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a  b  s  t  r  a  c  t

The  aim  of  this  article  is  to estimate  the  type  of  selection  that exists  in  the supplemental  health  insurance
market  in  Colombia  where  compulsory  coverage  is implemented  through  managed  care  competition.
We  build  a panel  database  that combines  individuals’  information  from  the  Ministry  of  Health  and  a
database  provided  by two private  health  insurers.  We  perform  the  correlation  test  for  consumption  of
health services  frequency  and  supplemental  coverage.  Following  Fang  et  al. (2008),  we  condition  the
estimation  on health  controls  that  are  available  to the  econometrician  but not  to  insurers.  In  both  cases
we  obtain  a positive  correlation,  suggesting  that  adverse  selection  predominates.  In order  to  rule  out
22
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some moral  hazard  effects,  we  estimate  the correlation  between  previous  frequency  of healthcare  service
consumption  and  supplemental  insurance  purchase.  The  positive  correlation  obtained  is  robust  to  the
inclusion  of  controls  for diagnosis  implemented  by  health  insurers,  suggesting  that  despite  some  risk
selection  strategies,  they  are  not  protected  from  adverse  selection.  We  conclude  that  some  subsidies  to
supplemental  coverage  purchase  would  lower public  expenditure  in Colombia.

© 2017  Elsevier  B.V.  All  rights  reserved.

orrelation test

. Introduction

Health insurance markets are usually characterized by market
ailures caused by the presence of information asymmetries. More
recisely, the main information asymmetries described are related
o the nature of selection on the one hand, and the presence of

oral hazard on the other. The first of these occurs when individu-
ls have private information prior to the purchase of insurance, and
his information is correlated both with the purchase of insurance
nd the probability of the occurrence of an event (Rothschild and
tiglitz, 1976; De Meza and Webb, 2001). In contrast, moral haz-
rd is defined as an increase in the magnitude of pooled risk due to

nsurance (Pauly, 1968; Blomqvist, 1997..

Basically, the types of selection described are divided into two
roups: adverse and advantageous.1 In practice, insurers define

∗ Corresponding author.
E-mail addresses: d.bardey@uniandes.edu.co (D. Bardey),

 buitrago@javeriana.edu.co (G. Buitrago).
1 Another form of heterogeneity among individuals has been defined through
hich they can anticipate moral hazard behaviors before purchasing insurance, and

his increases the likelihood of purchase. Einav et al. (2013) refer to this phenomenon
s selection on moral hazard.

ttp://dx.doi.org/10.1016/j.jhealeco.2017.02.008
167-6296/© 2017 Elsevier B.V. All rights reserved.
risk categories using observable variables and they offer con-
tracts calculated for the average risk within each category. Under
an adverse selection scenario, (within each category) individuals
with unobservable increased health risk are those who are more
willing to buy health insurance coverage. As such, adverse selec-
tion leads to equilibria characterized with under-insurance (Einav
et al., 2010). Conversely, advantageous selection corresponds to
scenarios in which individuals that prefer insurance with greater
coverage exhibit a lower health risk (De Meza and Webb, 2001;
Hemenway, 1990).2 Unlike adverse selection, advantageous selec-
tion leads to equilibria characterized with over-insurance (Einav
and Finkelstein, 2011). As a result, and indeed crucially, optimal
regulation in health insurance markets depends on the nature of
the selection at work.
This article follows the burgeoning empirical literature on
selection in health insurance markets. More precisely, we aim to
estimate the type of selection at play in the Colombian health

2 The argument behind advantageous selection is that more risk averse individ-
uals are usually more willing to undertake prevention activities that lower their
health risk on the one hand, and more willing to buy generous insurance contracts
on the other.

dx.doi.org/10.1016/j.jhealeco.2017.02.008
http://www.sciencedirect.com/science/journal/01676296
http://www.elsevier.com/locate/econbase
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhealeco.2017.02.008&domain=pdf
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Chiappori and Salanié (2000) and Fang et al. (2008), it makes a con-
18 D. Bardey, G. Buitrago / Journal o

ystem that allows for the coexistence in the market of pri-
ate/supplemental insurance and compulsory insurance provided
n a managed care system. This health system has created a series of
ncentives (subsidies) through tax cuts for individuals who  want to
ave access to better quality health services through supplemental
overage. As we will discuss in the conclusion, the nature of the
election is an important issue to anticipate if a tax-subsidy policy
s self-financing.

Using the integrated information system of the Ministry of
ealth and Social Protection (SISPRO), and information from two
ealth insurers that offer compulsory and supplemental (private)
overage, a panel is constructed for 2010 and 2011 of over 400,000
ndividuals who are dues-paying members of the system (adult

orkers).3 This contains information regarding health services con-
umption, type of health service, spending and related diagnostics,
revention activities, socioeconomic variables, and affiliation or not
o voluntary insurance.

To begin with, we perform the test suggested in Chiappori and
alanié (2000) to determine the correlation between frequency of
ealthcare services consumption in 2011 and insurance coverage
uring the same year.4 We  condition on the consumer character-

stics that determine the prices offered to each policyholder. We
nd that the correlation test is positive, that is, the consumption of
ealth services correlates positively with affiliation to supplemen-
al insurance, suggesting the presence of information asymmetries.
evertheless, as explained by Chiappori and Salanié (2000), from

his test we are unable to disentangle adverse selection from moral
azard.

Thus we use the approximation of Fang et al. (2008) and we
ondition the estimation on health controls – represented in trace
athologies and the frequency of healthcare services consumption
uring the previous year – which provide a good proxy for the
ealth status of individuals. The frequency of healthcare services
onsumption during the previous year is available to the econo-
etrician but not to insurers (or, at least, is unused by insurers

o determine the premium).5 As it is eloquently explained in Fang
t al., if the sign of the correlation becomes negative, then one can
onclude that advantageous selection predominates (despite moral
azard effect on board). In our estimation, in both cases, that is,
ith and without such controls, we obtain a positive correlation,

uggesting that adverse selection may  predominate.
It is worth noting that we did not have Fang et al.’s “chance”

ince our positive correlation may  still include effects related to
oral hazard behaviors. Thus, controlling by a set of individual

haracteristics, we take advantage of the consumption of health
ervices in the year immediately preceding (supplemental) health
nsurance purchase in a different way. More precisely, we  estimate
he probability of enrollment to supplemental coverage in 2011 as a
unction of the frequency of healthcare consumption in 2010. This
trategy eliminates the moral hazard effect since the correlation
s estimated when individuals have not yet purchased the insur-
nce. Our results show that the use of hospital services in the year
receding insurance purchase is positively correlated with the pur-

hase of supplemental health insurance, corroborating that adverse
election is the predominant scenario in the private health insur-
nce market in Colombia. This estimate is robust to the inclusion

3 The compulsory health insurance system distinguishes enrollees on the basis of
members” (contributing) and “insured” (family members that are covered by the
embers’ policy). Our panel database consists of member enrollee exclusively.
4 We use the frequency of healthcare services such as the health consump-

ion variable instead of health spending, which is related to price and affected by
nknown factors.
5 In contrast, health insurers observe trace pathologies but do not use them for

ricing. Nevertheless, some of them are used to establish pre-existing medical con-
itions that prevent individuals from buying supplemental coverage.
h Economics 56 (2017) 317–329

of controls for diagnosis, which correlate negatively with the pur-
chase of insurance due to some pre-existing medical conditions
applied by health insurers. It suggests that despite the strategies of
risk selection used by supplemental health insurers these do not
protect them from adverse selection.

Finally, the activities of primary and secondary prevention real-
ized by policyholders before the purchase of insurance are also
taken into account. More precisely, we measure the consumption
of cervical Pap smear, mammogram, PSA measurement and vacci-
nation. The first three of these are related to activities of secondary
prevention, while vaccination corresponds to primary prevention
activities. It is assumed that primary prevention activities are
positively correlated with advantageous selection, and negatively
correlated with adverse selection, while secondary prevention
activities are negatively correlated with advantageous selection
(and positively with adverse selection).6 We  find that there exists a
positive correlation between the use of PSA and cervical Pap smear
with supplemental health insurance purchase in the following year
and that this correlation is robust to socio-demographic, health
status and service consumption controls. Moreover, the correla-
tion between vaccination and the purchase of voluntary insurance
remains negative for all estimates. Again, all of these results are sug-
gestive of adverse selection. Following this, we discuss the policy
implications of our empirical findings in the conclusion.

This paper contributes to the empirical literature on asymme-
tries of information to identify the predominant selection scenario,
taking into account the effects of moral hazard in the health insur-
ance market (Finkelstein and McGarry, 2006; Cohen, 2005; Einav
et al., 2010; Einav et al., 2013). Empirical tests for determining the
existence and nature of the selection or moral hazard in the insur-
ance market are difficult to develop. The difficulty is that adverse
selection has similar consequences to moral hazard in the correla-
tion test; in either of the two  scenarios there is an increased use of
services offered by insurance, therefore isolating the two effects is
not easy and it depends on the data available. Some empirical stud-
ies (Fang et al., 2008; Resende and Zeidan, 2010) have been based
on the correlation test for asymmetric information developed by
Chiappori and Salanié (2000). This test estimates the correlation
between the level of insurance coverage and the costs of making a
claim.

In performing this correlation test, Fang et al. (2008) identify
that there exists asymmetric information in the private insurance
market that is linked to Medicare in the United States. They propose
an empirical strategy that involves comparing the sign associated
with the correlation between coverage and health expenditures,
including models without controls for the health status of indi-
viduals and models with controls (again only available to the
econometrician). They argue that if the positive correlation changes
to a negative correlation in the health controls scenario then this is
evidence of advantageous selection.

The approach presented herein differs from that proposed by
Einav et al. (2010), and although it is close to the proposals made by
tribution by supplementing these proposals in several aspects. First,
we take advantage of the consumption of services prior to health

6 The intuition behind this statement is as follows: in scenarios of advantageous
selection, individuals undertake more activities that reduce the risk of disease (or
the probability of its occurrence). In this case, the goal of vaccination is to prevent
the occurrence of disease. On the contrary, in adverse selection the individual knows
their risk of disease and so the use of secondary prevention activities plays two  roles:
first,  the individual (or medical) receives a signal about his or her risk of getting
sick, which leads to a greater probability of him or her using these services; sec-
ond,  according to the results, individuals propensity to buy insurance may increase
because of knowledge of a more likely adverse outcome. We test this assumption in
section 5.3.
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variables are observable by health insurers who choose not to use
them in pricing. Since we  observe all of the variables that come
D. Bardey, G. Buitrago / Journal o

nsurance affiliation to rule out moral hazard behaviors. Thus the
ositive correlation between the consumption of health services
nd insurance purchase at a later time corroborates our result that
dverse selection predominates in the supplemental health insur-
nce market in Colombia. Second, this paper identifies the channels
r type of private information that can be related to one or another
orm of selection. In particular, it considers the correlation between
uying supplemental insurance and the use of activities of primary
nd secondary prevention.

Finally, our paper is related to Olivella and Vera-Hernandez
2013) since we measure the selection effect in a private health
nsurance market that co-exists with a free public and (almost) uni-
ersal outside option. As in the UK, private coverage in Colombia
eems to be more supplementary than complementary. Even
hough we do not adopt the same empirical strategy due to the
ifferent institutional contexts, Olivella and Vera-Hernandez also
nd that adverse selection predominates in the UK private health

nsurance market.7

This article comprises five sections. The second section describes
he Colombian healthcare system. The third section presents the
ources of information and data. The fourth presents the identifica-
ion strategy. The fifth shows the results of the empirical estimates
nd the final section concludes by discussing various policy impli-
ations.

. The Colombian healthcare system

Colombia introduced mandatory social health insurance with
he approval of an ambitious healthcare reform package in 1993.
he aim of this reform was to improve equity through mandatory
niversal health insurance and increase the performance of public
pending on health. To ensure this second objective, and despite the
act that this mandatory social health insurance system is financed
hrough a combination of payroll contributions and general taxa-
ion, the 1993 reform introduced competition into both insurance
nd the provision of care through a managed-care model, where
ublic and private firms intervene. This comprehensive national
ocial insurance scheme included a contributory regime for those
ble to pay and a fully subsidized scheme for the poor. Histori-
ally, beneficiaries of the contributory regime had access to a wider
xplicit package of benefits than beneficiaries of the subsidized
egime, but both packages (of health benefits) converged in 2015
fter a decision taken by the Constitutional Court. Financial pro-
ection against health risk as well as spending on public health has
mproved dramatically during the two last decades (Escobar et al.,
010). In 2015, it was estimated that approximately 96% of the pop-
lation is insured (OCDE Report, 2015). Moreover, out-of-pocket
ayments are pretty low and to some extent depend on individuals’

ncome in order to reduce problems of access.
Insured individuals in both the contributory and subsidized

egimes choose their health insurer, choose care providers within
heir insurer’s network, and receive a health benefits package pur-
hased by insurers from public and private providers through
ontracts. In other words, health insurers are responsible for orga-
izing and guaranteeing the provision of health services included

n the benefits package. Moreover, all participants in the contribu-
ory regime can enroll their dependents as a family unit. Insurers

eceive a capitation payment. The government defines this pre-
ium annually, and it is calculated according to age, gender and

lace of residence.8 To give an example, in 2010 the (annual) aver-

7 Olivella and Vera-Hernandez (2013) take advantage of collective versus individ-
al  private health insurance contracts to disentangle moral hazard from adverse
election.

8 This premium is called the “Unidad de Pago por Capitación” (UPC).
h Economics 56 (2017) 317–329 319

age premium received by health insurers to cover policyholders
was about US$246, and in 2011 it was about US$272.

Even though in theory the beneficiaries of both regimes have
access to a wide package of treatments and medical services, in
practice health insurers also work as gatekeepers and may  limit
access to healthcare (Vargas et al., 2010). This widespread percep-
tion, combined with the inadequate quality offered by providers
that belong to health insurers’ networks in the mandatory regime,
has opened a window for supplemental (and private) health insur-
ance. Thus insurers who offer supplemental health insurance do
not usually supply additional coverage in the sense that they do
not cover out-of-pockets for social insurance coverage, but they
rather provide access to health services of better quality. In concrete
terms, this better quality involves reduced waiting times, access to
better hospitals and physicians, and so on.

We estimate that supplemental health insurance is bought by
4.3% and that these policyholders usually come from the con-
tributory regime.9 Health insurers, which supply supplemental
coverage, usually participate in the contributory regime and, due
to commercial policy,10 more than the 81% of policyholders who
benefit from a supplemental plan buy it from the same insurer
that offers their mandatory social coverage.11 Curiously, despite
this commercial strategy applied by health insurers, it seems that
they do not share information between the two levels of cover-
age (mandatory and supplemental). In other words, when offering
supplemental coverage health insurers do not use individuals’
information taken from the mandatory coverage. Moreover, despite
an absence of community regulation health insurers do not adjust
their premiums according to individual risk.12 Indeed, tariffs are
pre-determined according to the plan chosen by policyholders and
they vary only according to age and gender. In the supplemental
coverage market it seems that health insurers protect themselves
against adverse selection just by excluding individuals with some
pre-existing medical conditions.13

The fact that health insurers that supply supplemental coverage
use very little information, indeed less information that which they
could easily have access to, is important for our empirical strategy.
At first glance, the supplemental health insurance market presents
an institutional setting that differs from Medigap in the USA, due
to a lack of community rating regulation. Nevertheless, the poor
risk discriminatory schemes applied by those health insurers that
supply supplemental coverage implies that the resulting informa-
tion structure is similar to Fang et al. (2008). Thus, health status and
prior healthcare utilization are not observed (or taken into account)
by health insurers in the supplemental coverage market, allowing
us to take advantage of such information for our empirical strategy.
Finally, we include the disclaimer that we do not have an official
statement to support the assertion that no information exchange
takes place between the two  levels of coverage. As a robustness
check, we  also perform a modified correlation test suggested in
Finkelstein and Poterba (2014) in which it is assumed that some
9 95% Confidence Interval: 3.9–4.7. Information obtained from the 2011 Quality of
Life  Survey. Available at: https://www.dane.gov.co. No official statistics are available
on  enrollment in supplemental coverage.

10 Some discounts are usually offered to policyholders to give them incentives to
subscribe to supplemental coverage with the same insurer.

11 This information is provided by ACEMI, the health insurers’ federation.
12 See Finkelstein and Poterba (2014) for an interesting discussion related to the

rationale of observable but unused individual characteristics by health insurers.
13 The webpage on which supplemental coverage plans are

offered reveals that there exists a no-risk adjustment in premiums:
https://prezi.com/pc9l3fnoolaj/otros-planes/
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rom the mandatory regime, we are able to tackle this alternative
nformation structure.

. Data

.1. Information sources

The main source of information is the Integrated Information
ystem of Social Protection (SISPRO), which integrates more than
0 primary sources of health-related information in a single query
ystem.14 SISPRO matches the citizen identification of each of the
ubjects included and this relates to the different sources of infor-
ation. Using SISPRO we can build a database for 2010 and 2011
ith information coming from three primary sources: BDUA, PILA

nd UPC.15

The BDUA corresponds to the database that contains sociodemo-
raphic information regarding those members fully identified with
he different social security regimes. It is updated every month and
s the main source for the transfer of the capitation payment by the
overnment to health insurers for the mandatory coverage. From
his database we retrieve all of the individuals’ standard sociode-

ographic variables, as well as information related to membership
tatus.

PILA is the source of information where the firms and the inde-
endent workers report their monthly income, with the objective
f making contributions to the social security system in Colombia
health, retirement and other mandatory contributions). It is
pdated each month. From PILA we extract individuals’ monthly

ncomes.
The UPC database contains information such as member ID

nd the characterization of the health service provided: place of
elivery, delivery date, type of service provided, related diagnostic,
ealth institution that provided the service, and the value paid by
he health insurer. Every year, this information is supplied by all
ealth insurers to the government and it is used to calculate the
PC. From UPC database we have information related to the con-

umption of healthcare services during a calendar year. All of these
atabases correspond to administrative data and are administered
nder high-quality standards.

Finally, the information panel was paired with information from
wo health insurers that offer the compulsory insurance as well as
he supplemental coverage. Information for the two insurers is used
o identify whether individuals benefited from supplemental cov-
rage or not.16 This information was available for the years 2010
nd 2011. In short, we build a panel database that contains infor-
ation on an individual level for each of the health expenses paid

y the compulsory coverage along with related diagnoses, demo-
raphic information of the individual and whether they benefited
rom supplemental coverage.

The total for matched individuals between the base obtained
rom SISPRO and the contents of the membership status for
upplemental health insurance was 484,005 individuals (6.4% of

ontributors in Colombia in 2011), which corresponds to the total
f dues-paying members of the two health insurers included.
rom the UPC database we identify the cost of services used, the

14 SISPRO handles quality standards and information validation, allowing for relia-
ility with respect to those reported in each of the databases that SISPRO uses. More

nformation: http://www.sispro.gov.co/
15 BDUA refers to the Base de Datos Única de Afiliados; PILA to the Planilla Integrada
e  Pago de Aportes; and UPC to the Unidad de Pago por Capitación.
16 The match between the two databases was performed for affiliated contrib-
tors; that is to say, beneficiaries were not included in the final database. The
embers of the contributory system are divided into contributors (the workers who

re deducted a percentage of their salary for health) and beneficiaries (those who
re  economically dependent on the contributor, usually a spouse and/or children).
h Economics 56 (2017) 317–329

frequency of use between inpatient and outpatient services, the
diagnosis associated with the services used and whether the indi-
vidual is affiliated with supplemental coverage or not. In addition,
the frequency of use of primary and secondary prevention ser-
vices (cervical Pap smear, mammogram, PSA measurement and
vaccination) are characterized by the codes of the Unified Clas-
sification of Health Procedures (CUPS). We  use the International
Statistical Classification of Diseases and Related Health Problems
10th Revision (ICD-10) to identify the diagnostics included. We  use
the codes for high blood pressure (hypertension), chronic kidney
disease (CKD), diabetes mellitus (DM), cancer, pneumonia, urinary
tract infection (UTI), preeclampsia, gastrointestinal disease, upper
respiratory tract infection (URTI), chronic obstructive pulmonary
disease (COPD), asthma and mental illness.

3.2. Descriptive statistics

As shown in Table 1, 3.17% of contributing members bought sup-
plemental coverage. In general, the average age of the population
was 37 years, being higher in affiliates of supplemental coverage (43
years on average). Likewise, there are more women than men  in the
study population. 40% of individuals in the database are female but
this proportion is higher for individuals with supplemental cover-
age (54%). The average income is close to the legal minimum wage
but is higher (17%) for individuals who  benefit from supplemental
coverage. In the Appendix A, we give more information about these
variables.

It is also observed that small differences exist in the proportion
of individuals with diseases between the groups with and without
supplemental coverage, although there are proportionally fewer
people with chronic diseases that are affiliated with supplemental
coverage. This finding is due to the restrictive policy of supple-
mental coverage insurance companies for the enrollment of people
with a pre-existing condition. Additionally, both the average con-
sumption of health services (both ambulatory and hospital) and
the average cost of services are higher in individuals affiliated with
supplemental coverage (frequency of ambulatory services is 3.82
higher; frequency of hospital services is 1.2 higher; and average
cost is 1.23 higher).

Finally, the proportion of individuals who  have a Pap smear,
mammography or PSA test is greater in the sample with
supplemental coverage. Specifically, 1.2% of individuals with sup-
plemental coverage have a Pap smear, 7.5% mammography and
8.4% PSA, while 0.3% have a Pap smear, 3.8% mammography and
3.9% PSA in the sample without supplemental coverage. Regarding
vaccination, individuals can use different classes of vaccines. The
use of vaccines depends on individual conditions, like pregnancy,
previous exposure to a vaccine or infectious agent, work related
exposure, chronic diseases, and so on. The descriptive information
shows that 8.6% (n = 195,558) of the women  use vaccines compared
to 1.07% (n = 288,447) of the men. This difference is explained by
the fact that pregnant women need to receive certain vaccines.17

In particular, the average of frequency of vaccination use by indi-
viduals with supplemental coverage is 0.011 (SD 0.142), while this
average is 0.030 (SD 0.254) in the sample of individuals without
supplemental coverage (Table 1). Additionally, 63.3% of the women
(who use vaccines) have received the Tetanus and Diphtheria vac-

cine, 23.8% the Flu vaccine (Influenza) and 12.9% other vaccines. In
men, 75.8% have received the Flu vaccine, 8.4% the Yellow Fever
vaccine, 3.9% Pneumococcal vaccines and 11.9% other vaccines.

17 See “Guidelines of the Colombian Health Ministry”. Available at: http://gpc.
minsalud.gov.co/gpc sites/Repositorio/Conv 500/GPC embarazo/gpc embarazo.
aspx

http://www.sispro.gov.co/
http://www.sispro.gov.co/
http://www.sispro.gov.co/
http://www.sispro.gov.co/
http://www.sispro.gov.co/
http://www.sispro.gov.co/
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_embarazo/gpc_embarazo.aspx
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_embarazo/gpc_embarazo.aspx
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_embarazo/gpc_embarazo.aspx
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_embarazo/gpc_embarazo.aspx
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_embarazo/gpc_embarazo.aspx
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_embarazo/gpc_embarazo.aspx
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_embarazo/gpc_embarazo.aspx
http://gpc.minsalud.gov.co/gpc_sites/Repositorio/Conv_500/GPC_embarazo/gpc_embarazo.aspx
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Table  1
Descriptive statistics of individuals.

Total Supplemental health insurance

Yes No

Average SD Average SD Average SD P-value

Age 37,14 11,88 43,07 12,22 36,94 11,82 0.000
Female 0,40 0,49 0,54 0,50 0,40 0,49 0.000
Average monthly income 2010 589.296,90 692.114,90 684.314,70 989.596,60 585.999,70 679.221,00 0.000
HT  0,10 0,31 0,09 0,29 0,10 0,31 0.000
CKD  0,01 0,08 0,00 0,05 0,01 0,08 0.000
DM  0,02 0,15 0,03 0,16 0,02 0,14 0.000
Cancer 0,02 0,13 0,01 0,12 0,02 0,13 0.000
Pneumonia 0,01 0,08 0,01 0,07 0,01 0,08 0.107
UTI  0,06 0,24 0,05 0,21 0,06 0,24 0.000
Preeclampsia 0,00 0,05 0,00 0,02 0,00 0,05 0.000
Gastrointestinal disease 0,12 0,32 0,14 0,35 0,12 0,32 0.000
HRTI  0,06 0,24 0,04 0,20 0,06 0,25 0.000
COPD 0,01 0,10 0,01 0,11 0,01 0,10 0.023
Asthma 0,01 0,12 0,01 0,10 0,01 0,12 0.000
Mental disorder 0,00 0,05 0,00 0,05 0,00 0,04 0.035
Use  of hospital services 2011 0,48 8,96 1,70 16,49 0,44 8,60 0.000
Use  of ambulatory services 2011 8,21 12,25 9,87 14,67 8,16 12,16 0.000
Use  of hospital services 2010 0,42 9,37 1,78 33,79 0,38 7,29 0.000
Use  of ambulatory services 2010 7,43 11,19 9,09 13,93 7,37 11,08 0.000
Spending 2010 486.469,30 4.399.673,00 597.543,00 3.730.686,00 482.646,30 4.420.851,00 0.002
Spending 2011 557.202,50 4.123.044,00 672.578,60 2.949.511,00 553.231,30 4.157.489,00 0.001
Pap  smear 0.003 0.063 0.012 0.115 0.003 0.060 0.000
Mammography 0.039 0.201 0.075 0.270 0.038 0.198 0.000
PSA  0.041 0.238 0.084 0.366 0.039 0.232 0.000
Vaccination 0.029 0.251 0.011 0.142 0.030 0.254 0.000
Observations 484.005 15.376 468.629

SD: Standard Deviation; HT: Hypertension; CKD: Chronic Kidney Disease, DM;  Diabetes Mellitus; UTI: Urinary Tract Infection; URTI: Upper Respiratory Tract.
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cian, but not by the insurer and that is correlated with both insurance
coverage and risk occurrence indicates the presence of asymmetric
nfection; COPD: Chronic Obstructive Pulmonary Disease.
-statistic for joint test of regression = 214.10 (p = 0.000).
he Appendix A has the description for all variables.

. Empirical strategy

This paper aims to identify the nature of the selection that dom-
nates in the voluntary health insurance market in Colombia. To
his end, we first apply the same empirical strategy as Fang et al.
2008). Nevertheless, due to the fact that health spending is linked
o the price that the insurer pays each provider, and that this price
s affected by many factors that cannot be observed, the previous
onsumption of health services is considered. We  assume that the
requency of healthcare consumption in 2011 is a function of having
ought supplemental coverage, socio-demographic characteristics,
ealth status and previous health consumption of the individual.
sing ordinary least squares, we estimate the following equation:

i,t = ˇ0 + ˇ1MPi,t + ˇ2Xi + ˇ3Dxi + ˇ4Yi,t−1 + �i, (1)

here Yi,t is the consumption of health services for individual i for
011, which is measured in frequency use, MPi,t is a dichotomous
ariable that indicates whether the individual is affiliated or not in
011 to a supplemental coverage and Xiis a vector of the individ-
al’s characteristics. In particular, Xiincludes age and gender, which
onstitute the individual characteristics used by health insurers
or pricing.18 Dxi measures the state of health of the individual
hrough the diagnosis of certain trace pathologies. More specifi-
ally, Dxi includes chronic pathologies sometimes used by insurers

o avoid the enrollment of individuals characterized by some pre-
xisting medical conditions, and other acute pathologies. Yi,t−1is
he frequency of healthcare consumption in the previous year. It is
orth noting that Yi,t−1 is available to the econometrician but is not

18 Additionally, Xi includes variables observed but not used by the insurer, like
unicipality of residence and monthly income.
observed, or at least not used, by health insurers for pricing.19 In
this estimation, our parameter of interest is ˇ1. Its sign determines
the correlation between having bought supplemental coverage and
the consumption of health services.

Next, we estimate the following equation:

Ln

(
Pr(MPi,t = 1)

1 − Pr(MPi,t = 1)

)
= ˛0 + ˛1Dxi,t−1 + ˛2Pi,t−1

+˛3Yi,t−1 + ˛4Xi + εi, (2)

where Pr(MPi,t = 1) is the probability that the individual is affili-
ated to supplemental coverage and Xi is the same variable as in (1).
Dxi,t−1 and Yi,t−1 also denote the same variables as in (1), but taken
in t-1.  Pi,t−1, which is not observed by health insurers, measure the
activities of primary and secondary prevention that the individual
performs during the previous year.20 Thus Eq. (2) is twofold: i) it
allows us to identify the nature of the existing selection ruling out
the presence of moral hazard; ii) it describes the characteristics of
individuals who  purchase supplemental insurance. The estimation
for (2) is performed using a logit model.

As pointed out in Finkelstein and Mc  Garry (2006), “conditional
on the information set used by the insurance company, the existence
of any individual characteristic that is observed by the econometri-
information. This result is true regardless of the sign of the correla-

19 In section 5.4, we perform the modified positive correlation test suggested in
Finkelstein and Poterba (2014) in order to take into account the possibility that
health insurers observe but does not use this variable.

20 Through information regarding services consumed, four types of service related
to activities of primary and secondary prevention were identified: vaccination ser-
vices, PSA, mammography and Pap smear.
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23 The coefficient in column 8 is significant at p < 0.2.
24 An alternative interpretation would be a selection on moral hazard, as seen

in  Einav et al. (2013). For hospital services, it would be unlikely that individuals
consume more medical services in 2010 simply due to supplemental coverage in
22 D. Bardey, G. Buitrago / Journal o

ion.” Beyond the fact that Eq. (2) allows us to rule out moral hazard
ffects, we take advantage of some of the information related to
revention activities undertaken by individuals in order to identify
arious channels that explain the selection nature at work in the
upplemental health insurance market.

. Results

This section presents the results of the empirical estimation and
s divided into three sub-sections. The first shows the results related
o the estimation of Eq. (1), which represents the positive corre-
ation test (Chiappori and Salanié, 2000). The second sub-section
escribes the effects of the relationship between health status and
onsumption in the previous year on membership to supplemental
overage (Eq. 2). The third sub-section presents the characteris-
ics of individuals who buy supplemental coverage, especially those
elated to the activities of primary and secondary prevention. The
ourth sub-section provides a series of robustness checks in order
o strengthen our interpretation.

.1. Correlation test

Following Fang et al. (2008), Table 2 presents the estimation
f Eq. (1) using ordinary least squares where the dependent vari-
ble is the frequency of healthcare services consumption. The
oefficient associated with having bought supplemental cover-
ge in 2011 remains positive despite the inclusion of individuals’
haracteristics used for pricing (coefficient = 0.719, p < 0.01) and
ther variables perhaps observed, but not used by health insur-
rs. Regarding the other coefficients, these are generally consistent
etween different estimates (coefficient = 0571, p < 0.01); the pres-
nce of diseases correlates with increased consumption frequency
f health services, and the same occurs for age and being female. At
rst glance, these results suggest the presence of adverse selection.

However, as eloquently pointed out in Chiappori and Salanié
2000), one has to be cautious before concluding that adverse selec-
ion exists.21 In particular, the aforementioned authors argue that
his positive correlation may  be caused by nonlinearities in either
he pricing schedule or the accident probabilities. Such nonlinear-
ties imply that the linear functional forms are a valid test only in a
omogeneous population.

Another usual difficulty where a positive correlation is obtained
or health insurance contracts is that some moral hazard may  also
e present. Even though this difficulty remains true in general,
he magnitude of ex post moral hazard found in several empirical
orks dealing with health insurance requires that this concern be

ackled.22

In the subsequent sections we perform several tests in order to
orroborate adverse selection. First, we take advantage of our panel
imension to disentangle moral hazard behaviors from the adverse
election phenomenon (Section 5.2). Second, thanks to various data
elated to prevention decisions undertaken by policyholders, we
ttempt to determine the channels that may  underlie this adverse
election result (Section 5.3). Third, we subject our results to addi-
ional robustness checks: i) we resume our linear estimation that
e restrict to more homogeneous groups, and ii) we take advantage

f unused observable information to perform the modified cor-

elation test suggested in Finkelstein and Poterba (2014) (Section
.4).

21 “In other words, we believe that a negative conclusion, like the one we get, is probably
uch more robust than any positive finding could be.”  Chiappori and Salanié (2000).

22 See for instance Vera-Hernandez (2003).
h Economics 56 (2017) 317–329

5.2. Nature of the selection

Ex post moral hazard corresponds to the increase of health
expenditure and the increase in frequency of use of healthcare
caused by health insurance coverage (Pauly, 1968). Because we
observe individuals before they purchase supplemental insurance,
we can rule out moral hazard effects. Thus the sign associated with
Yi,t−1 in Eq. (2) determines which type of selection is predominant
in the supplemental health insurance market.

Table 3 presents the estimation of Eq. (2) to show the correlation
between the frequency of use of healthcare services in the period
preceding membership year (in 2010) and the probability of enroll-
ment to supplemental coverage during 2011. This estimate allows
us to eliminate the effect of moral hazard (increased consumption
of services frequency after insuring), so that the whole sample is
used (panel A − left) and the sample excludes individuals who had
supplemental health insurance in 2010 (panel B − right).

We observe that the frequency of use of hospital services in 2010
is positively correlated with the purchase of supplemental cover-
age in 2011 for all models. More precisely, the increase in one unit
of hospital services consumption frequency in 2010 from the mean
increases the probability of enrollment to supplemental coverage in
2011 by 0.006 percentage points (pp) (p = 0.000) for the full sam-
ple of individuals (marginal effect (ME) of parameter in column
4), while this effect is equal to 0.008 pp (p = 0.000) for individuals
who did not have supplemental coverage in 2010 (ME  in column
8). Again, it is worth noting that the former coefficient may  include
some moral hazard effect due to individuals that benefit from sup-
plemental coverage in 2010, while the latter is free from moral
hazard and only indicates the selection nature.

Additionally, in the models that include all control variables
(columns 4 and 8) the frequency of use of ambulatory services
is positively correlated with the purchase of supplemental cover-
age in 2011.23 In particular, the increase in one unit of ambulatory
services consumption frequency in 2010 from the mean increases
the probability of enrollment to supplemental coverage in 2010
by 0.004 pp (p = 0.02) (ME  in column 4). Finally, pathologies are
negatively related to the purchase of supplemental insurance. As
mentioned above, this is explained by the fact that health insurers
use some chronic pathologies as pre-existing medical conditions to
protect themselves against adverse selection.

All in all, this finding suggests the presence of adverse selec-
tion, where individuals have private information that insurers
cannot observe and which increases the likelihood of insurance
purchase.24 This result is consistent despite the presence of pre-
existing medical conditions applied by the health insurers. Thus
from this result we  may  conclude that risk selection strategies
implemented by health insurers through pre-existing medical con-
ditions are not sufficient by themselves in preventing adverse
selection.
2011, since individuals do not really have decision-making power over the frequency
of  hospital services consumed. In contrast, the selection on moral hazard is a more
plausible interpretation for ambulatory services consumption. Nevertheless, even
though we find that the frequency of use of ambulatory services in 2010 is positively
correlated with the purchase of supplemental coverage in 2011 on the one hand, and
that the frequencies of use of ambulatory services in 2010 and 2011 are positively
correlated on the other hand (Table 2, column 8, panel B), we cannot establish that
we  have moral hazard in ambulatory healthcare consumption in 2011. Therefore,
we prefer to maintain our more conservative interpretation of adverse selection.
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Table  2
Effect of Supplemental Health Insurance (SHI) on the frequency of use of healthcare services (Eq. (1)).
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obust standard errors *** p < 0.01, ** p < 0.05, * p < 0.1.
HI: Supplemental Health Insurance; AMI: Average Monthly Income; HT: Hyperten
RTI:  Upper Respiratory Tract Infection; COPD: Chronic Obstructive Pulmonary Dis

.3. Activities of prevention

Now that our adverse selection results seem to be confirmed by
stimations presented in Section 5.2, we attempt to identify some
otential channels. Table 4 shows the association of the activities
f primary and secondary prevention of individuals in the previ-
us year with the chance to buy supplemental health insurance in
011. This analysis is performed for the sample of men  and women
eparately due to prevention activities being related exclusively
o gender. It is noted that, controlling for socio-demographic and

ealth characteristics, in 2010 practicing one cervical Pap smear
r having the PSA test (secondary prevention) are correlated with
n increased likelihood of buying supplemental health insurance
CKD: Chronic Kidney Disease, DM; Diabetes Mellitus; UTI: Urinary Tract Infection;

in 2011 (columns 1–8). More precisely, the use of the Pap smear
in 2010 increases the probability of buying supplemental health
insurance in 2011 in 2.10 pp (p = 0.000) (ME  in column 6), while
PSA increases the probability in 2.76 pp (p = 0.000) (ME  in column
8). This finding contrasts with that of vaccination (primary pre-
vention), where vaccination is correlated with a decrease in the
probability of buying supplemental health insurance in the previ-
ous year.

Regarding the relation between secondary prevention activities
and the decision to buy supplemental health insurance, it must be

said that, at this stage, two interpretations remain plausible. On
the one hand, secondary prevention activities may  indicate indi-
viduals’ risk aversion. In other words, individuals characterized by
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Table 3
Characteristics of individuals who had Supplemental Health Insurance (SHI) in 2011 (Equation (2)).
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the probability in 0.04 pp (p = 0.001) (ME  in column 4).25 The results
presented in Panel B (right) go into the same direction: a posi-
tive correlation between secondary prevention activities (PSA and
obust standard errors *** p < 0.01, ** p < 0.05, * p < 0.1.
HI: Supplemental health insurance; AMI: Average Monthly Income; HT: Hyperten
RTI: Upper Respiratory Tract Infection; COPD: Chronic Obstructive Pulmonary Dis

igher risk aversion levels may  have a higher willingness to buy
upplemental health insurance and, for the same reason, they may
e more engaged in secondary prevention activities. On the other
and, it is likely that individuals who have received a signal that

ndicates that they may  face a higher health risk are more willing
o opt for secondary prevention activities. While in the first case
econdary prevention activities can be viewed as a proxy for risk
version; the second case constitutes a channel by which to explain
ur adverse selection outcome.

We  thus explore the relation between secondary prevention
ctivities and health risk occurrence. To do this, we estimate the
orrelation between secondary prevention activities consumed
uring 2010 and individuals’ health risk occurrence in 2011. To
pproximate individuals’ health risk occurrence we use two  vari-
bles: the probability of being hospitalized in the intensive care

nit (ICU) and the number of days spent in hospital. For the first
ariable we apply a logit model, while the second dependent vari-
ble is treated through a standard OLS. Moreover, we  perform these
wo estimations for individuals who did not present chronic disease
CKD: Chronic Kidney Disease, DM;  Diabetes Mellitus; UTI: Urinary Tract Infection;

during 2010 (i.e. for individuals who were not characterized by a
severe health risk while they were consuming secondary preven-
tion activities), and for individuals without supplemental coverage.

Table 5 presents the estimation of the logit and OLS models,
respectively. In panel A (left), we  find that individuals who con-
sume secondary prevention activities during 2010 (Pap smear for
women and PSA for men) are more likely to be hospitalized in ICU
services in 2011. More precisely, the use of the Pap smear in 2010
increases the probability of admission to ICU services in 2011 in
0.29 pp (p = 0.000) (ME  in column 3) and the use of PSA increases
25 As expected, the sign of the correlation is negative for primary prevention (we
restricted the estimation for women due to the low variation of vaccination services
for men). The higher the frequency of vaccination during 2010, the lower is the
probability of being hospitalized in emergency services in 2011.
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Table  4
Activities of primary and secondary prevention in 2010 and relation to supplemental health insurance purchase in 2011.

Panel A. FULL SAMPLE Panel B. Sample without individuals who had
supplemental health insurance in 2010

FEMALES MALES FEMALES MALES

(1) (2) (3) (4) (5) (6) (7) (8)

Pap smear 2010 0.824*** 0.783*** 0.908*** 0.885***
(0.0737) (0.0747) (0.0865) (0.0876)

Mammography 2010 −0.0529 −0.0397 −0.0870* −0.0558
(0.0350) (0.0357) (0.0487) (0.0497)

PSA  2010 0.255*** 0.286*** 0.231*** 0.276***
(0.0269) (0.0282) (0.0390) (0.0406)

Vaccination 2010 −0.946*** −0.857*** −0.313** −0.0278 −1.002*** −0.919*** −0.106 0.119
(0.106) (0.102) (0.157) (0.145) (0.125) (0.122) (0.190) (0.184)

Age  0.0300*** 0.0362*** 0.0410*** 0.0493*** 0.0132*** 0.0190*** 0.0276*** 0.0349***
(0.00103) (0.00116) (0.00125) (0.00135) (0.00133) (0.00150) (0.00159) (0.00171)

AMI  2010 0.985*** 0.933*** 0.868*** 0.809*** 1.265*** 1.214*** 1.064*** 1.011***
(0.0399) (0.0399) (0.0424) (0.0427) (0.0458) (0.0458) (0.0496) (0.0499)

Hospital services 2010 0.00608*** 0.00333*** 0.00528*** 0.00341***
(0.000869) (0.000742) (0.000977) (0.000799)

Ambulatory services 2010 0.00389*** 0.00292* 0.00165 0.000742
(0.00110) (0.00162) (0.00158) (0.00217)

Constant −17.26*** −16.69*** −16.74*** −16.18*** −20.72*** −20.11*** −19.20*** −18.68***
(0.538) (0.537) (0.566) (0.570) (0.619) (0.619) (0.662) (0.665)

Municipality control YES YES YES YES YES YES YES YES
Diagnosis control NO YES NO YES NO YES NO YES
Observations 140,476 140,476 170,561 170,561 132,879 132,879 165,248 165,248

Robust standard errors *** p < 0.01, ** p < 0.05, * p < 0.1.
AMI: Average Monthly Income; PSA: Prostate-Specific Antigen.

Table 5
Activities of primary and secondary prevention and relation to probability of admission to ICU and days of hospital stay in 2011.

Panel A. ICU ADMISSION IN 2011 Panel B. HOSPITAL STAY IN 2011

FULL SAMPLE Sample without individuals
who  had supplemental health
insurance

FULL SAMPLE Sample without individuals
who had supplemental health
insurance

(1) (2) (3) (4) (5) (6) (7) (8)

Pap smear 2010 0.948*** 1.013*** 0.121*** 0.127***
(0.204) (0.227) (0.0418) (0.0444)

Mammography 2010 −0.213 −0.0279 0.0120 0.0271
(0.196) (0.205) (0.0261) (0.0289)

PSA  2010 0.288*** 0.314*** 0.0657*** 0.0556***
(0.0773) (0.0940) (0.0157) (0.0168)

Vaccination 2010 −0.585** −0.654** 0.000829 −0.0236*** −0.0310*** −0.0210***
(0.244) (0.285) (0.0335) (0.00392) (0.00449) (0.00398)

Age  −0.0144** 0.0479*** −0.0187*** 0.0451*** 0.00170** 0.00222*** 0.00121** 0.00167***
(0.00589) (0.00489) (0.00660) (0.00522) (0.000713) (0.000288) (0.000614) (0.000286)

AMI  2010 0.0670 −0.338 0.0112 −0.268 −0.00734 0.124 −0.0202 0.140
(0.194) (0.222) (0.237) (0.241) (0.0175) (0.0979) (0.0134) (0.109)

Constant −6.090** −3.949 −5.298* −4.791 0.126 −1.686 0.304* −1.882
(2.560) (2.949) (3.131) (3.196) (0.236) (1.297) (0.176) (1.441)

Municipality control YES YES YES YES YES YES YES YES
Diagnosis control YES YES YES YES YES YES YES YES
Observations 127,573 202,778 116,657 192,309 127,629 203,550 116,708 193,990

Robust standard errors in parentheses
*** p < 0.01, ** p < 0.05, * p < 0.1
AMI: Average Monthly Income; PSA: Prostate-Specific Antigen.
Panel A. Logit model for probability to admission to ICU in 2011.
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willing to undertake secondary prevention actions,26 the positive
correlation between the use of secondary prevention services and
the purchase of supplemental insurance indicates the presence
anel B. OLS model for days of hospital stay in 2011.
olumns 1, 3, 5 and 7: sample of women.
olumns 2, 4, 6 and 8: sample of men.

ytology) and the number of days spent in hospital on the one hand,
nd a negative correlation with primary prevention activities on the
ther hand.

Again, these findings corroborate the result of adverse selec-
ion: health insurers do not observe the frequency of secondary

revention consumption before the supplemental health insur-
nce purchase, that is to say, this information is only known by
he individual before affiliation to supplemental insurance. Since
ndividuals with some predispositions for some diseases are more
26 For example, consider a case where the individual has a family history of prostate
cancer or uterine cervical cancer. This signal makes the individual more prone to the
use  of secondary activities for prevention to aid in early detection, thus allowing for
more effective treatment.
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f adverse selection. Furthermore, in the case of positive results,
nowledge of the results of these tests can also make the individuals
ore prone to affiliation with broader coverage.27

.4. Additional robustness checks

In this section we provide some robustness checks in order to
heck our adverse selection results – both applied to the estimation
f Eq. (2). First, we restrict this estimation to more homogeneous
roups. Second, we take advantage of some observable but unused
ariables to perform the modified positive correlation test sug-
ested in Finkelstein and Poterba (2014).

.4.1. Homogeneous groups
According to Chiappori and Salanié (2000), when one obtains

 positive correlation result, it is prudent to perform this test on
omogeneous groups before concluding that asymmetric infor-
ation is present. Thus we run the same estimation for more

omogenous groups according to age and gender. Regarding the
ge variable, we consider two groups: group-1 for individuals
etween 18 and 50 years, and group-2 for individuals older than
0 years.28

Table 6 presents the results of the same estimation as in Table 3
Eq. (2)), but this time applied to group-1 (panel A – left) and group-

 (panel B – right). Again, the parameter of interest is associated
ith the frequency of use of hospital services during 2010. In all
odels, this estimator remains positive and statistically significant
ith a stronger effect for women. More precisely, the marginal

ffect of the frequency of use of hospital services in 2010 on the
robability of being affiliated to supplemental insurance is 0.016
p (p = 0.000) (column 2) for women in the full sample, while this
arginal effect is equal to 0.015 pp (p = 0.000) for women with-

ut supplemental insurance in 2010 (column 5). For men, these
wo marginal effects are equal to 0.004 pp (p = 0.042) (column 3)
nd 0.006 pp (p = 0.000) (column 6), respectively. Additionally, we
bserve that these marginal effects are stronger for group-1 (panel
) than for group-2 (panel B).

These results corroborate our findings obtained in Section 5.2.:
uling out moral hazard effects and considering more homogeneous
roups, individuals characterized by a higher probability of buying
upplemental coverage in 2011 tend to consume with higher fre-
uency hospital services during 2010. Again, these results are in

ine with an adverse selection interpretation.
Table 7 replicates the estimation of Table 4 for individuals with-

ut a previous chronic disease during 2010 and exhibits these
stimations for the individuals of group-1 (panel A) and group-

 (panel B). Our parameters of interest are those associated with
econdary prevention (Pap smear and PSA). As in Table 4, these
arameters are positive and statistically significant. More precisely,
e observe that the marginal effect of use of Pap smear in 2010 on

he probability of buying a supplemental coverage in 2011 is lower
or group-1 than for group-2: 2.1 pp versus 4.4 pp, respectively (col-
mn  3 versus column 7). Nevertheless, for men, this difference is

uch smaller (0.62 pp versus 0.68 pp, respectively).
Again, these findings corroborate the channel depicted in Sec-

ion 5.3 to sustain our adverse selection interpretation; that is, for

27 Moreover, when primary prevention activities are positively correlated with the
urchase of insurance, this indicates the existence of advantageous selection (lower-
isk  individuals are those who  prefer higher coverage), on the other hand negative
orrelation indicates adverse selection. We find that the correlation between vac-
ination in the previous year and supplemental health insurance remains negative
cross all estimates.
28 We apply 50 years as the threshold due to the fact that guidelines recommended
y  the Colombian Health Ministry use it for PSA and cytology. See (in Spanish):
ttp://gpc.minsalud.gov.co/SitePages/default.aspx Ta
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Table  7
Activities of primary and secondary prevention in 2010 and relation to supplemental health insurance purchase in 2011 in individuals who did not present chronic disease
during  2010 according to age.

Panel A. Individuals between 18 and 50 years old Panel B. Individuals over 50 years

Full sample Sample without individuals
who had supplemental health
insurance in 2010

Full sample Sample without individuals
who  had supplemental health
insurance in 2010

(1) (2) (3) (4) (5) (6) (7) (8)

Pap smear 2010 0.783*** 0.819*** 0.999*** 1.281***
(0.0938) (0.110) (0.206) (0.246)

Mammography 2010 0.0213 −0.0126 0.0146 −0.108
(0.0655) (0.0824) (0.0573) (0.0868)

PSA  2010 0.562*** 0.468*** 0.266*** 0.240***
(0.0578) (0.0743) (0.0385) (0.0569)

Vaccination 2010 −0.829*** 0.0676* −0.863*** 0.0838** −1.557*** −0.729* −1.876* −1.170*
(0.118) (0.0398) (0.141) (0.0415) (0.559) (0.442) (0.977) (0.650)

Age  0.0382*** 0.0535*** 0.0268*** 0.0436*** 0.0242*** 0.0364*** −0.0185** 0.00679
(0.00193) (0.00206) (0.00227) (0.00243) (0.00402) (0.00407) (0.00718) (0.00639)

AMI  2010 0.815*** 0.654*** 1.030*** 0.776*** 1.016*** 0.610*** 1.483*** 0.818***
(0.0443) (0.0401) (0.0493) (0.0447) (0.0801) (0.0570) (0.103) (0.0681)

Hospital services 2010 0.00909*** 0.00506** 0.00809*** 0.0112*** 0.00456** 0.00223* 0.00463* 0.00396
(0.00180) (0.00246) (0.00181) (0.00404) (0.00206) (0.00115) (0.00255) (0.00275)

Ambulatory services 2010 0.00211 −0.00716* 0.00174 −0.00890** 0.00777*** 0.0129*** 0.0100*** 0.0144***
(0.00186) (0.00366) (0.00232) (0.00418) (0.00179) (0.00225) (0.00252) (0.00293)

Constant −15.19*** −14.27*** −17.95*** −15.87*** −17.25*** −12.95*** −21.80*** −14.69***
(0.592) (0.530) (0.661) (0.589) (1.118) (0.805) (1.490) (0.999)

Municipality control YES YES YES YES YES YES YES YES
Diagnosis control YES YES YES YES YES YES YES YES
Observations 108,218 175,363 103,218 171,343 19,275 28,005 17,213 25,902

Robust standard errors in parentheses
*** p < 0.01, ** p < 0.05, * p < 0.1
AMI: Average Monthly Income; PSA: Prostate-Specific Antigen.
Panel A. Logit model for probability to SHI purchase in 2011 in individuals between 18 and 50 years old.
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anel  B. Logit model for probability to SHI purchase in 2011 in individuals over 50 y
olumns 1, 3, 5 and 7: sample of women.
olumns 2, 4, 6 and 8: sample of men.

ndividuals without chronic disease, the probability of buying sup-
lemental coverage in 2011 increases in the secondary prevention
ctions undertaken during 2010.

.4.2. Testing for asymmetric information using unused
bservables (Finkelstein and Poterba, 2014)

As we pointed out in Section 2, where we describe the Colom-
ian healthcare system, it is reasonable to think that some variables
re observable by health insurers who choose not to use them in
ricing. Thus we perform the modified positive correlation test
uggested in Finkelstein and Poterba (2014) in order to take into
ccount this slightly modified information structure. According to
hese authors, this modified positive correlation test consists in
sing variables that are both demand-related and correlated with

ndividuals’ health risk.
It is plausible that the frequency of use of hospital services dur-

ng 2010 satisfies this condition. Indeed, since individuals usually
uy their mandatory and supplemental coverage from the same

nsurer, it is likely that this information is available and costless
or health insurers. This modified positive correlation test involves
wo estimations.29 The first estimates the correlation between fre-

uency of use of hospital services in 2010 (observed but unused
ariable) and the probability of buying supplemental coverage in
011. The results of this first estimation are already provided in

29 Following Finkelstein and Poterba (2014), the unused observables test can
e  formalized using the following equations: (1) Ci = Xi  ̌ + Wi� + εi; and (2)
i = Xi� + Wiı + �i; where Xi denotes the attributes that are used to assign a potential
nsurance buyer to a risk class, Ci denotes the demand for insurance coverage,Li

enotes risk of loss and Wi denotes an unused observable variable. Rejecting
 = 0, ı = 0 is equivalent to rejecting the null hypothesis of symmetric information.
Table 3, which exhibits positive and statistically significant coeffi-
cients (Columns 1–8).

The second equation estimates the correlation between an
unobserved variable and individual health risk. In Table 8 we
present the results obtained using an OLS regression that estimates
the correlation between the frequency of use of hospital services in
2010 and the same variable in 2011 (dependent variable). Again,
under this different specification we  obtain positive and statis-
tically significant coefficients (columns 1–8) that strengthen our
adverse selection interpretation.

6. Conclusions

Our results suggest that adverse selection is predominant in the
Colombian supplemental health insurance market. Our empirical
strategy allows us to rule out moral hazard effects. Our results
are corroborated by findings related to the behavior of individuals
through the consumption of secondary prevention. Risk selection
strategies used by insurers based on pre-existing medical condi-
tions do not prevent adverse selection when the risk adjustment
use for pricing does not incorporate some health status variables.

The nature of selection in the health insurance market (that is,
what kind of individuals are more likely to purchase insurance) is
of great importance for both the design of public policies related
to insurance and the optimal design of policies in the private sec-
tor. In particular, we believe that our results have two strong policy
implications. First, the adverse selection outcome implies that the
consumption of supplemental coverage is sub-optimal, and that

potential government intervention that encourages supplemen-
tal coverage consumption would be a step in the right direction.
However, though our insights indicate the direction for a welfare-
improving government intervention, we lack sufficient information
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Table 8
Positive correlation test with observable but unused variables.

Panel A. Full sample Panel B. Sample without individuals who had
supplemental health insurance in 2010

(1) (2) (3) (4) (5) (6) (7) (8)

Hospital services in 2010 0.204*** 0.203*** 0.192*** 0.190*** 0.214*** 0.214*** 0.194*** 0.191***
(0.0240) (0.0240) (0.0210) (0.0209) (0.0383) (0.0383) (0.0335) (0.0334)

Ambulatory services in 2010 0.0312*** 0.0303*** 0.0281*** 0.0211*** 0.0265*** 0.0265*** 0.0245*** 0.0184***
(0.00279) (0.00278) (0.00281) (0.00319) (0.00297) (0.00297) (0.00279) (0.00317)

SHI  2010 1.043*** 0.966*** 0.974***
(0.129) (0.128) (0.128)

Age 0.0123*** 0.0109*** 0.0105*** 0.00952***
(0.00196) (0.00207) (0.00196) (0.00205)

Female 0.148*** 0.143*** 0.186*** 0.182***
(0.0313) (0.0317) (0.0308) (0.0315)

AMI  2010 −0.0731 −0.0575 −0.0303 −0.0160
(0.0477) (0.0475) (0.0484) (0.0482)

Constant 0.165*** 0.136*** 0.605 0.447 0.160*** 0.160*** 0.115 −0.0348
(0.0169) (0.0171) (0.623) (0.620) (0.0161) (0.0161) (0.632) (0.630)

Municipality control NO YES YES YES NO YES YES YES
Diagnosis control NO NO YES YES NO NO YES YES
Observations 484,005 484,005 409,905 409,905 467,777 467,777 393,677 393,677
R-squared 0.049 0.049 0.048 0.049 0.034 0.034 0.030 0.032
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obust standard errors in parentheses
** p < 0.01, ** p < 0.05, * p < 0.1
HI: Supplemental Health Insurance.

o infer what would be the optimal supplemental health insurance
urchase.30

Second, and beyond the deadweight loss, supplemental health
nsurance purchase, subsidies for a more pragmatic budgetary
oncern is also present. As pointed out in Lopez-Nicolás and Vera-
ernandez (2008), it is important to determine if tax-subsidies

or supplemental health insurance are self-financing. The pres-
nce of adverse selection into supplemental coverage implies that
ubsidies to supplemental health insurance coverage reduce pub-
ic expenses, that is, they are self-financing (Buitrago and Bardey,
015). Thus, our adverse selection findings reinforce the idea that
he Colombian government should subsidize the purchase of sup-
lemental health insurance coverage.

Finally, the presence of adverse selection in the supplemental
ealth insurance market is a warning for the risk adjustment mech-
nism at work in the mandatory regime. Indeed, the set of variables
hat is used to calculate the capitation payment in the manda-
ory regime is very close to the set of variables applied by health
nsurers (that provide supplemental coverage) for pricing.31 The
dverse selection is not really an issue under a mandatory regime,
ince individuals are unable to escape from the risk pooling and,
n top of this, the package benefit is standardized. Nevertheless,
s shown in Castaño and Zambrano (2006), the risk concentration
s relatively high in the mandatory regime. In light of the adverse
election outcome found in the supplemental coverage, we recom-
end enriching the set of variables used in the risk adjustment
echanism applied to the mandatory regime. A richer risk adjust-
ent should lower the risk concenion in the mandatory regime, and

hereby reduce adverse selection in the supplemental coverage.
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Appendix A. Definitions of variables.

Supplemental Health Insurance (SHI): 1 if the individual has SHI,
0 otherwise.

Age: individual age in years.
Female: 1 if the individual is a women, 0 otherwise.
Average Monthly Income: Monthly income (in 2010 Colombian

pesos) reported to PILA.
Hypertension (HT): 1 if the individual has hypertension reported

in database of UPC, 0 otherwise.
Chronic Kidney Disease (CKD): 1 if the individual has CKD

reported in database of UPC, 0 otherwise.
Cancer: 1 if the individual has Cancer reported in database of

UPC, 0 otherwise.
Pneumonia: 1 if the individual has Pneumonia reported in

database of UPC, 0 otherwise.
Urinary Tract Infection (UTI): 1 if the individual has UTI reported

in database of UPC, 0 otherwise.
Preeclampsia: 1 if the individual has Preeclampsia reported in

database of UPC, 0 otherwise.
Gastrointestinal disease: 1 if the individual has gastrointestinal

disease reported in database of UPC, 0 otherwise.
High Respiratory Tract Infection (HRTI): 1 if the individual has

HRTI reported in database of UPC, 0 otherwise.
Chronic Obstructive Pulmonary Disease (COPD): 1 if the individ-

ual has COPD reported in database of UPC, 0 otherwise.
Asthma: 1 if the individual has asthma reported in database of

UPC, 0 otherwise.
Mental disorder: 1 if the individual has mental disorder reported

in database of UPC, 0 otherwise.
Use of hospital services: number of hospital services used (fre-

quency). The hospital services include drugs, diagnostic tests, days
of hospital stay, and others hospital procedures (like surgeries,

invasive procedures, etc.).

Use of ambulatory services: number of ambulatory services
used (frequency). The ambulatory services include drugs, diagnos-
tic tests, consultations, and others ambulatory procedures (like
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Vargas, I., Vasquez, M.-L., Mogollón-Peréz, A.-S., Unger, J.-P., 2010. ‘Barriers of
access to care in a managed competition model: lessons from Colombia’. BMC
Health Serv. Res. 10, 297.

Vera-Hernandez, M.,  2003. Structural estimation of a principal-agent model: moral
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mbulatory surgeries, invasive procedures, etc.). Does not include
mergency room services.

Spending: total cost of health services used (in 2010 Colombian
esos).

Pap smear: 1 if the individual use Pap smear, 0 otherwise.
Mammography: 1 if the individual use mammography, 0 other-

ise.
Prostate-specific antigen (PSA): 1 if the individual use PSA, 0

therwise.
Vaccination: number of vaccines used.
Intensive Care Unit (ICU) admission: 1 if the individual is admit-

ed to ICU, 0 otherwise.
Hospital Stay: numbers of days of hospital stay.
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