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Abstract
This study estimates the effects of moral hazard and selection bias in private insurance by 
exploiting the unique characteristics of private health insurance in Australia using a 
longitudinal data of about 37,000 individuals. We estimate determinants of private health 
insurance status and health service consumption together as a system to control for individual 
unobserved effects. We also take into account the evolution of the health production process 
by controlling for the lagged dependent variables. We found that risk-averse individuals were 
more likely to purchase private health insurance, suggesting an advantageous selection. There 
is also evidence of ex-post moral hazard as privately insured individuals consumed more 
health services.  Controlling for the lagged health service consumption reduces the magnitude 
of moral hazard considerably. The presence of advantageous selection and moral hazard in 
private health insurance indicates that the Australian healthcare system can be more efficient 
by increasing coverage and monitoring consumption. 
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1. Introduction
Although Australia has universal health coverage with Medicare, about half of Australian 
adults are additionally covered by private health insurance due to several benefits: access to 
quicker and probably better quality care for elective health services; avoidance of a Medicare  
tax surcharge and an income-tested rebate of 30% for premium cover (Buchmueller, Fiebig, 
Jones, & Savage, 2013). Another significant incentive for Australians to join private 
insurance is the modification of community rating rules to prevent insurers from charging a 
premium based on observable characteristics such as age, gender, health status and claim 
history. Private health insurance also provides some additional health care services not 
provided by Medicare. For example, private health insurance does not cover outpatient 
physician services or primary healthcare services, which are covered by Medicare 
(Buchmueller et al., 2013). These characteristics of the Australian private health insurance 
can be exploited to obtain reliable estimates of the selection bias issue. This issue occurs 
when the probability of purchasing insurance is higher among risk-averse individuals 
(advantageous selection), or those are prone to health risk (adverse selection). Both 
advantageous and adverse selection makes the number of people with private health 
insurance lower than an optimal coverage level.

Assuming consumers are rational and well informed, the decision to buy private insurance is 
made based on the trade-off between the price of treatment, waiting time, premium and tax 
rebate. This research aims to identify the extent to which selection bias and moral hazard, 
which occur when insured individuals reduce preventive effort or consume more health 
services, using the Skin cancer database in Queensland (Qskin), Australia.

The Qskin data set contains rich information on sun exposure, and prevalence of skin cancer, 
health insurance status and demographical characteristics. The data set was also linked with 
data from the Medical Benefits Scheme and Pharmaceutical Benefits Scheme to provide 
detailed information on healthcare costs. We exploit creatively the richness of the Qskin data 
that contain some private information of individuals that are not available to the insurers to 
produce reliable estimates of selection bias and moral hazard. We separate selection bias 
from moral hazard by exploiting unique characteristics of the Australian private health 
insurance system. Using the panel data structure, we explore the dynamic, inter-relationship 
between insurance and consumption of health services. We also extend the literature by 
allowing for the correlation between unexplained variations in the decision to purchase 
private health insurance and in the consumption of health services. This correlation, which 
may be caused by unobserved individual characteristics, can lead to biased estimates. 

2. Methods
Private insurance status and services consumption involves a bi-directional causal 
relationship with the possible presence of selection bias and moral hazard (Schmitz, 2002). 
Selection bias, due to the presence of hidden information between insured individuals and 
insurers, determines the decision to purchase insurance. Moral hazard, which due to the 
presence of hidden actions from the insured individuals to insurers includes two parts: ex-
ante moral hazard (insured individuals produced less preventive efforts to avoid diseases) and 
ex-post moral hazard (insured individuals consume more health services than necessary). 
Also, selection bias can be either adverse selection (risky individuals are more likely to buy 
private health insurance) or advantageous selection (risk-averse individuals are more likely to 
buy private insurance). Both moral hazard and selection bias are affected by unobserved 
individual characteristics such as risk attitudes. 



The correlation between health service consumption and private health insurance status, 
which represents the combined effects of moral hazard and selection bias, is not used to 
detect both effects. However, it is possible to roughly detect the presence of moral hazard 
selection bias from the sign of the correlation between insurance status and service 
consumption. Moral hazard and adverse selection will cause a positive correlation, while 
advantageous selection causes a negative correlation. Thus, a positive correlation coefficient, 
which is the sum of selection bias and moral hazard, suggest that adverse selection exists (see 
Table 1). The detection of moral hazard is more challenging; a positive correlation does not 
guarantee the presence of a moral hazard. For example, a positive correlation between 
insurance status and health services consumption could be purely due to the presence of 
adverse selection and no moral hazard (top right cell in Table 1).

Table 1. Potential effects of selection bias and moral hazard on the correlation between 
insurance status and service consumption

Moral Hazard (+) No moral hazard (0)

Adverse selection (+) Positive Positive

No selection bias (0) Positive Nil

Advantageous selection (-) Ambiguous Negative

Separating effects of selection bias and moral hazard is challenging due to the bi-directional 
causation between insurance and service consumption. Randomised control trials are a 
powerful way to separate the two effects, but they are resource-intensive and may lack 
external validity as most trials occur at small scales. We exploit the unique characteristics of 
the private health insurance system in Australia that insurers are prohibited from charging 
premiums based on observable characteristics of insurees. Also, outpatient services by 
physicians are covered by Medicare, not by private health insurance. In this setting, a test for 
selection bias is simply a regression of services by general practitioners with the private 
insurance status and no other covariates (Buchmueller et al., 2013). Positive, negative and 
non-significant parameters will be utilized as indicators advantageous selection, adverse 
selection and no selection bias, respectively. This approach, which is similar to instrumental 
variables or natural experiments, has been popularly applied in the health economics 
literature (see, for example, Abbring et al., 2003; McGuire, 2012) to separate moral hazard 
and adverse selection.  

To separate adverse selection and moral hazard, we estimate the health consumption and the 
purchase of private insurance as a system of equations. We argue that the same set of 
unobserved individual characteristics such as risk attitudes and honesty can affect both the 
decision to buy private health insurance and the level of health services consumed. These 
unobserved characteristics include in the residuals of both insurance and health consumption 
regressions. Thus, estimating the insurance purchase decision and consumption of health 
services together will estimate the correlation between these two residuals. The statistical 
significance of this correlation coefficient indicates that the private insurance status is 
endogenous and ignore this issue will lead to a biased estimate of moral hazard and selection 
bias. 

Despite our best efforts above, the effects of unobserved heterogeneity may remain. One way 
to test for the sensitivity of results under the presence of unobserved heterogeneity is the “E-
value” parameters, introduced by Vander, Weele and Ding (2017). The E-value represent the 



ratio between unobserved covariates and controlled covariates that can explain away effects 
of the potentially endogenous parameters, which is private insurance status in this study. A 
large E-value indicate that estimated parameters are robust to unobserved heterogeneity. 

3. Data
The data in this study was collected from the Qskin Sun and Health Study, comprising 43,794 
people aged 40-69 years selected randomly from Queensland, Australia in 2011. The Qskin 
study was funded by the National Health and Medical Research Council of Australia and was 
implemented by the Queensland Institute of Medical Research in Brisbane, Australia. The 
QSKIN study was approved by the Human Research Ethics Committee (HREC) of the 
Queensland Institute of Medical Research - QIMR and Medicare. The subset of Qskin data 
used for this study was approved by the HRECs of QIMR and Queensland University of 
Technology (QUT). In addition, only de-identified data were used for analyses in this study. 
Also, patients gave written consent for their data to be used in future studies of health.

The original data are arranged into an unbalanced monthly panel data (from Jan 2010 to June 
2014) using participant ID and date of service (from MBS linkage data). This date is more 
preferable than the supply date (from PBS linkage data) as there is often a time lag between 
the dates of receiving health services from doctors/hospitals (recorded at MBS) and 
purchasing drugs (recorded at PBS). However, a cross-tabulation check shows little variation 
between the two dates. The panel data consist of 28,601 individuals. We exclude data in 2010 
because it contains very few observations. 

Monetary value variables such as health expenditure, collected from the MBS, are adjusted 
for inflation using the consumer price index for Australia using 2014 prices as the base. MBS 
consultation codes for skin treatments (Rowell, Gordon, Olsen, & Whiteman, 2015; 
Thompson, Olsen, Subramaniam, Neale, & Whiteman, 2016) are used to select treatments 
related to skin cancer. Also, we use the MBS codes 3 to 51, 193, 195, 197, 199, 597, 599, 
2497-2559 and 5000-5067 to identify whether the services were delivered by a general 
practitioner, which will be covered solely by Medicare (MBS, 2018).  

The descriptive statistics in Table 1 show systematic differences in individual characteristics 
and consumption of health services by private insurance status. Those with private insurance 
incur higher health expenditure despite they also pay more out of pocket for the services. 
Those with private insurance are substantially more likely to consume health services at 
hospitals (8% vs 1%). These positive associations between health care consumption and 
private health insurance status suggest that moral hazard or adverse selection may presence. 

The key variable that allows us to separate selection bias from a moral hazard is the 
frequency of GP visits. Because this service is covered by Medicare, and hence private 
insurance status will not have any incentive to consume more than necessary. The descriptive 
statistics show that people with private health insurance have slightly fewer GP visits (4.45 
times) compared with those without private health insurance (4.66). This evidence suggests 
that advantageous selection occurs in private health insurance in Australia. 



Table 1: Descriptive statistics

Key variables
No Private 

health insurance
With private 

health insurance Difference
Means SD Means SD (p-val)

Healthcare expenditure ($, 2004 price) 817 3631 1109 8019 0.00
Patient’s out of pocket ($, 2004 price) 71 229 190 931 0.00
Number of GP visits 4.66 13.48 4.45 9.19 0.00
Hospitalized (1=Yes) 0.01 0.11 0.08 0.27 0.00
Gender (1=Male) 0.42 0.49 0.40 0.49 0.00
Ethnicity=White 0.91 0.29 0.96 0.21 0.00
Ethnicity=Black 0.004 0.06 0.002 0.04 0.00
Ethnicity=Asian 0.02 0.16 0.01 0.11 0.00
Ethnicity=ATSI 0.005 0.07 0.001 0.04 0.00
Ethnicity=Others 0.01 0.07 0.002 0.04 0.00
Ethnicity (Mixed) 0.05 0.22 0.03 0.16 0.00
Age (years) 57.7 8.20 58.2 7.88 0.00
English ancestry (1=Y) 0.84 0.37 0.89 0.32 0.00
Education (less than Year 12) 0.40 0.49 0.25 0.43 0.00
Education (Apprentice) 0.32 0.47 0.27 0.45 0.00
Education (Certificate) 0.18 0.38 0.20 0.40 0.00
Education (University) 0.11 0.31 0.28 0.45 0.00
Employment (full time) 0.30 0.46 0.40 0.49 0.00
Employment (part time) 0.17 0.38 0.18 0.39 0.00
Employment (home duties) 0.11 0.31 0.08 0.26 0.00
Employment (Unemployed) 0.04 0.18 0.01 0.10 0.00
Employment (Student/retired) 0.33 0.47 0.31 0.46 0.00
Employment (Others) 0.06 0.24 0.02 0.15 0.00
Health (Excellent) 0.10 0.30 0.14 0.35 0.00
Health (Very good) 0.31 0.46 0.39 0.49 0.00
Health (Good) 0.35 0.48 0.34 0.47 0.00
Health (Fair) 0.18 0.38 0.10 0.31 0.00
Health (Poor) 0.05 0.22 0.02 0.14 0.00
Obese (1=BMI>30) 0.35 0.48 0.29 0.45 0.00
Current smoker (1=Yes) 0.17 0.37 0.06 0.23 0.00
Ex-smoker (1=Yes) 0.41 0.49 0.36 0.48 0.00
Apply sunscreen (1=Yes) 0.37 0.48 0.46 0.50 0.00
Number of skin checked by doctors in 
the last three years (1=Yes) 4.79 1.52 4.51 1.59 0.00

Number of sunspot burned 2.19 0.99 2.41 0.93 0.00

The evidence of advantageous selection is further supported by significant differences in 
socioeconomic status, health status and risk factors. Private insurance choice is more popular 
among those who completed a university degree (28% vs 11%), have a full-time job (40% vs 
30%) and have excellent (14% vs 10%) or very good health status (39% vs 31%). People who 
purchase private insurance also have a lower probability of being obese (29% vs 35%), lower 
probability of being a smoker, either currently (6% vs 17%) or in the past (36% vs 41%), and 



consume at least 28 standard drinks of alcohol per week (3% vs 5%). Regarding the risk of 
skin cancer, people with private health insurance are more likely to apply sunscreen (46% vs 
37%), have higher frequency to have their skin checked by health professionals in the past 
three years (2.41 vs 2.19 times), and as a result they have slightly fewer number of sunspots 
burned or removed (4.51 vs 4.79).

Overall, the descriptive statistics show that risk-averse individuals are more likely to 
purchase private health insurance (advantageous selection), and hence moral hazard, if any, 
are more likely to occur ex-post.

4. Results and discussions
To confirm the observations in descriptive statistics, we regress the number of GP visits 
against private health insurance status. As expected, we found that having private health 
insurance lower the number of GP consultations by 0.21 times (we did not present the full 
result of this simple regression for brevity but can be made available from the authors upon 
request). The result is robust for both men and women, but the magnitudes of the difference 
are lower for women (0.18) than that of men (0.23). This finding is consistent with 
Buchmueller et al. (2013) who also found significant evidence of advantageous selection in 
the Australian private health insurance using data from the National Health Survey 2004-
2005. Evidence of advantageous selection was also found in several recent studies such as 
Keane and Stavrunova (2016), Hudson, Botzen, Czajkowski, and Kreibich (2017), and 
Huang, Huang, and Snow (2017). 

The results from the simultaneous equation model where health service consumption and 
private health insurance status is estimated simultaneously are shown in Table 2. We select 
health expenditure to occur at hospitals as a proxy for health services consumption because 
private health insurance does not cover GP services, thus moral hazard, if any, will only be 
captured by hospital services. The significance of the correlation coefficient () between 
error terms of insurance and health services consumption suggest that unobserved individual 
characteristics affect both equations, and ignore this issue can lead to biased estimates. Also, 
the sign of the correlation coefficient suggests that the same set of unobserved individual 
characteristics (e.g., risk-averse) that lead to advantageous selection drives moral hazard.

The E-value suggest that the parameter of private insurance can only be explained away if the 
effects of unobserved covariates are larger than controlled covariates by four folds (static 
specification) to five folds (dynamic specification). This finding suggests that the parameter 
of private health insurance is relatively robust because it is unlikely that unobserved 
individual characteristics can create effects that 4-5 times larger than our extensive controlled 
covariates.

The results of the static specification show that private health insurance is associated with 
roughly 96% increase in total health expenditure. However, when the lag in health 
expenditure is taken into account in the dynamic specification, the difference increased to 
116%. We prefer the dynamic specification because it takes into account the evolution of the 
health production process (e.g., health expenditure in the previous period strongly determine 
that in the current period). Since the magnitude of advantageous selection is -4.5% (estimated 
as the difference of -0.21 divided by the average GP visits of the uninsured individuals at 
4.66), the estimated moral hazard on health expenditure is 120.5% in the dynamic 
specification. One advantage of the dynamic specification is that we can estimate the long-
run effects of moral hazard. The significant effect of lagged expenditure at 0.25 suggests that 



the second-period moral hazard is 120.50.25; the third-period moral hazard is 120.5%0.252 
and so on. Using the Taylor series approximation, the long-run of moral hazard effects of 
private health insurance on total health expenditure is 120.5%/(1-0.25)= 160.7%. 

Other important determinants of health expenditure include gender, age, health, education 
and health-risk factors (smoking and drinking). In particular, increasing age by one year is 
associated with an increase in health expenditure by 0.3%. Men incur higher healthcare costs 
than women by 6%, those with poor health incur higher health care costs than those in 
excellent health by 33%, and current smokers have health expenditure higher than non-
smokers by 14%. Also, compared with those in full-time employment, people in other 
employment arrangements have higher hospital healthcare costs.

Table 2. Private insurance and health expenditure at hospitals (ex-post moral hazard)

Static specification Dynamic specificationCovariates Coef. SE Coef. SE
Private health insurance ***0.96 0.02 ***1.16 0.03
Lagged health expenditure ***0.25 0.00
Age (years) ***0.01 0.0005 ***0.003 0.00
Gender (male=1) ***0.05 0.01 ***0.06 0.01
English ancestry 0.003 0.01 -0.01 0.01
Ethnic=Black 0.10 0.06 0.05 0.09
Ethnic=Asian ***-0.09 0.03 *-0.07 0.04
Ethnic=ATSI -0.02 0.06 -0.03 0.09
Ethnic=Other 0.06 0.05 0.10 0.08
Education=High school ***-0.02 0.01 ***-0.04 0.01
Education=Certificate ***-0.05 0.01 ***-0.08 0.01
Education=University ***-0.03 0.01 ***-0.07 0.02
Employment=Part time **0.02 0.01 *0.03 0.01
Employment=Home duties ***0.07 0.01 ***0.08 0.02
Employment=Unemployed ***0.07 0.02 ***0.10 0.03
Employment=Student/retired ***0.05 0.01 ***0.06 0.01
Employment=Others ***0.12 0.02 ***0.14 0.03
Health=Very Good -0.01 0.01 **-0.04 0.01
Health=Good ***0.07 0.01 *0.03 0.01
Health=Fair ***0.20 0.01 ***0.13 0.02
Health=Poor ***0.44 0.02 ***0.33 0.03
Current smoker ***0.08 0.01 ***0.14 0.02
Ex-smoker ***0.04 0.01 ***0.05 0.01
Constant ***-0.66 0.03 ***-0.56 0.05
 ***-0.13 0.01 ***-0.16 0.01
E-value 4.22 5.19
N 418,022 242,273

Note: significant levels are .01 - ***; .05 - **; .1 - *. Results of the insurance equation are skipped for brevity.



We explore the evidence for ex-ante moral hazard by estimating the relationship between 
private health insurance and sun-smart activities, proxied by two dummies variables: 1) 
always wear sunscreen or hat when going outside, and 2) never apply sunscreen. The result is 
similar to what revealed from the descriptive statistics. There is no clear evidence of ex-ante 
moral hazard. People with private health insurance are not less likely to always apply 
sunscreen or wear a hat outside. Rather, people with private health insurance are less likely to 
not use sunscreen by 20% (see Table 3). The non-significant correlation coefficient suggests 
that there is no relationship between unexplained variables, which include unobserved 
individual characterises, affecting private health insurance and preventive effort to skin 
cancer (i.e., being sun-smart).  

Table 3. Private insurance and sun-smart activities (ex-ante moral hazard)

Always apply sunscreen or 
wear a hat outside

Not apply 
sunscreenCovariates

Coef. SE Coef. SE
Private health insurance -0.03 0.06 ***-0.20 0.05
Age (years) ***-.004 0.001 ***0.002 0.00
Gender (male=1) ***-0.30 0.01 ***1.06 0.00
English ancestry ***0.11 0.01 ***-0.12 0.01
Ethnic=Black 0.01 0.06 ***-0.29 0.04
Ethnic=Asian ***0.37 0.02 ***-0.39 0.02
Ethnic=ATSI ***-0.49 0.09 ***0.16 0.05
Ethnic=Other ***-0.72 0.09 **-0.08 0.04
Education=High school ***0.05 0.01 0.0001 0.01
Education=Certificate 0.01 0.01 ***0.07 0.01
Education=University ***0.06 0.02 ***0.10 0.01
Employment=Part time 0.01 0.01 0.01 0.01
Employment=Home duties -0.004 0.01 ***0.12 0.01
Employment=Unemployed 0.04 0.03 **-0.05 0.02
Employment=Student/retired -0.002 0.01 ***0.05 0.01
Employment=Others ***0.10 0.02 ***0.17 0.02
Health=Very Good ***-0.21 0.01 ***0.05 0.01
Health=Good ***-0.30 0.01 ***0.16 0.01
Health=Fair ***-0.40 0.01 ***0.27 0.01
Health=Poor ***-0.39 0.02 ***0.39 0.02
Current smoker ***-0.18 0.02 ***0.17 0.01
Ex-smoker ***-0.06 0.01 ***0.05 0.01
Constant ***-0.81 0.04 ***-0.29 0.03
 *0.07 0.04 0.02 0.03
E-value 1.19 1.69
N 418,022 418,022

Note: significant levels are .01 - ***; .05 - **; .1 - *. Results of the insurance equation are skipped for brevity.

The E-value parameter suggests that the effects of private insurance on the probability of 
always apply sunscreen or wear a heat is not robust. Significant effects of private health 



insurance, if any, on this activity can be nullified if the effects of unobserved individual 
characteristics are larger than those of controlled covariates by only 20%. Regarding the 
probability of not applying sunscreen, the effects of private health insurance can be explained 
away if unobserved individual characteristics have 69% more influence than observed 
covariates. 

Other significant determinants of sun-smart include gender, ethnicity, health status and health 
risk. In particular, men are less sun-protective than women: they have a lower probability of 
always wear a hat or sunscreen outside by 30% and more likely to not apply sunscreen by 
106%. People of English ancestry have a higher probability of always wear sunscreen or hat 
than the non-English ancestry group by 11%. People from the Asian background protect 
themselves from the sun even more with a 37% increase in the probability of always wear 
sunscreen or hats outside, compared with the White ethnic group. In contrast, people from 
Aboriginal and Torres Strait Islander (ATSI) background are  49% less likely to wear 
sunscreen or hat outside. Also, compared with those who have excellent health or non-
smokers, people with poorer health status or smoke (either in the current period or the past) 
are less likely to protect themselves against the sun.

5. Conclusions
This paper has examined the evidence for selection problem and adverse selection using 
Qskin data in Queensland, Australia. Exploiting the unique characteristics of the Australian 
private health insurance system, we found evidence of advantageous selection. Risk-averse 
individuals are more likely to purchase private health insurance and spend more effort to 
protect themselves from health problems. We also found significant evidence of ex-post 
moral hazard in the Australian private health insurance market. Those who were covered by 
private health insurance do consume significantly more health services.

Based on the findings of this study, two possible policy applications can be developed. First, 
the presence of advantageous selection indicates that the rate of private health insurance 
coverage is lower than optimal. Thus, incentives to increase private health insurance coverage 
among the riskier segment of the population can be considered. Second, policy to improve the 
cost-effectiveness of healthcare services such as a regular update of the national efficient 
prices and reduce futile health care could be considered to mitigate the moral hazard issue.

The main limitation of this study is that the data only include participants of the QSkin 
project. Thus, findings may not apply to the general population. Future replication of study to 
more representative data sets will provide more comprehensive evidence on the existence and 
magnitude of selection bias and moral hazard in the Australian private health insurance 
sector. 
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