for each of the five chronic diseases and their comorbidity
variable are given in table 7.2 as Model 2 and Model 3, respectively, along with
comparative estimates for the self-assessed general health status variable from the
previous model (Model 1).
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7.2 Partial logistic model results of labour force participation for alternative measures of health
outcomes

Males Females
Marginal Marginal
Estimate effect Estimate effect
Model 1
Has poor/fair health —1.4535 *** -0.099 —0.8594 *** -0.162
Model 2
Has arthritis —0.7239 *** -0.044 —0.3672 *** -0.065
Has asthma —0.2416 *** -0.012 —0.1418 *** -0.024
Has cancer —0.4679 *** -0.027 —0.2466 *** -0.043
Has diabetes —0.5956 *** -0.036 —0.6545 *** -0.126
Has heart disease —0.7748 *** -0.051 —0.3629 *** -0.065
Model 3
Has at least one of the five disease —0.6372 *** -0.035 —0.2944 *** -0.050
conditions

*#% indicates the coefficient is statistically significant at 1%.

The five individual diseases assumed statistically significant negative coefficients in
both the males’ and females’ model estimates suggesting that individuals with each of
these conditions were less likely to participate in the labour force. These empirical
results conform the findings of Cai and Cong (2009). Looking into their marginal
effects suggest that the presence of heart disease, arthritis, diabetes, cancer and
asthma, in that order, had statistically significant impact on males’ likelihood of
participation in the labour force. For females, diabetes was found to have a much
stronger influence on their likelihood of participation in the labour force, followed by
arthritis, heart disease, cancer and asthma, in that order. For each of the chronic
diseases, the marginal effects were higher for females than for males.

The third alternative measure of health outcome was a binary variable which took a
value of 1 if one or more of the five disease conditions were prevalent and 0
otherwise. Results from these model estimates were similar to results from earlier
model estimates. The probability of an average male with at least one of the major
long-term health conditions declined by 0.035 compared with an average male with
no condition. The probability of an average female with at least one of the chronic
diseases declined by 0.05 compared with an average female with no condition. The
empirical results from the above three model estimates suggest that there was a
strong negative association between poor health and participation in the labour force,
which was robust to health outcome measures used in this study.
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The above model results were discussed in terms of model coefficients and marginal
effects. The marginal effects were discussed in terms of the effect of each variable on
labour force participation for an average person. The probabilities and the marginal
effects can also be computed for a person with any set of characteristics. Here we
demonstrate the effect of a change in a person’s health status on his/her probability of
labour force participation for a 40 year old person with all other characteristics set to
the base case or the reference person in Model 1, that is., values for all other variables
are set to zero.” The predicted probability of participation in the labour force of such
a reference male with good to excellent health was 0.93, which declined to 0.76 for a
male with exactly the same characteristics, but with fair to poor health. For a
reference female with good to excellent health, her probability of participation in the
labour force was 0.74, which declined to 0.55 for the same female with fair to poor
health. The slightly larger decline in the probability for females (-0.19) relative to
males (-0.17) indicates that the marginal effect of health status was greater for females
than males.>® These results confirm earlier results in that self-assessed health status
had a significant effect on the likelihood of females and males participation in the
labour force.

33 As such the base or reference person for either male or female in this case refers to a person with the following
characteristics: has no children, non-married, non-indigenous, has good spoken English, overseas-born, has no
non-school qualification, observed in survey period 1989 and belonging to the cohort group born during 1925-48.

34 It may be noted that the marginal effects shown here are different from the marginal effects shown earlier
because the marginal effects here are computed for males and females with the characteristics as defined above
compared to the ‘average’ characteristics or mean values used in computing the marginal effects earlier.
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8. CONCLUSIONS

This study examined the relationship between self-assessed health status and labour
force participation using pooled unit-record data from ABS’s five consecutive NHSs. It
presented a descriptive analysis of labour force participation, health and selected
other demographic and socioeconomic factors. A decomposition of age, period and
cohort effects was carried to examine their separate effects on labour force
participation. A logistic regression model was used to investigate the association
between health status and participation in the labour force controlling for age, period,
cohorts and a number of other demographic and socioeconomic variables.

The study showed that although a large majority of the Australian population enjoys
good to excellent health status there were population sub-groups that were
characterised by fair or poor self-assessed health. There was also an upward trend in
some of the long-term health conditions, such as arthritis, asthma, diabetes and heart
disease, while cancer stayed somewhat stable over the period under study.

The logistic regression analysis suggested that health status was an important factor
associated with males’ and females’ participation in the labour force. People with fair
or poor self-assessed health status had significantly lower likelihood of participation in
the labour force compared to those with good or better health. The probability of
participation in the labour force of an ‘average’ male (female) with fair or poor health
was 0.099 (0.162) lower than that of an ‘average’ male (female) with good or better
health, holding the other variables constant at their mean values. The marginal effect
of health status on female’s participation in the labour force was just second to that of
the presence of dependent kid(s) that lowered an average female’s probability of
participation by 0.237 compared to the same female with no dependent kid(s).

Furthermore, major long-term health conditions were also found to have a negative
relationship with both males’ and females’ participation in the labour force. The
presence of heart disease (-0.0508), arthritis (=0.0442), diabetes (-0.0361), cancer
(-0.0268), and asthma (-0.0123), with figures in the brackets being marginal effects,
had statistically significant adverse influences on males’ probability of participation in
the labour force. For females, diabetes (-0.1261), arthritis (-0.0647), heart disease
(=0.0653), cancer (-0.0431) and asthma (-0.0239) had statistically significant influence
on their probability of participation in the labour force. The strong negative
association between poor health status and participation in the labour force was
found to be robust to the alternative health outcome indicators used in this study.
From the marginal effects, adverse health status appeared to have a greater negative
association with females’ participation in the labour force compared with that of
males.
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In relation to the other variables, age appeared to play an important role in labour
force participation with participation increasing initially with age for both the sexes
before beginning to decline. By age 55-64 around two-thirds of males were still in the
labour force compared to only a third of females.

Marital status, non-school qualifications, proficiency in spoken English, and
Indigenous status were other variables that were found to significantly influence the
likelihood of males’ and females’ participation in the labour force, while presence of
dependent children and location influenced that of females’ only. Presence of
dependent children, proficiency in spoken English, education and indigenous origin
had particularly strong influences on females’ participation in the labour force.

Period appeared to have largely positive effect on females’ and negative effect on
males’ participation in the labour force. After controlling for other variables, some
cohort effect was observed for both males and females, as younger cohorts exhibited
lower labour force participation compared to their older counterparts.

Given the significant negative association between health status and labour force
participation, after controlling for diverse factors, identification of factors that
influence self-assessed health status would be very useful in informed public debate
and decision-making. The rich pooled dataset that has been created as part of this
study can be used to address other key research questions relating to individual long-
term health conditions, health risk factors, sick leave, doctor visits, medications etc.
In future research efforts, the addition of data on selected variables from the
Australian Health Survey to the pooled NHS dataset would expand the period and
data coverage and add to the statistical strength of their analyses.

This study used individual level data as the basis of analysis with cohorts added as
explanatory variables in the models to control for unobservable heterogeneity.
Further work that uses cohorts as the basis of analysis could also be explored.
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APPENDIXES

A. CONSTRUCTION OF THE NHS POOLED DATASET

A pooled cross-sectional and time-series dataset (NHS Pooled Dataset) was created by
pooling data from five repeated National Health Surveys (NHS) (NHS1989/90,
NHS1995, NHS2001, NHS2004/05, NHS2007/08). It contains unit or person-level
records sorted by survey year with unit records for NHS89 appearing first and
NHSO0708 last. The pooled dataset covers the population 0 years and above. A subset
of this dataset was also created covering the population aged 18-64 years which was
used for this research project. Additional variables were created on this dataset for
descriptive analysis and modelling purposes. This section briefly describes the steps
and processes involved in creating the pooled dataset, including discussion on data
comparability issues and the key variables available on the dataset.

The main steps involved in creating the pooled dataset included the following: getting
access to the relevant files for each of the survey years; identifying the required
common variables from each survey; checking for comparability/consistency of these
variables across the five surveys; harmonising, recoding, recreating and renaming
variables across the five surveys; merging data from each of these five surveys using
survey year and household ID to create the pooled dataset; and creating new variables
on the pooled dataset as required.

While a large number of the required variables were obtained from the individual level
files for each survey, some variables had to be obtained from the household level files
e.g. household size, household income, SEIFA and for some surveys disease
conditions had to be obtained from separate disease conditions files, e.g. for
NHS2004/05 and NHS2007/08.

Assessing comparability and consistency across the surveys formed an important part
of the data compilation stage. With the five surveys being almost twenty years apart,
there was bound to be some conceptual, methodological and/or classification
differences between the surveys. However, given the repeated nature of these surveys
they were found to be comparable in many aspects, such as survey design, sample
selection, scope, coverage, response rate, survey method, etc. as shown in Appendix
B.*® In instances where there were differences, various assessments (ABS, 20006, Jose
et al., 2004) have suggested that the results are broadly comparable across surveys. In
compiling the common variables in the pooled dataset, we ensured that the variables
were as consistent as possible across the surveys. For example, there was some

35 There was some difference in the reference period across the surveys but with each survey conducted between
10-12 months the chances of any differences across surveys resulting from seasonal differences should be
minimal.
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difference in the definition of heart disease between the first two surveys and the last
three surveys which had a broader definition for heart disease compared to the earlier
surveys. To ensure comparability of this variable across the five surveys the disease
codes applicable to the earlier surveys were applied to the latter surveys to derive a
consistent and comparable variable. Similarly, in compiling several other variables, an
assessment was made across the surveys for differences in the definitions of these
variables, differences in codes used for them, their measurements, whether they were
continuous or categorical, if categorical, number of categories and cut-offs, differences
in time frames used for the variables before compiling the variable. Where there were
differences in categories, we collapsed them to a minimum number to make them
consistent and comparable across the surveys, e.g. self-assessed health status®®, labour
force status, highest non-school qualification, and income.

For some variables, there were differences in questionnaire wording or information
collected and some assumptions had to be made to derive a comparable variable. For
instance, in the 1989/90 and the 1995 surveys the question in relation to highest
school qualification was the year left school, while in the later surveys the question
specifically asked highest year of school completed. Based on discussion with the
client, it was decided that if a person had left school at age 17 or later then he/she was
deemed to have completed year 12 education.

Some variables were available on some surveys only. For example, the SEIFA variable
was available from 1995 onwards, while exercise, consumption of fruits and vegetables
were not available in the earlier surveys. Appendix C provides a list of key variables on
the pooled dataset, its availability and consistency across the surveys.

Some other issues that were encountered in compiling the common variables cross
the five surveys included the following:

. Difference in time frame like “in the last three or five years” in 2007/08
compared to “in the last two weeks” that was used in the other surveys.
Information on exercise number of days in one week in 2007/08 compared to
number of times in two weeks in 2004/05.

. Difference in question wording like, whether taken days away from “work”
versus “work/study” in last two weeks.

o Differences in the measurement of income, like weekly personal cash income in
2001, 2004/05 and 2007/08 surveys compared to gross annual personal cash
income in the 1989/90 and 1995 surveys.

36 For example for the self-reported health status variable it was available as a four-category variable (excellent,
good, fair, poor) in NHS 1989 but was available as a five-category variable from NHS 1995 onwards. It was not
possible to compile a four-category variable across all the five surveys as the good to excellent categories in the
first survey were not aligning with these categories in the last four surveys. Hence we created a two-category
variable (good to excellent, poor to fair) that was found to be comparable across all the surveys.
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An issue of importance for the pooled dataset is what sample weights to use for
deriving required statistics like counts/frequencies or proportions from the pooled
sample. We can use individual year sample weights if we want to derive counts and
proportions for single years but we need some pooled weights to derive counts and
proportions from the pooled data. For the pooled dataset, we need to compute some
modified sample weights that add to some meaningful population over the pooled
period.’” While there are several alternative methods for deriving the pooled weights,
there does not seem to be any consensus as to an ideal method to be used. For our
purposes, the method we have used involved adjusting each survey's original sample
weight to reflect its relative sample size and population in the pooled dataset. More
details on this method can be found in Kumar et al. (2009).

37 Note we cannot use the individual year weights to compute the total for the whole sample for variables of
interest as this will give a number that will be larger than the population at any given year as it will simply add
up the weights from the five surveys.
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B. COMPARISON OF THE FIVE NATIONAL HEALTH SURVEYS

Survey

information 1989/90 1995 2001 2004/05 2007/08

Sample size 54,241 53,828 26,863 25,906 20,788

Response rate 96% 97% 87%$ 89% 91%

Survey design Multistage area  |Multistage area | Multistage area  |Multistage area  Multistage area
sampling sampling sampling sampling samplings

Scope Covers population |Covers population |Covers population |Covers population |Covers population
O+ in private O+ in private O+ in private O+ in private O+ in private
dwellings. dwellings. dwellings. dwellings. dwellings.

Coverage Covers rural and |Covers rural and |Covers rural and |Covers rural and |Covers rural and
urban areas urban areas urban areas urban areas urban areas
across all states |across all states | across all states |across all states |across all states
and territories but |and territories but jand territories but |and territories but |and territories but
excludes very excludes very excludes very excludes very excludes very
remote areas. remote areas. remote areas. remote areas. remote areas.

Sampling unit Household Household Household Household Household

Sample selection

1 adult 18+ and
1 child (where
applicable)
selected for
interview

1 adult 18+ and
1 child (where
applicable)
selected for
interview

1 adult 18+ and
1 child (where
applicable)
selected for
interview

1 adult 18+ and
1 child (where
applicable)
selected for
interview

1 adult 18+ and
1 child (where
applicable)
selected for
interview

Interview method

Face-to-face
personal interview

Face-to-face
personal interview

Face-to-face
personal interview

Face-to-face
personal interview

Face-to-face
personal interview

Reference period

Mode of survey

Questionnaire

12 month period
October 1989 to
September 1990

Personal interview

Most questions

12 month period
January 1995 to
January 1996

Personal interview

Most questions

10 month period
February to
November 2001

Personal interview

Most questions

10 month period
August 2004 to
July 2005

Personal interview
(CAI)

Most questions

11 month period
August 2007 to
June 2008.

Personal interview
(CAI)

Most questions

wording based on based on based on based on based on
standard ABS standard ABS standard ABS standard ABS standard ABS
questionnaire questionnaire questionnaire questionnaire questionnaire
wording but some |wording but some 'wording but some |wording but some |wording but some
differences in differences in differences in differences in differences in
questions questions questions questions questions
possible. possible. possible. possible. possible.

Weighting Initial weights Initial weights Initial weights Initial weights Initial weights

method based on based on based on based on based on
probability of probability of probability of probability of probability of
selection selection selection selection selection

benchmarked to
age by sex by
area of residence
population totals
to derive final
sample weights.

benchmarked to
age by sex by
area of residence
population totals
to derive final
sample weights.

benchmarked to
age by sex by
area of residence
population totals
to derive final
sample weights.

benchmarked to
age by sex by
area of residence
population totals
to derive final
sample weights.

benchmarked to
age by sex by
area of residence
population totals
to derive final
sample weights.
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C. LIST OF MAIN VARIABLES AVAILABLE ON THE
POOLED NHS DATASET

The main pooled dataset covers the population 0 plus. A subset of this data covering

the population 18-64 was used for this research project. Additional variables were

created on this dataset for descriptive analysis and modelling. A list of key variables

available on the main 0+ dataset is presented below. The pooled dataset contains

181,626 unit records or observations with the following breakdown by survey year:
NHS1989/90 — 54,241, NHS1995 — 53,828, NHS2001 — 26,863, NHS2004/05 — 25,900,

NHS2007/08 — 20,788.

Variable 1989/90| 1995 2001 |2004/05|2007/08 |Status

Survey year S S N N v Specific

Person ID \ \ \ N Y Consistency established

Household 1D y v Y \/ v |Consistency established

Sample weight — Person level \ v N S v |Consistent except
naming

Replicate sample weight — X X Y N v 12001 has 30 replicate

Person level weights

Pooled Weight S \/ N v |Created

Age (single years, 0+) S S \/ N v |Consistent

Household size X X Y \ v Consistent

Number of adults X X Y \/ v |Consistency established

Number of children <15 age \ \ y \ v Consistency established

Gender (Sex) \ \/ \/ J v Consistent

Marital status (5 Categories) v v N v v |Consistency established

Marital status dummy \ v Y \/ v [Created

Indigenous status \ v Y \/ v |Consistency established

Main language spoken at home X \ y \ v Consistency established

English proficiency \ \ \ N v Consistency established

Country of birth y v Y \/ v |Consistency established

Educational qualification \ v Y \/ v |Consistency established

State \ \/ Y \ v Consistent

Capital city S v Y N v |Consistency established

Section of state X X \ S Y Consistency established

Remoteness X X Y \/ v |Consistency established

SEIFA CD (decile) X v Y d v |Consistency established

Employment status \ v Y N v |Consistency established

Labour force status \ v Y N v |Consistency established

Employment type S S \/ N v |Consistency established

Hours per week y v Y \/ v |Consistency established

Employment sector X v Y \/ v |Consistency established
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Occupation \ v Y \/ v |Consistency established

Weekly Income # \ v Y \/ v |Consistency established

Non-wage income \ \ y \ v Consistency established

Equivalised household income X \ X S Y Consistency established

Health status (5 categories) X v N v v |Consistency established

1. Excellent 2. Very good 3. Good

4. Fair 5. Poor

Health status (4 categories) \ X X X X Consistency established

1. Excellent 2. Good 3. Fair 4. Poor

Health status (2 categories) \ v Y N v |Consistency established

1. Excellent /Very Good/Good

2. Fair/Poor

Asthma (dummy 0/1) J V J V vV Derived

Diabetes (dummy 0/1) v \ N v N Derived

Arthritis (dummy 0/1) v v N v v |Derived

High blood Pressure (dummy 0/1) \ v Y S v |Derived

Heart disease (dummy 0/1) J V V J v Derived & made
consistent

Cancer (dummy 0/1) S S \/ v v |derived

Number of medications S S \/ N v |Consistency established

No. of chronic conditions X X Y \/ v |Consistency established

Health concession card (dummy 0/1) v Y \/ v |Consistency established

Number of visits to GP ? ? ? N v |Consistency to be
established

Number of visits to OHP ? ? ? N Y |Consistency to be
established

Physical activity level X v Y \/ v |Consistency established

Level of alcohol consumption X v Y \/ v |Consistency established

Consumption of fruits X X Y \/ v |Consistency established

Consumption of vegetables X X Y N v |Consistency established

Self-assessed body mass index \ \ \ N Y Consistency established

Self-assessed body Weight (kg) y v Y \/ v |Consistency established

Self-assessed Height (cm) \ v Y \/ v |Consistency established

Cohort group (3 year birth cohorts) \ v Y S v [Created

Cohort group (6 year birth cohorts) \ v N N \' |Created

Cohort group (10 year birth cohorts) S S \/ N v |Created

Cohort group (4 special birth S S Y \/ v |Created

cohorts) (Born 1925-48,
Born 1949-57, Born 1958-66,
Born 1967-89)

\ = the variable is available
X — the variable is missing

? — yet to be established

# —In 1989/90 and 1995, weekly income is derived by dividing annual income by 52 weeks
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D. LABOUR FORCE PARTICIPATION BY AGE, PERIOD AND COHORT

Labour Force Participation by Age, Period and Cohort, Persons aged 18-64 years

Period
1989/90 1995 2001 2004/05 2007/08
Age group (%)
18-20 years 81.5 (C16) 77.1 (C18) 79.7 (C20) 80.9 (C21) 82.5 (C22)
21-23 years 89.9 (C15) 85.2 (C17) 86.5 (C19) 86.2 (C20) 84.1 (C21)
24-26 years 85.7 (C14) 86.3 (C16) 87.2 (C18) 83.2 (C19) 84.8 (C20)
27-29 years 82.1 (C13) 83.8 (C15) 83.0 (C17) 86.7 (C18) 86.7 (C19)
30-32 years 82.8 (C12) 81.6 (C14) 81.0 (C16) 85.2 (C17) 84.8 (C18)
33-35 years 82.6 (C11) 81.9 (C13) 82.0 (C15) 81.1 (C16) 85.2 (C17)
36-38 years 84.3 (C10) 82.8 (C12) 82.6 (C14) 82.1 (C15) 83.0 (C16)
39-41 years 85.4 (C9) 85.1 (C11) 84.3 (C13) 84.7 (C14) 87.5 (C15)
42-44 years 84.8 (C8) 86.1 (C10) 83.9 (C12) 85.6 (C13) 82.7 (C14)
45-47 years 82.5 (C7) 83.5 (C9) 84.5 (C11) 84.4 (C12) 88.4 (C13)
48-50 years 78.5 (C6) 82.0 (C8) 80.0 (C10) 83.9 (C11) 86.5 (C12)
51-53 years 73.7 (CH) 76.0 (C7) 76.5 (C9) 81.0 (C10) 84.3 (C11)
54-56 years 63.3 (C4) 66.8 (C6) 66.6 (C8) 72.4 (C9) 75.5 (C10)
57-59 years 51.2 (C3) 54.2 (C5) 58.6 (C7) 63.1 (C8) 63.9 (C9)
60-62 years 37.3 (C2) 36.5 (C4) 40.4 (Co) 46.5 (C7) 53.9 (C8)
63-64 years 24.8 (C1) 27.7 (C3) 29.8 (CH) 34.2 (C6) 43.7 (C7)

*  Cohorts were defined in terms of three-year birth period. From the above 16x5 age-period groupings, we
can identify 22 three-year birth cohorts as shown in the table. The cohorts are labelled C1-C22, with C1
being the oldest cohort (born during 1925-26) and C22 being the youngest (born during 1987-89). The
shaded cells along the diagonals show how the three-year cohorts can be tracked over time. Since we do
not have the same widths for age and period for the five NHSs, we do not get straight line diagonals but
curves, as can be seen, for example, for C10 and C16. However, all the 22 cohorts satisfy the condition
Cohort = Period — Age (or Age + Cohort = Period), that is, the cohort birth year is derived by subtracting
the age from the period.
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E. SUMMARY STATISTICS OF SELECTED VARIABLES
IN THE POOLED DATASET

E.1 Summary statistics of selected variables in the pooled dataset (18-64 years)

N Mean Std Dev Min Max
FEMALES
Presence of children 56,318 0.24 0.42 0 1
Age (years) 56,318 37.49 12.33 18 64
Gender 56,318 0.00 0.00 0 0
Married 56,318 0.58 0.49 0 1
ATSI origin 56,318 0.02 0.12 0 1
Australian born 56,318 0.75 0.43 0 1
Non-school qualification 47,815 1.63 0.73 1 3
Poor proficiency in spoken English 56,318 0.02 0.15 0 1
Lives in city 56,318 0.69 0.46 0 1
State 56,318 3.38 2.07 1 8
Period 56,318 2.56 1.34 1 5
Cohort 56,318 2.72 1.14 1 4
Health fair/poor 56,318 0.14 0.34 0 1
Arthritis 56,318 0.14 0.34 0 1
Asthma 56,318 0.11 0.31 0 1
Cancer 56,318 0.01 0.12 0 1
Diabetes 56,318 0.02 0.13 0 1
Heart 56,318 0.02 0.13 0 1
Labour force status 56,318 0.70 0.45 0 1
MALES
Presence of children 53,173 0.14 0.36 0 1
Age (years) 53,173 37.42 12.81 18 64
Gender 53,173 1.00 0.00 1 1
Married 53,173 0.56 0.50 0 1
ATSI origin 53,173 0.01 0.11 0 1
Australian born 53,173 0.74 0.44 0 1
Non-school qualification 44,985 1.71 0.74 1 3
Poor proficiency in spoken English 53,173 0.02 0.16 0 1
Lives in city 53,173 0.69 0.47 0 1
State 53,173 3.38 2.11 1 8
Period 53,173 2.52 1.39 1 5
Cohort 53,173 2.72 1.19 1 4
Health fair/poor 53,173 0.14 0.36 0 1
Arthritis 53,173 0.10 0.30 0 1
Asthma 53,173 0.08 0.27 0 1
Cancer 53,173 0.01 0.11 0 1
Diabetes 53,173 0.02 0.14 0 1
Heart 53,173 0.02 0.14 0 1
Labour force status 53,173 0.88 0.32 0 1
ALL

Presence of children 109,491 0.19 0.39 0 1
Age (years) 109,491 37.45 12.57 18 64
Gender 109,491 0.50 0.50 0 1
Married 109,491 0.57 0.50 0 1
ATSI origin 109,491 0.01 0.12 0 1
Australian born 109,491 0.74 0.44 0 1
Non-school qualification 92,800 1.67 0.74 1 3
Poor proficiency in spoken English 109,491 0.02 0.15 0 1
Lives in city 109,491 0.69 0.46 0 1
State 109,491 3.38 2.09 1 8
Period 109,491 2.54 1.37 1 5
Cohort 109,491 2.72 1.16 1 4
Health fair/poor 109,491 0.14 0.35 0 1
Arthritis 109,491 0.12 0.32 0 1
Asthma 109,491 0.09 0.29 0 1
Cancer 109,491 0.01 0.11 0 1
Diabetes 109,491 0.02 0.13 0 1
Heart 109,491 0.02 0.13 0 1
Labour force status 109,491 0.79 0.41 0 1
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F. RELATIONSHIP BETWEEN LABOUR FORCE PARTICIPATION

AND SELECTED VARIABLES

One or more None
Children

% %
LR L
100 w1007

Married Other Non-Indigenous Indigenous
Marital status Indigenous status

% %
WL HILF
1001 wN 1007

Australia Overseas Cert./Diploma  Bachelor or higher
Country of birth Post-school qualification
% %
LR LR
100 7 = NILF 1007 B NILF

Proficient Not proficient Capital city Regions
English proficiency Location
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G. DISENTANGLING THE AGE, PERIOD AND COHORT EFFECTS

Age, period and cohort (APC) analysis is useful in studying outcomes or events
occurring over time. In fact any phenomenon that has a time dimension has age,
period and cohort effects (McKenzie, 2005). Age effects are the more common life
cycle effects where age has a strong influence on the outcome of interest, e.g. labour
force participation changes as people move through different stages of their life.
Period effects are the effect of social and economic conditions prevailing in a given
year or point in time. Cohort effects are the effects of the specific characteristics or
experience of the cohorts on the outcome of interest, e.g. prevalence of smoking
among different generations.

The APC accounting model is used when all of the three (age, period and cohort) are
potentially of interest in the phenomenon under consideration. Decomposing these
effects and separating them can help identify which of these effects, if any, are present
and which effects are more dominant than the others. The APC approach has been
widely used as a general methodology for estimating age, period, and cohort effects in
demographic and social research (Yang et al., 2008).

The APC decomposition model presented in Equation (2) Section 4 can be used to
estimate the coefficients of each of the APC categories. However, the inclusion of all
three APC variables in the model poses a problem in model estimation. The APC
variables are not independent of each other, but any one variable is a linear
combination of the other two. For instance, given A and P, we can determine the
birth cohort (C), since C=P—-A or P=C+A or A=P-C. This gives rise to the
problem of perfect collinearity or the ‘identification’ problem in which case it is not
possible to simultaneously estimate the true effects of APC, unless some additional
constraints are imposed on the parameters of some of these variables. Thus, it is not
always easy to disentangle the relative effects of each and the effect of one could be
confounded by the other two. Decomposing the APC effects has proved to be a
methodological challenge and several alternative methods have been proposed to
resolve this problem. These methods include:

e assuming only two of the three APC variables affect the outcome?®

. assuming that two age or two period or two cohort parameters are equal, which
is also known as the coefficient constraints approach

o using proxy variables for one of the APC variables.*

38 For example it could be assumed that the cohort or the period effect is zero, on average, so only the age
variable (because it is an important determinant of social behaviour) and one other variable is kept.

39 For example assuming cohort effect to be proportional to cohort size or using unemployment rate as a proxy
for period effect.
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All these methods, however, require strong theoretical assumptions and have
issues/problems which may or may not be justified in particular circumstances. The
main problems with these methods are that: there is generally an element of
arbitrariness/value judgement involved; there is heavy reliance placed upon external
information; and the parameter estimates are sensitive to the choice of the constraints
imposed (Yang et al., 2008). Thus, there does not seem to be any consensus as to the
most appropriate method to use to resolve this identification problem.

The APC model in Equation (2), Section 4, can be written in the conventional matrix
form using Y in place of M as:

Y = Xb D

where Y is a vector of labour participation rate and X is the design matrix (a vector
consisting of 1|0 dummy variables) and b denotes the vector of model parameters of
the age, period and cohort.

T
b = (,U,al,...,aa_l,ﬂl,...,ﬂp_l,yl,...,]/a+p_2) . (2)
If the design matrix X is of full rank then we can solve for b as follows:
. -1
b=(x"x) x'r. 3)

But because of perfect linear relationship between age, period and cohort effects the
design matrix is singular and not of full rank;, i.e., it is one less than full rank and
therefore we cannot find an inverse for (X Tx ) to derive the model coefficients for
the APC effects. This is the model identification problem of APC analysis. Therefore
due to perfect collinearity between APC it is not possible to separately estimate the
effects of cohort, age, and period without imposing at least one constraint on the
coefficients in addition to the parameterization in (3) (Yang et al., 2008).

Yang et al. (2008) provide an alternative strategy to the commonly used solution
above. This method appears to offer a more satisfactory solution to the APC
identification problem. This method is referred to as the Intrinsic Estimator (IE)
method. This approach is based on the use of the Moore—Penrose generalised inverse
to estimate the APC coefficients. The generalised inverse is a method of finding the
inverse of a matrix when it is singular or of not full rank, i.e., where the number of
rows is not equal to number of columns.

Under IE given a matrix X its generalised inverse X' can be found that produces a
unique solution for the b parameters as follows:

b = (X+Y). (4)
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The derivation of the IE is equivalent to conducting a principal components analysis
(i.e. reducing dimensionality of the set of variables). Compared to other methods
used, this method appears to remove the arbitrariness of the coefficient constraints
approach, i.e., it restores objectivity to the analysis in that it lets the data decide the
shape of the effects rather than imposing constraints based on judgements. This
method also has certain optimality properties compared to the other estimable
solutions. It may be worth emphasising that the intrinsic estimator does not solve the
identification problem, but it provides a more objective way of imposing the
constraints on the APC variables prior to estimating the coefficients.

It may be noted that separate APC effects can be estimated in cases where the
collinearity problem does not arise, for example when there are different widths for
age groups and period intervals. The cohorts formed could be based on wider
intervals than the age groups. Such groupings can avoid the perfect collinearity
problem and the APC effects in this case can be estimated since the matrix will be of
full rank and the inverse of the design matrix exists. In our case, this was achieved by
defining the cohorts more broadly that reduced the number of cohorts from 22 to 4.
For the four-category cohort, we used the normal inverse to derive the APC
coefficients unlike the 22-category cohort where there was collinearity and for which
the generalised inverse had to be used to derive the APC coefficients. The coefficients
derived under each cohort categorisation are valid.

The generalised inverse is used when normal inverse does not exist. The move from
22 to four cohorts does not mean that we can always find a convenient way to resolve
the identification problem by simply manipulating the age and/or cohort groupings.
Implicit in the move from 22 to 4 cohorts is that we are imposing constraints based on
some personal judgement, in this case having broader cohorts may enable cohorts
effects, if they exist, to be seen than narrower definition of cohorts. It may be noted
that in forming the cohorts, we used some value judgement to resolve the problem of
identification. The definition of cohorts should be based on some valid justification
rather than trying to find a way to avoid the identification problem which is inherent
in any event observed over time.
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H. LOGISTIC REGRESSION MODEL ESTIMATES

H.1 Logistic regression model estimates for association between major long-term health
conditions and labour force participation

Males Females

Marginal Marginal
Parameter Estimate effects Estimate effects
Intercept -0.5039 * —0.7785 ***
Has no arthritis 0.0000 0.0000
Has arthritis —0.7239 *** -0.0442 —0.3672 *** -0.0647
Has no asthma 0.0000 0.0000
Has asthma —0.2416 *** -0.0123 -0.1418 *** -0.0239
Has no cancer 0.0000 0.0000
Has cancer —0.4679 *** -0.0268 —0.2466 *** -0.0431
Has no diabetes 0.0000 0.0000
Has diabetes —0.5956 *** -0.0361 —0.6545 *** -0.1261
Has no heart disease 0.0000 0.0000
Has heart disease —0.7748 *** —-0.0508 —0.3629 *** -0.0653
Has no children 0.0000 0.0000
Has children 0.0583 0.0027 —1.2486 *** -0.2351
Age (years) 0.1916 *** -0.0021 0.1343 *** -0.0071
Age squared —0.0031 *** 0.997 —0.0023 ***
Not married 0.0000 0.0000
Married 0.8376 *** 0.044 -0.2369 -0.0383
Non-indigenous origin 0.0000 0.0000
Indigenous origin —0.6273 *** -0.0386 —0.7175 *** -0.1401
Good proficiency in spoken English 0.0000 0.0000
Poor proficiency in spoken English -0.9232 *** -0.0647 -1.0721 *** -0.2230
Overseas born 0.0000 0.0000
Australian born 0.3798 *** 0.0193 0.3273 *** 0.0560
Lives outside capital city 0.0000 0.0000
Lives in capital city 0.0367 0.0017 0.1710 *** 0.0284
Has no non-school qualification 0.0000 0.0000
Has certificate/diploma education 0.5816 *** 0.0258 0.6332 *** 0.0963
Has degree and above education 0.8777 *** 0.0320 1.1438 *** 0.1470
Period 1989/90 0.0000 0.0000
Period 1995 —0.1946 *** -0.0096 0.0103 0.0017
Period 2001 —0.2518 *** -0.0127 0.5732 *** 0.0834
Period 2004/05 -0.1721 ** -0.0084 0.6321 *** 0.0913
Period 2007/08 -0.0325 -0.0015 0.8745 *** 0.1180
Cohort born 1925-48 0.0000 0.0000
Cohort born 1949-57 0.0008 0.0000 0.0742 0.0120
Cohort born 1958-66 —0.2596 *** -0.0129 -0.0751 -0.0124
Cohort born 1967-89 —0.4656 *** -0.0231 —0.3279 *** —0.0550
n 44,985 47,815
Likelihood Ratio (p Value) 5,867 (<0.0001) 7,918 (<0.0001)
Deviance Value/DF (p Value) 0.90 (1.00) 1.18 (<0.0001)
Max-rescaled R? 0.24 0.22
% Concordant 80.2 74.3

** and *** indicate the coefficient is statistically significant at 5% and 1%, respectively.
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H.2 Logistic regression model estimates for association between presence of one or more major
long-term health conditions and labour force participation

Males Females

Marginal Marginal
Parameter Estimate effect Estimate effect
Intercept -0.4754 ** -0.7914 ***
Has no children 0.0000 0.0000
Has children 0.0734 0.0033 —1.2428 *** -0.2329
Age (years) 0.1928 *** —-0.0022 0.1364 *** -0.0074
Age squared —0.00315 *** -0.00237 ***
Not married 0.0000 0.0000
Married 0.8369 *** 0.0412 —0.2324 *** -0.0374
Non-ATSI origin 0.0000 0.0000
ATSI origin —-0.6515 *** -0.0404 —0.7454 *** —-0.1458
Good proficiency in spoken English 0.0000 0.0000
Poor proficiency in spoken English -0.9224 *** -0.0644 -1.0694 *** -0.2216
Overseas born 0.0000 0.0000
Australian born 0.3776 *** 0.0191 0.3260 *** 0.0555
Lives outside capital city 0.0000 0.0000
Lives in capital city 0.0440 0.0021 0.1711 *** 0.0283
Has no non-school qualification 0.0000 0.0000
Has certificate/diploma education 0.5776 *** 0.0255 0.6373 *** 0.0963
Has degree and above education 0.8965 *** 0.0324 1.1506 *** 0.1468
Has no diseases* 0.0000 0.0000
Has one or more diseases § —0.6372 *** -0.0354 —0.2944 *** 0.0499
Period 1989/90 0.0000 0.0000
Period 1995 —0.2046 *** -0.0101 0.0039 0.0006
Period 2001 —0.2679 *** -0.0135 0.5622 *** 0.0815
Period 2004/05 —0.1987 *** —-0.0098 0.6128 *** 0.0883
Period 2007/08 -0.0791 —-0.0038 0.8517 *** 0.1148
Cohort born 1925-48 0.0000 0.0000
Cohort born 1949-57 -0.0054 —-0.0002 0.0692 0.0111
Cohort born 1958-66 -0.2605 ** -0.0129 -0.0761 -0.0125
Cohort born 1967-89 0.4415 *** -0.0218 —0.3147 *** -0.0524
n 44,985 47,815
Likelihood Ratio (p Value) 5,704 (<0.0001) 7,791 (<0.0001)
Deviance Value/DF (p Value) 0.94 (1.00) 1.23 (<0.0001)
Max-rescaled R? 0.23 0.22
% Concordant 79.9 74

** and *** indicate the coefficient is statistically significant at 5% and 1%, respectively.

§ This refers to the five major diseases considered in table H.1.
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