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Abstract

Background: Information on risk selection is important for the regulation and development of supplemental
private health insurance (PHI). The research on risk selection into supplemental PHI has been documented in
several developed countries where the regulation of the PHI markets was relatively mature. However, evidence on
this important aspect of the supplemental PHI market in China is still absent in the literature. The private insurers in
China were not prohibited from discrimination against pre-existing conditions and did not guarantee ongoing
enrolment. Therefore, the direction and degree of risk selection could not be inferred using the evidence from the
other countries. To provide evidence on risk selection into supplemental PHI in China, we conducted a cross-
sectional analysis using data from the 2015 wave of China Health and Retirement Longitudinal Study (CHARLS).

Results: Using probit models, we found that individuals having better self-reported general health were more likely
to enrol in PHI in China, suggesting advantageous selection. This result was confirmed by an alternative analysis
using an instrumental variable. We also adjusted the realized occurrence of hospitalization by excluding potential
moral hazard effect and showed that the adjusted hospitalization risk was negatively associated with PHI
enrolment, which also indicated advantageous selection.

Conclusions: The findings suggested potential over-insurance of healthier individuals or under-insurance of less
healthy individuals. The regulation of the PHI market in China should aim to address the inefficiency. The current
study could also contribute to the information base for policymakers in countries where the PHI markets similarly
lack strong regulation.
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Introduction
China experienced fast economic growth since late 1970s.
However, the increase of health insurance coverage was not
observed alongside with the growth of economy in China
[1, 2]. In fact, the population health insurance coverage rate
dropped from 73% to 50% during 1993 to 2003 [1]. To
reverse this, the Chinese government deployed programs
towards universal coverage since 2003 that collectively led
to a basic health insurance coverage rate of 95% by 2011
[2–4]. Despite this achievement, the high out-of-pocket
(OOP) rate associated with public programs that ranges
from 40% to 70% remains a financial challenge to the cov-
ered population [3, 5–7]. The reimbursement rate of public

insurance is not expected to increase substantially in the
near future because the public medical insurance fund in
China is already on the verge of a deficit [4, 8]. To avoid
the coverage gap, some people purchase private health in-
surance (PHI) in addition to their public health insurance
[2, 7]. Indeed, the Chinese government is engaging private
health insurers to provide supplemental coverage of expen-
sive healthcare services [3, 4]. This is reflected by the fact
that the current PHI plans dominantly target at critical ill-
nesses that incur high inpatient costs [2, 6, 9].
A mere 3% of the Chinese population is covered by

PHI [7]. Although the total PHI premium in China is
surging at 30% annually [5, 8], the PHI products still lack
important features of supplemental health insurance. For
example, PHIs in China usually do not reimburse based
on actual expenditure. Instead, they pay a lump sum for
a narrow set of conditions and have no commitment to
ongoing enrolment [5, 9]. Such policies account for over
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70% of the market [5]. In addition, regulation of price
discrimination against individuals with unfavourable
health conditions in the PHI market is still absent. At
the initial enrolment, insurers may require a physical
examination report from enrolees. However, the more
popular approach is to ask enrolees to disclose any pre-
existing conditions [10]. An observation period after enrol-
ment, mostly 90 days, is used to verify if enrolees have crit-
ical illnesses at the time of enrolment. The list of critical
illness varies across insurers and plans. Pre-existing condi-
tions will become exceptions in the individuals’ plans. Fur-
thermore, renewal of insurance is extremely unlikely if the
benefit of a high-cost hospitalization due to a critical illness
had been claimed [5]. Hence, the PHI market in China is
still premature and should be improved in numerous attri-
butes [4, 5]. To that end, it is important to understand
whether the voluntary enrolment into supplemental PHI is
driven by adverse or advantageous selection [5, 9]. How-
ever, there is currently a dearth of evidence on risk selec-
tion into supplemental PHI in China. Such evidence can
help regulators and policymakers to establish an efficient
insurance market. Recent government efforts to promote
PHI as supplements to basic public health insurance in-
cluding offering tax breaks for purchasing PHI reiterates
the evidence need on risk selection [11]. As such, the
current study aims to examine whether PHI in China is as-
sociated with adverse selection or advantageous selection.
The classic Rothschild-Stiglitz (R-S) [12] model of in-

surance markets predicts adverse selection at the com-
petitive equilibrium when a consumer’s risk type is
private information. Indeed, the literature of adverse se-
lection in the basic health insurance markets is relatively
saturated [13–15]. However, studies on risk selection in
the supplemental PHI markets are relatively sparse. In
addition, current evidence in this field arguably supports
advantageous selection or lack of risk selection more
than adverse selection.
Wolfe and Goddeeris [16] found that those with better

self-reported health were more likely to purchase Medi-
gap, a type of policy sold by private insurers to supple-
ment basic Medicare plans in the US. Similarly, Fang
et al. [17] showed that Medicare beneficiaries who were
covered by Medigap tended to be healthier than those
without Medigap. On top of that, they further identified
income, education, financial planning horizon, and cog-
nitive function including financial literacy as sources of
advantageous selection. Extending the work by Fang
et al., Keane and Stavrunova [18] found advantageous
selection into Medigap when not controlling any vari-
ables but found adverse selection which was consistent
with the R-S model once race and marital status were
controlled in addition to the variables that were con-
trolled in the analysis by Fang et al. Advantageous selec-
tion has also been documented outside of the US.

Buchmueller et al. [19] evidenced advantageous selection
in the Australian supplemental PHI market when testing
the correlation between self-reported health and PHI en-
rolment as well as the correlation between realized hos-
pital expenditure and PHI enrolment.
Cutler et al. [20] attributed the advantageous selection

into Medigap to the hypothesis that insurance demand
in a market was driven more by risk tolerance hetero-
geneity than by health risk heterogeneity. To test this, he
showed that proxies for risk aversion were positively cor-
related with owning Medigap policies but negatively cor-
related with ex post health risk. The theory by Culter
et al. was echoed by evidence in the German supplemen-
tal PHI market [21], where it has been shown risk averse
attitude was positively associated with purchasing PHI.
However, lack of risk selection into supplemental PHI

has also been found. Such findings were recently docu-
mented for several European countries and Israel [22, 23].
In both studies, self-reported health was not significantly
associated with PHI enrolment. As such, risk selection into
PHI varies across countries. A possible reason of the vari-
ation is that basic insurance provided by governments that
aim to optimize social efficiency can address adverse selec-
tion to a certain extent. Therefore, PHI markets have fewer
high-risk consumers than the basic insurance markets [15].
The heterogeneity in the direction of risk selection

highlights the importance of examining the PHI market
by country to provide specific evidence on potential so-
cial inefficiency and policy implication for the regulation.
So far, the English literature of risk selection into sup-
plemental insurance exclusively focused on developed
countries. The current study provides initial evidence on
risk selection in the PHI market in a developing country.
In addition, all the markets investigated previously pro-
hibited insurers from price discrimination based on con-
ditions either partially or entirely. Thus, our study also
contributes to the literature by documenting risk selec-
tion into PHI in a market lacking similar regulation.

Theoretical background
The R-S model of insurance purchase applies most ap-
propriately to a fully competitive market with asymmet-
ric information [12]. In this scenario, the insured keep
their health status as private information such that the
insurers cannot practice medical underwriting. Hence,
the sicker individuals would buy more insurance. This
framework does not directly apply to China in that PHI
is supplemental to public health insurance and that the
insurers are allowed to price-set using the health infor-
mation available. Suppose there is a high-risk type indi-
vidual H whose probability of incurring a healthcare
expenditure E not covered by the public health insur-
ance is pH and a low-risk type individual L whose corre-
sponding probability is pL such that we know 0 ≤ pL <
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pH ≤ 1. Assuming the insurers can successfully screen
bad risk, then we have Pr(L) ≥ Pr(H) in the R-S frame-
work in which there is no risk preference heterogeneity
where Pr is the probability of possessing PHI for the cor-
responding risk type.
More, the R-S model does not allow correlation be-

tween the risk averse parameter τ and the probability p
∈[0, 1] of incurring a healthcare expenditure E. To illus-
trate how such correlation impacts risk selection, let the
expected utilities of purchasing and not purchasing PHI
for an individual with wealth W and a premium m of
purchasing PHI be respectively

VPHIðp; τÞ ¼ uðW−mÞ þ e
VNoPHIðp; τÞ ¼ puðW−EÞ þ ð1−pÞuðW Þ

where e is the fixed non-monetary costs of obtaining
PHI and follows a logistic distribution independent of p
and τ, and u is the constant relative risk aversion utility

function that takes the form uðyÞ ¼ Y 1−τ

1−τ [17]. The prob-
ability for this individual to buy PHI is then given by

PrPHI p; τð Þ ¼ exp VPHI p; τð Þ½ �
exp VPHI p; τð Þ½ � þ exp VNoPHI p; τð Þ½ �

which is the form of logistic probability. Since τ mea-
sures risk aversion, PrPHI(p, τ) is increasing in τ [17].
Fang et al. has shown that, with the additional assump-
tion of negative correlation between p and τ, PrPHI(p, τ)
may be decreasing in p if corr(p, τ) is unaccounted for in
analysis [17], leading to advantageous selection.
Following the theories of deviations from the classic

R-S model described above, we hypothesize that there is
advantageous selection in the supplemental PHI market
in China when both the price-setting variables (e.g.
demographic information and physical conditions) and
the risk tolerance proxies are not adjusted in analysis.
Without knowing the correlation between p and τ a
priori, we further hypothesize that there is adverse selec-
tion if the price-setting factors are adjusted with the as-
sumption of no correlation between p and τ. If there is
still advantageous selection, then p and τ are indeed
negatively correlated. If so, we hypothesize that adverse
selection can be retrieved as predicted by the R-S model
if risk tolerance proxies are adjusted.

Methods
Data
We conducted a cross-sectional analysis using data from
the 2015 wave of China Health and Retirement Longitu-
dinal Study (CHARLS). CHARLS is a longitudinal aging
survey of 45 years and older people and their spouses in
China with biennial follow-up [7]. It was designed to
allow nationally representative estimates using a multi-
stage probability sampling [24, 25]. The first wave of sur-
vey in 2011 included 17,708 respondents [24]. The 2015

wave data included 20,284 respondents with positive
cross-sectional weights. This survey collected informa-
tion on 1) socioeconomic information including age, sex,
education, residence (rural or urban), assets, income,
working status, commercial pension, and health insur-
ance status; 2) health information including self-
reported general health, thirteen physician-diagnosed
chronic conditions, memory problem, past-year total
and OOP inpatient costs, and past-month total and
OOP outpatient costs; and 3) behavioural questions in-
cluding smoking status and alcohol ingestion frequency.
Additional information on CHARLS can be found else-
where [24, 26]. We analysed the subsample that had
public health insurance coverage to investigate the prop-
erties of PHI as supplemental insurance.

Empirical methods
To test adverse or advantageous selection into PHI, we
regressed PHI enrolment on self-reported general health,
which is a proxy for health risk. The studies in the litera-
ture described in the literature review section were
mixed in terms of the proxy for health risk that was
used. Specifically, some studies used self-reported health
and some used realized healthcare expenditure or med-
ical occurrence. Whereas realized utilization has the
benefit of better reflecting the true health risk, this infor-
mation is unknown to the enrolees at the time of pur-
chasing PHI. On the contrast, self-reported heath
measures how the individuals perceive their own health
risk. Therefore, testing risk selection based on self-
reported health reflects the spontaneous behaviour as a
result of perceived health and corresponding risk toler-
ance. The self-reported general health had five categories
(1 excellent, 2 very good, 3 good, 4 fair, 5 poor). We cre-
ated a general health indicator (GHI) variable for fair or
better health because the median category was fair.
Three probit models of PHI on the GHI variable using
different specifications were conducted. First, we esti-
mated a univariate model:
Φ−1½ PrðPHIi ¼ 1j GHIiÞ� ¼ α0 þ α1GHIið 1 Þ

where PHIi is an indicator for PHI coverage and Φ−1 is
the probit link function. Second, we controlled age, sex,
rural or urban residence, and chronic illness. These vari-
ables represent information that insurers might use to
price insurance or to select enrolees:

Φ−1 Pr PHIi ¼ 1j GHIi;Xið Þ½ � ¼ α0 þ α1GHIi þ X
0
iα2 2ð Þ

where Xi is the vector of demographic variables and
chronic conditions. Finally, we added variables that were
not observed or could not be verified at the time of en-
rolment but represented potential sources of advanta-
geous selection [17, 18, 20]. These variables included
total wealth (in ¥1000), annual income (in ¥1000),
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smoking, alcohol ingestion frequency (daily or more
often), having a commercial pension, and education level
(high school or above). The equation form is:

Φ−1 Pr PHIi ¼ 1j GHIi;Xi; Yi
� �� � ¼ α0 þ α1GHIi þ X

0
iα2 þ Y

0
iα3 3ð Þ

where Pr() is the probability of the event in the paren-
theses, Yi represents the vector of the aforementioned
additional variables. In all three equations, α1 represents
risk selection. In equation [2], α1 represents risk selec-
tion conditional on price-setting factors. In equation [3],
α1 represents risk selection conditional on possible
sources of advantageous selection that would be relevant
if regressions of [2] and [3] suggested advantageous se-
lection. In the results section, we present not only the
coefficient estimates but also the marginal effect of GHI
at the means on the probability of enrolling in PHI be-
cause the latter gives practical implications of the results.
In the meantime, we still rely on the coefficient esti-
mates for statistical inference because testing of marginal
effects involves estimates of all coefficients instead of
only the coefficient of interest and depends on at what
values the variables are evaluated [27].
However, residual confounding that correlates with both

self-reported health and enrolment into PHI might still
exist even though we controlled for socioeconomic, medical
and behavioural variables. As a narrative example, pessim-
ism may correlate with not only self-rating of health but
also risk attitude and PHI enrolment. To address this layer
of endogeneity, we used an instrumental variable (IV) ap-
proach. In addition, α1 in equations [1]– [3] may represent
the mix of ex ante risk selection and potential moral hazard
if the latter existed. This is sometimes referred to as reverse
causality in literature. To disentangle the risk selection ef-
fect from potential moral hazard, we adopted a second add-
itional identification strategy for the specification in
equation 3 using adjusted realized hospitalization as the
proxy for health risk.
In the first additional strategy, an IV represents

exogenous randomness that correlates with GHI but
not ϵi [28]. To that end, we exploited the order ef-
fect from the design of the CHARLS survey. Order
effect refers to the phenomenon that the order of
presenting the general health question and specific
health questions can affect the answer to the general
health question [29]. In the CHARLS survey, about
50% of the respondents were randomized to answer
the general health question at the beginning of the
health and healthcare section and the rest the other
way around. We created an indicator variable for an-
swering the question at the beginning and used it as
the IV for GHI. This IV is potentially ideal because
of randomization. The reason that the answer to the
general health question can be affected by the order

is that a long list of health-related items presented
before answering the general health question may
help the respondents to contextualize their health
problems or lack thereof, reminding them of how
sick or healthy they are. More formally, self-
perceived health can be decomposed into:
Self perceived healthi ¼ SPHi pre þ SPHi post þ vi þ ri ð
4 Þ where SPHi _ pre is the part of self-perceived
health unaffected by first answering the other health-
related items, SPHi _ post is the part that was affected
and was null for those randomized to report general
health at the beginning, vi is an endogenous compo-
nent that correlated with both self-perception of
health and PHI enrolment, and vi is the remaining
component that was assumed to be random. Natur-
ally, the order of answering the question affects GHIi
through SPHi _ post, which is itself a reflection of part
of the true underlying health status. The condition
of correlation with GHI was tested in the IV regres-
sions. The Staiger-Stock rule of thumb is that the F-
statistic of regressing the endogenous variable on the
IV in a linear model should be greater than 10 [30].
Therefore, we also conducted a side-track linear re-
gression of GHI on the order of answering the gen-
eral health question to examine the F-statistic. It
should also be noted that both the response variable
of interest (PHI enrolment) and the potentially en-
dogenous treatment variable (GHI) were binary out-
comes. Studies have shown that the conventional
two-stage least squares procedure of implementing
IV leads to misspecification of the second stage and
is more vulnerable to bias than bivariate probit
(BVP) models when both the response variable and
the endogenous variable are binary [31–33]. There-
fore, we used the BVP approach to implement the
IV analysis. The structure of the BVP model takes
the following form [28]:

PHIi ¼ 1 α0 þ α1GHIi þ X
0
iα2 þ Y

0
iα3 þ ϵ1i > 0

n o
;

GHIi ¼ 1 β0 þ β1OIi þ ϵ2i > 0
� �

;
ϵ1i
ϵ2i

j Xi;Y i;OIi

� 	
� BVN

0
0

� 	
;

1 ρ
ρ 1

� 	
 �
;

5ð Þ

where 1{} is an indicator function taking the value one if
the condition in the curly brackets are true and zero other-
wise, OIi is the indicator of answering the general health
question at the beginning, and BVN represents bivariate
normal distribution. Conditional on OIi qualifying as an IV,
ρ tests the exogeneity of GHI to PHI. This regression was
conducted using the maximum likelihood approach.
The second additional identification strategy was re-

placing GHI with the adjusted risk of hospitalization.
We followed the approach used by Fang et al. [17] to
analyse risk selection in the Medigap market by using
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the adjusted risk of hospitalization as the proxy for the
underlying health risk. First, the realized occurrence of
hospitalization was regressed on the same set of predic-
tors as in equation 3 using a probit model:

Φ−1 Pr Hi ¼ 1j PHIi;Xi; Y i
� �� � ¼ γ0 þ γ1PHIi þ X

0
iγ2 þ Y

0
iγ3 6ð Þ

where Hi is an indicator for had any hospitalization in
the past year and γ1 represents potential moral hazard.
Then, the adjusted risk of hospitalization is calculated as
the predicted probability of hospitalization using the re-
sults of equation 6 but excluding the effect of PHI:

P̂i ¼ Φ γ̂0 þ X
0
iγ̂2 þ Y

0
iγ̂3

� 

7ð Þ

where Φ is the standard normal cumulative density
function. Finally, the specification in equation 3 was re-
analysed using:

Φ−1 Pr Hi ¼ 1j PHIi;Xi; Y i
� �� � ¼ δ0 þ δ1P̂i þ X

0
iδ2 þ Y

0
iδ3: 8ð Þ

Similar to α1 in equations 3 and 5, δ1 represents risk
selection. However, the interpretation of the direction of
the effect of P̂i is opposite to that of GHI. Since PHI
plans in China do not reimburse outpatient visits, the
high-risk and low-risk individuals would likely differ in
the underlying hospitalization risk if there was risk
selection.
All analyses used respondent sampling weights and

were conducted using Stata (version 14; Stata Corp, Col-
lege Station, TX, USA).

Results
We identified 17,704 respondents who had public health
insurance in the 2015 cross-sectional data, 493 of them
had PHI. A tabulation incorporating sampling weights
showed that 3.2% of those who had public health insur-
ance also had PHI. Table 1 lists descriptive statistics of
the analytical sample. Briefly, PHI beneficiaries were sig-
nificantly younger (mean: 53.8 vs. 60.1 years, p < 0.001),
less likely to live in rural areas (30.2% vs. 52.5%, p <
0.001), and more likely to be in fair or better health sta-
tus (90.4% vs 80.3%, p < 0.001). PHI beneficiaries also
had significantly higher annual income (mean: ¥20,695
vs. ¥6165, p = 0.001).
Estimates of coefficients and marginal effects for equa-

tions [1]– [3] are presented in Tables 2, 3 and 4, respect-
ively. In the unadjusted equation, GHI was significantly
associated with a 0.0252 (p < 0.001) higher probability of
having PHI. When conditional on potential price setting
and consumer selection variables, GHI was significantly
associated with a 0.0142 (p < 0.05) higher probability of
having PHI. In equation [3], only having commercial
pension among all the variables of potential sources of
advantageous selection was significantly associated with
PHI enrolment. Also, GHI was still significantly associ-
ated with a 0.0182 (p < 0.05) higher probability of PHI
enrolment, which was relatively close to the magnitude
in equation [2].
Table 5 displays the coefficient and marginal effect es-

timates of IV regression in equations 5 using the BVP
approach. Although the regression was estimated using
maximum likelihood, we followed the convention of IV

Table 1 Characteristics of individuals having public health insurance with and without PHI in CHARLS

With PHI (3.2%)a Without PHI (96.8%)a Total p-value

Age (years) 53.8 (0.4) 60.1 (0.2) 59.9 (0.1) < 0.001

Male (%) 50.4 47.6 47.7 0.462

Rural (%) 30.2 52.5 51.8 < 0.001

Mean number of chronic conditions 1.62 (0.12) 1.77 (0.02) 1.76 (0.02) 0.243

Self-reported health status (%) < 0.001

Excellent 2.3 1.3 1.3

Very good 15.9 11.7 11.8

Good 15.8 12.8 12.9

Fair 56.5 54.6 54.6

Poor 9.6 19.7 19.4

Total wealth (2015 Chinese ¥) 570,057(64,788) 455,544(31,662) 459,265(30,697) 0.112

Income (2015 Chinese ¥) 20,695(4289) 6165(241) 6622(272) 0.001

1-year inpatient costs (2015 Chinese ¥) 2463(115) 1900(858) 1918 0.516

Had any inpatient admission (%) 11.9 13.2 13.1 0.468

Results are presented as mean (standard error) unless otherwise specified
CHARLS China Health and Retirement Longitudinal Study, PHI private health insurance
aThe percentages incorporated sampling weights. Therefore, the actual sample sizes in each group were not reported because they did not correspond to the
reported percentages
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analysis to term the second equation in equations 5 as
the first-stage regression and the first equation in equa-
tions 5 as the second-stage regression. In the first-stage
regression, the OI variable significantly and negatively
predicted the response to the general health question,
supporting its validity as an IV. The F-statistic of the
side-track first-stage linear regression was 109.42, which
was substantially greater than the Staiger-Stock rule of
thumb for non-weak IV. In the second stage regression,
GHI was significantly associated with a 0.244 (p < 0.001)

higher probability of having PHI, confirming the results
of advantageous selection. Furthermore, ρ was statisti-
cally significant, suggesting endogeneity of GHI to PHI.
Results of the regression using equation 8 are listed in

Table 6. The adjusted risk of hospitalization was signifi-
cantly and negatively associated with having PHI. This
means individuals at higher risks of hospitalization were
less likely to purchase PHI. The marginal effect of the
adjusted risk of hospitalization was that the probability
of PHI enrolment was reduced by 0.108 (p < 0.05). This
result also confirmed advantageous selection.

Discussion
To our knowledge, the current study is the first in the litera-
ture to document risk selection associated with PHI in
China. Using CHARLS data, we found that there was advan-
tageous selection into PHI among those who had public
health insurance in China, which echoed our first hypothesis.
The advantageous selection was partially mediated by

physical conditions, suggesting potential discrimination
or selection of enrolees by insurers. However, there was
still advantageous selection after controlling for the

Table 2 Estimates of the coefficient and marginal effect from
the unadjusted probit regression of supplemental private health
insurance enrolment on general health indicator (equation 1)

Coefficient Marginal effect

General Health Indicatora 0.350***

(0.0698)
0.0252***

(0.00572)

N 19,275

Standard errors in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
aThe general health indicator was 1 if self-reported health was fair or better
than fair and was 0 if self-reported health was poor. Zero was the baseline
category in regression

Table 3 Estimates of the coefficients and marginal effects from the probit regression of supplemental private health insurance
enrolment on general health indicator adjusting for demographic variables and physical conditions (equation 2)

Coefficient Marginal effect

General Health Indicatora 0.214* (0.0926) 0.0142* (0.00648)

Live in rural area −0.357*** (0.0772) − 0.0237*** (0.00625)

Age −0.0301*** (0.00448) − 0.00199*** (0.000359)

Male 0.0730 (0.0837) 0.00484 (0.00549)

Ever had condition

High blood pressure 0.0406 (0.113) 0.00269 (0.00756)

Diabetes −0.168 (0.140) −0.0112 (0.00938)

Cancer 0.0485 (0.261) 0.00322 (0.0173)

Lung disease −0.335** (0.127) −0.0222* (0.00897)

Heart problem 0.0960 (0.105) 0.00637 (0.00684)

Stroke −0.166 (0.219) −0.0110 (0.0147)

Psychiatric problem 0.668 (0.390) 0.0443 (0.0268)

Arthritis −0.0756 (0.0878) −0.00501 (0.00588)

Dyslipidaemia 0.0404 (0.106) 0.00268 (0.00698)

Liver disease 0.245 (0.188) 0.0163 (0.0127)

Kidney disease 0.354 (0.246) 0.0235 (0.0171)

Stomach/digestive disease −0.144 (0.0968) −0.00954 (0.00656)

Asthma 0.174 (0.176) 0.0115 (0.0117)

Memory problem 0.383 (0.304) 0.0254 (0.0204)

N 12,929

Standard errors in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
aThe general health indicator was 1 if self-reported health was fair or better than fair and was 0 if self-reported health was poor. Zero was the baseline category
in regression
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demographic variables and physical conditions. Previous
studies in the literature were conducted in contexts with
regulation against discrimination based on pre-existing
conditions. Hence, it was natural to expect that physical
conditions would explain advantageous selection in a
setting that lacked anti-discrimination legislation. On
the contrast of our second hypothesis, our findings sug-
gested that advantageous selection could drive enrol-
ment into PHI even though insurers already screened
risk on their side.
In the Fang et al. study [17], advantageous selection

was explained by the correlation between risk preference
variables and health. Similar risk preference variables
were also controlled in the current analysis where avail-
able, but controlling these variables still did not fully ex-
plain the advantageous selection. Whereas it further

nullified our third hypothesis, it also likely suggested
that there were still unidentified sources of risk prefer-
ence. For example, risk preference may depend not only
on static variables but also on the dynamic change of so-
cioeconomic conditions. Prospect theory predicts that
baseline states and changes in wealth can affect risk tol-
erance [34]. Future studies should try to investigate
sources of advantageous selection in a dynamic setting.
The IV approach aimed to address possible omitted vari-

able bias caused by a series of unobserved factors. The un-
observed factors could include individual attitude which
may contribute to both self-perceived health and enrolment
in PHI. However, the results of the IV approach should be
interpreted with caution. Our approach targeted at the
endogeneity in self-reported health but not health itself. To
a certain extent, this resembled measurement error.

Table 4 Estimates of the coefficients and marginal effects from the probit regression of supplemental private health insurance
enrolment on general health indicator adjusting for demographic variables, physical conditions, and risk tolerance proxies (equation 3)

Coefficient Marginal effect

General Health Indicatora 0.281* (0.116) 0.0182* (0.00809)

Live in rural area −0.319** (0.0983) − 0.0207** (0.00755)

Age −0.0222*** (0.00568) −0.00144*** (0.000406)

Male −0.0604 (0.133) −0.00392 (0.00872)

Ever had condition

High blood pressure 0.0767 (0.128) 0.00498 (0.00847)

Diabetes −0.146 (0.171) − 0.00950 (0.0111)

Cancer 0.0896 (0.322) 0.00582 (0.0208)

Lung disease −0.323* (0.155) −0.0210* (0.0107)

Heart problem 0.112 (0.128) 0.00727 (0.00809)

Stroke −0.823* (0.413) −0.0534 (0.0278)

Psychiatric problem −0.499 (0.380) − 0.0324 (0.0251)

Arthritis −0.0969 (0.112) − 0.00629 (0.00736)

Dyslipidaemia 0.00348 (0.128) 0.000226 (0.00828)

Liver disease −0.0548 (0.173) − 0.00356 (0.0113)

Kidney disease 0.507 (0.270) 0.0329 (0.0189)

Stomach/digestive disease −0.0487 (0.121) −0.00316 (0.00789)

Asthma 0.0994 (0.227) 0.00646 (0.0147)

gMemory problem 0.586 (0.345) 0.0381 (0.0231)

Household total wealth (in 1000 Chinese ¥) 0.00000417 (0.00000866) 0.000000271 (0.000000559)

Annual personal income (in 1000 Chinese ¥) 0.00424 (0.00280) 0.000275 (0.000190)

Smoke now 0.0487 (0.123) 0.00316 (0.00798)

Drink alcohol daily or more often −0.115 (0.129) −0.00748 (0.00855)

Have commercial pension 1.046*** (0.282) 0.0680*** (0.0183)

Education high school or above 0.155 (0.135) 0.0100 (0.00865)

N 9403

Standard errors in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
aThe general health indicator was 1 if self-reported health was fair or better than fair and was 0 if self-reported health was poor. Zero was the baseline category
in regression
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An additional concern of omitted variable bias may be
raised by the regional variation in how much the public
health insurance schemes address the healthcare need.
The underlying rationale is that the OOP rates of health-
care expenditure across regions may affect the uptake of
PHI. Although there isn’t an ideal approach to quantify
the potential omitted variable bias due to this complex-
ity, we conducted a post hoc analysis to provide indirect
evidence on whether the regional variation of public
health insurance schemes biased the results. First, we
created a proxy of the generosity of public health insur-
ance by calculating the city-level OOP rate of past-year

inpatient costs using the subsample who had any
hospitalization and only had public health insurance, fol-
lowing which we examined if this variable was signifi-
cantly associated with having PHI. Indeed, the
probability of having PHI was negatively associated with
the city-level OOP rate of hospitalization. Specifically,
the probability of having PHI was increased by 9.7 per-
centage points (p = 0.008) if the OOP rate was changed
from 100% to 0%. This suggests that the regional vari-
ation of public insurance schemes did have the potential
to cause omitted variable bias. Second, we added the
city-level OOP rate variable to the covariate list of

Table 5 Coefficients and marginal effects at the means of the bivariate probit regression of supplemental private health insurance
enrolment on general health indicator using the order of answering the general health question as an instrumental variable

Coefficient Marginal effect at the means

First-stage regression

Answering the general health question at the beginning of health section −0.258*** (0.0426) − 0.0690*** (0.0113)

Second-stage regression

General Health Indicatora 1.574*** (0.184) 0.244** (0.0751)

Live in rural area −0.213** (0.0687) − 0.0330** (0.0109)

Age − 0.0153*** (0.00465) − 0.00238*** (0.000598)

Male −0.0276 (0.0910) − 0.00427 (0.0139)

Ever had condition

High blood pressure 0.0393 (0.0851) 0.00609 (0.0131)

Diabetes − 0.0990 (0.116) −0.0154 (0.0181)

Cancer 0.0788 (0.236) 0.0122 (0.0365)

Lung disease −0.228* (0.114) − 0.0353* (0.0171)

Heart problem 0.0713 (0.0919) 0.0111 (0.0136)

Stroke −0.542 (0.295) −0.0840 (0.0449)

Psychiatric problem −0.382 (0.260) − 0.0592 (0.0402)

Arthritis −0.0755 (0.0764) − 0.0117 (0.0116)

Dyslipidaemia 0.0173 (0.0883) 0.00268 (0.0137)

Liver disease −0.0117 (0.121) −0.00182 (0.0187)

Kidney disease 0.353 (0.191) 0.0547 (0.0285)

Stomach/digestive disease −0.0347 (0.0837) − 0.00538 (0.0130)

Asthma 0.0495 (0.167) 0.00767 (0.0255)

Memory problem 0.408 (0.236) 0.0632 (0.0380)

Household total wealth (in thousand Chinese ¥) 0.00000366 (0.00000679) 0.000000568 (0.00000105)

Annual personal income (in thousand Chinese ¥) 0.00286 (0.00215) 0.000443 (0.000315)

Smoke now 0.0395 (0.0835) 0.00612 (0.0130)

Drink alcohol daily or more often −0.0750 (0.0866) −0.0116 (0.0138)

Have commercial pension 0.783** (0.240) 0.121*** (0.0331)

Education high school or above 0.117 (0.0902) 0.0182 (0.0140)

ρ −1.243*** (0.328)

N 9403

Standard errors in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
aThe general health indicator was 1 if self-reported health was fair or better than fair and was 0 if self-reported health was poor. Zero was the baseline category
in regression
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equation 3 to observe if the estimate of risk selection as
denoted by the effect of the general health indicator had
any change. The coefficient and marginal effect esti-
mates remained the same as that in Table 4 (0.28 &
0.018), as did the statistical significance of the estimates.
More, the city-level OOP rate variable was statistically
insignificant in this regression. Hence, we did not find
evidence of omitted variable bias caused by regional vari-
ation of public health insurance schemes.
In addition to internal validity, which is mainly threat-

ened by omitted variable bias, another dimension of the
validity is construct validity. We created a dichotomous
general health indicator to test risk selection. However,
the results could be misleading if self-reported health
could not be dichotomized. We explored the analysis of
equation 3 by regrouping categories 1 and 2 of self-
reported health into “excellent or very good” and cat-
egories 3 and 4 into “good or fair”. Category 5, which

represented “poor”, was used as the reference category.
The marginal effect of “excellent or very good” health
was 0.023 (p = 0.043). The marginal effect of the “good
or fair” health was 0.0175 (p = 0.033). These results not
only confirmed the advantageous selection but also doc-
umented that the better the health the stronger the ad-
vantageous selection. This study has several limitations.
First, the data source lacked accurate ex ante health risk
information. An ideal dataset would permit researchers
to use the PHI enrolment date as the index date and to
collect pre-index health and cost information. Second,
we might have not sufficiently adjusted for price-setting
factors that insurers used for medical underwriting. For
example, the insurers may exercise screening of potential
beneficiaries, the results of which are not necessarily re-
ported to or recalled by the respondents. This may result
in unaccounted-for omitted variable bias. Third, the var-
iables we were able to use as proxies for risk preferences

Table 6 Coefficients and marginal effects at the means of the probit regression of supplemental private health insurance enrolment
on the adjusted risk of hospitalization

Coefficient Marginal effect at the means

Adjusted risk of hospitalization −1.668* (0.808) −0.108 (0.0563)

Live in rural area −0.338*** (0.100) −0.0219** (0.00772)

Age −0.0191*** (0.00544) −0.00124*** (0.000373)

Male −0.00874 (0.131) −0.000567 (0.00851)

Ever had condition

High blood pressure 0.0883 (0.130) 0.00572 (0.00861)

Diabetes −0.0383 (0.171) −0.00248 (0.0111)

Cancer 0.233 (0.324) 0.0151 (0.0210)

Lung disease −0.224 (0.160) −0.0145 (0.0106)

Heart problem 0.218 (0.122) 0.0141 (0.00772)

Stroke −0.781 (0.404) −0.0506 (0.0271)

Psychiatric problem −0.518 (0.380) −0.0336 (0.0252)

Arthritis −0.108 (0.112) −0.00698 (0.00731)

Dyslipidaemia 0.0710 (0.128) 0.00460 (0.00829)

Liver disease 0.00233 (0.171) 0.000151 (0.0111)

Kidney disease 0.561* (0.282) 0.0364 (0.0198)

Stomach/digestive disease −0.0249 (0.119) −0.00161 (0.00770)

Asthma 0.123 (0.222) 0.00800 (0.0144)

Memory problem 0.687 (0.362) 0.0446 (0.0244)

Household total wealth (in thousand Chinese ¥) 0.00000234 (0.00000844) 0.000000152 (0.000000545)

Annual personal income (in thousand Chinese ¥) 0.00267 (0.00275) 0.000173 (0.000182)

Smoke now −0.00990 (0.126) − 0.000642 (0.00816)

Drink alcohol daily or more often −0.157 (0.133) − 0.0102 (0.00888)

Have commercial pension 1.051*** (0.282) 0.0682*** (0.0184)

Education high school or above 0.153 (0.136) 0.00994 (0.00870)

N 9403

Standard errors in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
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were not as extensive as other studies. This restricted
our understanding of the sources of advantageous selec-
tion. Fourth, some variables had substantial missing data
issues, which led to reduced sample sizes and might have
resulted in underpowered analyses. This could be a po-
tential reason that income was significantly different be-
tween those with and without PHI in descriptive
statistics but was not significantly associated with PHI
enrolment in regressions.
Our findings have important policy implications. First,

the existence of either adverse selection or advantageous
selections may indicate social inefficiency [23]. In the
case of advantageous selection, high-risk individuals may
be underinsured [18]. Future policies to regulate the PHI
market should take this into consideration. Based on the
evidence from the current study, developing anti-
discrimination policies can allow more high-risk individ-
uals to purchase PHI, thereby counterbalancing the ad-
vantageous selection. In addition, to the extent that
health and wealth are usually positively correlated, the
current tax deduction incentives to purchase supplemen-
tal PHI can be redesigned and leveraged to dispropor-
tionately favour the low-income high-risk population.
Finally, the evidence from the current study could also
inform policymakers in countries where the supplemen-
tal PHI markets are similarly premature and the public
health insurance addresses only a modest portion of
healthcare demand.

Conclusions
To sum up, we used data from CHARLS to provide evi-
dence on advantageous selection in the Chinese PHI
market. The findings were confirmed by various identifi-
cation strategies including multivariate regressions of
PHI enrolment on GHI, IV analysis implemented with
BVP, and multivariate regressions of PHI enrolment on
adjusted risk of hospitalization. We demonstrated that
part of the advantageous selection was not necessarily
spontaneous but likely imposed by insurers. This finding
was more likely to happen in a context lacking regula-
tion against condition-based discrimination. However,
there was remaining advantageous selection that could
not be explained by medical conditions and risk prefer-
ence proxy variables. Based on our findings, we recom-
mend that the PHI market regulation and tax deduction
incentives in China should favour high-risk individuals.
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