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Abstract Background: An ongoing debate exists about whether the US should adopt a

universal health insurance programme. Much of the debate has focused on

programme implementation and cost, with relatively little attention to bene-

fits for social welfare.

Objective: To estimate the effect on US population health outcomes, mea-

sured by mortality, of extending private health insurance to the uninsured,

and to obtain a rough estimate of the aggregate economic benefits of ex-

tending insurance coverage to the uninsured.

Method: We use state-level panel data for all 50 states for the period

1990–2000 to estimate a health insurance augmented, aggregate health pro-

duction function for the US. An instrumental variables fixed-effects esti-

mator is used to account for confounding variables and reverse causation

from health status to insurance coverage. Several observed factors, such as

income, education, unemployment, cigarette and alcohol consumption and

population demographic characteristics are included to control for potential

confounding variables that vary across both states and time.

Results:The results indicate a negative relationship between private insurance

and mortality, thus suggesting that extending insurance to the uninsured

population would result in an improvement in population health outcomes.

The estimate of the marginal effect of insurance coverage indicates that a 10%
increase in the population-insured rate of a state reduces mortality by

1.69–1.92%. Using data for the year 2003, we calculate that extending private

insurance coverage to the entire uninsured population in the US would save

over 75 000 lives annually and may yield annual net benefits to the nation in

excess of $US400 billion.

Conclusion: This analysis suggests that extending health insurance coverage

through the private market to the 46 million Americans without health in-

surance may well produce large social economic benefits for the nation as a

whole.
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Background

Over 46 million Americans, in excess of 16% of
the US population, are presently without health
insurance coverage. This has produced a vigor-
ous debate among healthcare policy analysts,
politicians and the general public about whether
the US should adopt a universal health insurance
programme. At the state level, Massachusetts
recently passed a law extending health insurance
to all residents, and more than a dozen other
states are considering similar plans.

Much of the debate on providing health in-
surance to the uninsured has focused on what it
would cost and what mechanism would be used
to extend coverage to the entire population.
Hadley and Holahan[1] estimated that adopting
universal coverage would increase annual health-
care spending by about 3–6%, depending on
whether it was implemented through a public or
private insurance programme. Most proposals
for implementation are variations of the Massa-
chusetts plan that provide coverage through the
market for private health insurance, with in-
dividual and employer mandates, and govern-
ment subsidies for the poor.

Surprisingly, potential benefits to social wel-
fare have received relatively little attention in the
universal insurance debate. Extending coverage
to the uninsured through private or public in-
surance potentially affects the quantity, quality
and efficiency of medical care utilization, and
therefore may well lead to improvements in popu-
lation health. To the extent that the uninsured
value health, better health results in consumption
benefits for society, and may also generate
production benefits through increased hours
worked, greater productivity, and therefore
higher levels of output, income and wealth.

The objective of this article is to investigate the
aggregate relationship between private health
insurance and health outcomes for the general
US population, and to extend previous work in
this area in an attempt to obtain a more accurate
and reliable estimate of the effect of insurance
coverage on mortality that is largely purged of
the influence of non-insurance determinants of
health and reverse causation. We then conduct

some ‘back of the envelope’ calculations to ob-
tain a rough estimate of the aggregate economic
benefits of extending insurance coverage to the
uninsured and compare this with existing mea-
sures of cost.

Methods

Analytical Framework

We present a simplified analytical framework
to guide specification of our empirical model and
interpretation of results. Our framework com-
prises structural equations for population health
status, medical care utilization and insurance
coverage, as shown in equations 1, 2 and 3:

H ¼ HðM; I;YÞ ðEq: 1Þ
M ¼ MðH; I;WÞ ðEq: 2Þ

I ¼ IðH;ZÞ: ðEq: 3Þ
The variables are defined as follows. Health sta-
tus, quantity of medical care services utilized, and
public and private health insurance variables are
designated by H, M and I, respectively. Socio-
economic, lifestyle, environmental and demo-
graphic factors affecting population health status
are designated by Y. The factors affecting the
aggregate supply and demand for medical care
are designated W, and Z represents factors af-
fecting the aggregate supply and demand for
health insurance coverage. One or more of the
same factors can appear in Y, W and Z.

We interpret equation 1 as an insurance-
augmented, aggregate health production func-
tion. If health insurance has quality or efficiency
effects on health, then an increase in coverage will
result in an upward shift of the production func-
tion, and therefore, for any given quantity of
medical care consumed, health status will improve.
Equation 2 describes the quantity of medical care
services utilized as the outcome of a supply and
demand process, where H and I shift the demand
curve and factors in W shift either the demand
or supply curve. Equation 3 indicates that the
number of people with health insurance coverage
is the outcome of a demand and supply process,
where H shifts the demand curve and variables in
Z shift either the demand or supply curve.
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Equations 1 and 2 indicate that insurance cover-
age has two potential effects on health: direct and
indirect. Expanded insurance coverage increases
the quality or efficiency of care, which directly
improves population health. An increase in in-
surance coverage also increases the quantity of
medical care, which indirectly improves health
through greater utilization of healthcare services.

Substituting equation 2 into equation 1 and
solving for H yields equation 4:

H ¼ fðI;XÞ ðEq: 4Þ
where X includes all factors in Y and W. We call
this a quasi reduced-form, aggregate health pro-
duction function because of the potential for H to
affect I. To analyse the effect of private insurance
coverage on population health outcomes, we es-
timate this form of the health production func-
tion using state-level panel data. We view X as a
vector of control variables. Our goal is to obtain
an accurate and reliable estimate of the effect
(both indirect and direct) of private insurance
coverage on mortality. Our framework illustrates
that, to identify the private health insurance ef-
fect and obtain a consistent estimate of its mag-
nitude, we need to find one or more variables in Z
not in X that can be used as instruments. Given
our approach, we cannot separately identify the
quantity and quality/efficiency effects of private
health insurance, and therefore our estimate of
the effect of private health insurance will capture
these two effects.1

Empirical Model

The empirical model that we use to estimate
the effect of private health insurance coverage on
population health is the quasi reduced-form,
health production function (equation 5):

Hit ¼ bIit þ aPit þ gXit þ lt þ mi þ eit ðEq: 5Þ

where i and t index state and year; Hit is mortality
measured by the crude death rate; Iit is the per-
centage of the population with private health
insurance coverage; Pit is a vector of public
health insurance variables, which includes Medi-
care and Medicaid coverage; Xit is a vector of
control variables; b, a and g are vectors of coef-
ficients of the variables; lt is a year-specific effect;
mi is a state-specific effect; and eit is an error term.
All variables are in logarithmic form, and there-
fore the aggregate marginal effect of private in-
surance coverage, b, is an elasticity. Medicare
and Medicaid are included as health insurance
controls so we can obtain an estimate of the effect
on mortality of moving uninsured to the insured
population.

It is well recognized in the health economics
literature that the causal effect of private health
insurance coverage on population health out-
comes is difficult to identify because of the pos-
sibility of reverse causation running from health
status to insurance. A compelling argument for
reverse causation is that states with unhealthy
populations demand more private insurance
coverage to finance necessary medical care
spending, which may lead to underestimation of
the health effect when using the ordinary least
squares (OLS) estimator. To obtain a consistent
estimate of the causal effect of private health in-
surance, we use two-stage least squares (2SLS)
estimation.

To identify the mortality effect of private in-
surance, it is necessary to find one or more vari-
ables that are correlated with private insurance
coverage (I) but not correlated with the error (e)
in equation 5. We choose two variables as in-
struments: firm size, measured as the percentage
of firms in a state with ‡20 employees; and
unionization, measured as the percentage of
workers in a state that belong to a union. We

1 To obtain separate estimates of the quantity and quality/efficiency effects of private health insurance would
require us to estimate equations 1 and 2. Almost all prior studies related to the benefits of extending health
insurance to the uninsured estimate some form of health production function (equation 1), not augmented for
health insurance, or the medical care utilization equation (2). We believe a major advantage of estimating the
quasi reduced-form, aggregate health production function (equation 4) is that it is easier to identify I than to
identify H in the medical care utilization equation (2), and particularly M in the structural health production
function (1).
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believe both variables should be positively
correlated with private insurance coverage; be-
cause most private health insurance is employ-
ment based, large firms are more likely than small
firms to offer such coverage to employees, and
union workers are more likely than non-union
workers to obtain such coverage through their
employers or union. Our instruments will capture
the portion of the variation in private health
insurance that results from employment-based
insurance, and therefore the effect we are identi-
fying is the employment-based, private health
insurance effect. This will be the effect of interest
if insurance coverage is extended to the uninsured
primarily through employer mandates.

We also have no good reason to believe that
either firm size or unionization has a direct effect
on health. However, we do acknowledge the
possible existence of a number of potential health
determinants that may be correlated with firm
size or unionization, such as income, education,
unemployment and manufacturing employment,
as well as other variables. Failing to account for
these factors may produce a correlation between
our instruments and the error term, and therefore
lead to bias in our instrumental variable estimate.
We attempt to control for these variables in two
ways. First, we include state and time effects that
control for health-related factors that vary across
states but are constant over time, and those that
vary over time but are constant across states.
These may include unobserved lifestyle, environ-
mental and population health stock factors.
Second, we include a relatively large number of
observed control variables (X) that vary across
states and over time in our health production
function specification. We also use the data to
assess the strength and validity of our instru-
ments. To do this, we estimate the reduced-form
equation for mortality with firm size and union-
ization as explanatory variables, and check if the
instruments are consistent with our prior ex-
pectations. We also calculate and report the
F-statistic for the null hypothesis that firm size
and unionization have no joint effect on private
insurance coverage in the first-stage regression.
Finally, we perform the usual test of over-
identifying restrictions.

Data and Measurement of Variables

The data we use in our analysis are state-level
panel data for all 50 states for the time period
1990–2000, resulting in 550 observations. Ap-
pendix A in the supplementary material (see
‘ArticlePlus’ at http://healtheconomics.adisonline.
com) provides a list of sources for all variables
included in our study. Table I provides de-
scriptive statistics for all variables in the model.

The dependent variable is the health status
of the aggregate population for each state,
measured as the annual number of deaths per
100 000 people. The crude death rate is interpreted
as an inverse index of health (states with lower
mortality rates have healthier populations) and,
like previous aggregate health studies, captures
the duration, but not the quality-of-life (QOL)
dimension of health.

The variable of interest in our study is private
health insurance, measured as the percentage of
the population covered. Private health insurance
includes employment-based health plans ob-
tained through an employer or union, and non-
employment-based health plans obtained from a
private company by an individual. The health
insurance data were collected by the US Census
Bureau[2] (see also the supplementary material).

To isolate the effect on health of extending
private health insurance coverage to the unin-
sured, we also include measures of the percentage
of the population covered by Medicare and
Medicaid. Unfortunately, our three health in-
surance measures are not mutually exclusive; that
is, some residents in a state may have more than
one type of health insurance coverage during a
given year. While no overlap exists between pri-
vate insurance and Medicaid, this is not true of
Medicare. Over 90% of Medicare recipients have
supplemental insurance, primarily from private
insurance companies or previous employers.[3]

Consequently, our measure of Medicare does not
control for variation in private insurance that
results when Medicare recipients in a state
obtain or drop supplemental private insurance.
However, we believe that year-to-year variation
in private insurance from this source will be re-
latively small, and therefore have little influence
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on our estimate. To examine the sensitivity of our
results, we also estimate our model using a
Medicare-adjusted measure of private health
insurance that subtracts from the rate of private
insurance coverage the percentage of the state
population with Medicare. This measure is un-
derstated by the percentage of Medicare re-
cipients without private supplemental insurance.

The non-insurance control variables included
in our model are factors that prior research sug-
gests may be important determinants of popula-
tion health status (Y in equation 1), healthcare
spending (W in equation 2) or both. These in-
clude the following. Income, measured as annual
personal income per capita in $US, year 2000
values. Income inequality, measured as the per-

centage of the population below the poverty level.
Education, measured by two variables: the per-
centage of the population aged ‡25 years with less
than a high school education, and the percentage
of the population aged ‡25 years with a high
school degree but without a bachelor’s degree.
Unemployment rate, measured as the percentage
of the labour force unemployed. Occupation
type, measured as the percentage of workers with
manufacturing jobs. Alcohol consumption, mea-
sured by three variables: annual gallons of beer,
wine and spirits sold per capita. Cigarette con-
sumption, measured as packs sold per capita per
annum. Population density, measured as the number
of state residents per square mile. Age distribu-
tion, measured by four variables: percentage of

Table I. Descriptive statisticsa

Variable definition Mean (SD)

Crude death rate per annum (deaths per 100 000 population) 857.14 (130.71)

Percentage with private insurance 72.93 (6.30)

Percentage with Medicare 13.20 (2.33)

Percentage with Medicaid 10.41 (3.19)

Income per capita per annum ($US, year 2000 values) 22 665 (4516)

Percentage below poverty level 12.87 (3.80)

Percentage unemployed 5.26 (1.53)

Percentage aged ‡25 y with less than high school degree 17.98 (5.50)

Percentage aged ‡25 y with high school but not bachelor’s degree 59.57 (4.41)

Percentage manufacturing workers 15.01 (5.63)

Cigarettes consumed per capita per annum (packs) 126.79 (32.44)

Beer consumed per capita per annum (gallons) 1.29 (0.21)

Wine consumed per capita per annum (gallons) 0.28 (0.25)

Spirits consumed per capita per annum (gallons) 0.71 (0.25)

Population density (residents per square mile) 172.15 (236.58)

Percentage aged 15–24 y 14.24 (1.21)

Percentage aged 25–44 y 31.08 (1.99)

Percentage aged 45–64 y 20.22 (1.75)

Percentage aged ‡65 y 12.65 (2.02)

Percentage African American 9.95 (9.37)

Percentage Hispanic 6.24 (8.08)

Percentage female 51.02 (0.86)

Doctors per 100 000 population 217.79 (55.34)

Hospital beds per 100 000 population 347.57 (104.24)

Percentage hospital beds filled 62.70 (7.64)

Percentage not enrolled in health maintenance organization 83.65 (12.01)

a The data are for all 50 states for the period 1990–2000. Number of observations is 550. Private health insurance, Medicare and Medicaid

are not mutually exclusive; some state residents can have more than one type of health insurance in a given year (see the supplementary

material [‘ArticlePlus’] at http://healtheconomics.adisonline.com for data sources).
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population aged 15–24, 25–44, 45–64 and ‡65
years. Personal characteristics, measured by three
variables: percentage of population African
American, Hispanic and female. Availability of
medical care providers, measured by four vari-
ables: doctors per 100 000 population, hospital
beds per 100 000 population, percentage of hos-
pital beds filled, percentage of population not
enrolled in a Health Maintenance Organization
(HMO).

Data were available for all variables for all
states during the study time period, except for
education (missing 1992), number of physicians
(missing 1991) and HMO enrollment (missing
1991–3). We used linear interpolation to obtain
data for missing years.

The data indicates that the key variables of
interest in the study (state-level crude death rate
and percentage of state population with private
insurance) experienced changes during the time
period of the study, with increases in mortality
rates and decreases in the percentage of state
populations with private insurance. In 1990,
across all states, mortality averaged 850.7 deaths
per 100 000 population, which increased to 864.2
in 2000. The range of state death rates was large,
ranging from 397.8 (Alaska) to 1080.4 (West
Virginia) in 1990 and from 464.3 to 1161.4 in
2000. Overall, 33 states experienced increases in
crude death rates (3–250 per 100 000 population).
However, interestingly, the average for all states
for the percentage of state population with pri-
vate insurance decreased from 75% to 73.6% over
the time period. For individual states, the per-
centage ranged from 59.7% of the population
(Mississippi) with private insurance to 84.9%
(Connecticut) in 1990, and from 56.3% (New
Mexico) to 84.1% (Iowa) in 2000. Furthermore,
33 states experienced a decline in their private
insurance rates, with decreases of <1% (ten states)
to 7.8%; five states had a >5% decline. On the
other hand, three states had increases of <0.5%
and seven states had increases of >3%.

The data for the instrumental variables used in
the empirical model suggest that most states ex-
perienced changes in their unionization rate and
industry structure. All states experienced a de-
cline in union membership, falling from an aver-

age of 14.9% of the population in 1990 to 13.6%
in 2000. In 1990, South Carolina had the lowest
union membership at 4.6%, whereas Hawaii ex-
hibited the highest at 29.4%. By 2000, North
Carolina had the lowest rate (3.7%) and New
York the highest (25.7%), with nine states ex-
periencing a decline of ‡4.5%. The industry
structure of individual states showed a somewhat
more diversified pattern of change, although the
average for the percentage of firms with ‡20 em-
ployees for all states remained unchanged
(57.77% to 57.76%). The range of percentages across
all states also remained relatively unchanged,
varying from 54.2% (Maryland) to 63.68% (New
York) in 1990, and from 53.7% (Indiana) to 65%
(Florida) in 2000. Moreover, 26 states experienced
increases in the percentage of firms with ‡20
employees, ranging from 0.3% to 3.9%, whereas
23 states experienced a decline of 0.1–3.1%.

Results

Table II presents the results for the estimate of
private health insurance coverage and related
statistics. Columns 1 and 2 report the OLS and
2SLS estimates for the health production func-
tion specification with unadjusted private health
insurance. Columns 3 and 4 report these esti-
mates for the Medicare-adjusted private health
insurance measure. Table III reports the results
for all control variables for the 2SLS estimate (see
Appendix B in the supplementary material for the
results of the first-stage regressions). We adjust
standard errors for arbitrary forms of hetero-
scedasticity and autocorrelation. All variables are
in logarithmic form, and therefore direct mea-
sures of elasticities.

For all specifications, we find a negative re-
lationship between private insurance and mor-
tality. Because we control for the percentage of a
state’s population covered by Medicare and
Medicaid, we interpret the estimate for private
insurance as the effect on health, measured by
mortality, from extending private insurance cov-
erage to the uninsured population of the state.

Column 1 of table II gives the OLS estimate
for private insurance coverage of -0.028, which
indicates that a 10% increase in the percentage of
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the population with private insurance decreases
mortality by a quantitatively small 0.28%. The
relatively large standard error of 0.029 suggests
an imprecise estimate and the p-value of 0.344
indicates weak evidence of a health effect. The
magnitude of the OLS estimate is likely biased
downward because of reverse causation from
health to insurance.

Column 2 of table II gives the 2SLS estimate
for private health insurance. As expected, the
magnitude of the 2SLS estimate increases to
-0.192, which is more than six times larger than
the OLS estimate. While the standard error in-
creases to 0.098, the p-value of 0.057 provides
substantially stronger evidence of a private in-
surance health effect. The estimated coefficients
of the instrumental variables, firm size and un-
ionization, in the first-stage private insurance
equation are both positive as expected, with an
F-statistic for the null hypothesis of no joint effect
of 13.60, indicating relatively strong instruments.
Firm size and unionization are negatively related
to the crude death rate in the reduced-form

mortality equation. Positive first-stage estimates
and negative reduced-form estimates for firm size
and unionization are consistent with the negative
instrumental variable estimate for private in-
surance in the quasi reduced-form, health pro-
duction function and support our identification
story.2 Moreover, a chi-squared statistic of 0.165
indicates that the over-identifying restrictions are
supported by the data, and therefore supports the
validity of excluding firm size and unionization
from the health production function.

Columns 3 and 4 of table II report the results
for the Medicare-adjusted measure of private
health insurance for the OLS and 2SLS specifi-
cations of the health production function. The
results for these specifications are similar to those
in columns 1 and 2. For the 2SLS specification,
the magnitude of the coefficient of private health
insurance falls slightly to -0.169, with little or no
change in the standard error. Once again, the
data support our instruments. Thus, our results
are relatively robust to our two alternative pri-
vate health insurance measures.

Table II. Results for estimate of private health insurance effecta

Estimates and test statistics Unadjusted measure Medicare-adjusted measure

OLS 2SLS OLS 2SLS

Private health insurance

Coefficient -0.028 -0.192 -0.017 -0.169

Standard error 0.029 0.098 0.024 0.098

p-Value 0.344 0.057 0.487 0.089

First-stage regression statistics

F-statistic 13.60 8.40

Chi-square statistic 0.17 0.11

a The dependent variable is the crude death rate. Number of observations is 550. The coefficient estimates are elasticities. Medicare-

adjusted private insurance is the percentage with private insurance coverage less the percentage with Medicare insurance coverage. It is

an estimate of the percentage of the population with private health insurance but not Medicare. Private insurance coverage and Medicare

insurance coverage are not mutually exclusive, and most Medicare recipients have supplemental insurance, primarily in the form of private

insurance. Standard errors are corrected for autocorrelation and heteroscedasticity. The F-statistic is for the null hypothesis that firm size

and unionization have no joint effect on private insurance coverage in the first-stage regression. The chi-square statistic is for the null

hypothesis that the over-identifying restrictions are valid. The critical value for the chi-square statistic for the 5% level of significance and

one over-identifying restriction is 3.84.

2SLS = two-stage least squares; OLS =ordinary least squares.

2 Estimates of the first-stage coefficients indicate that a 1% increase in firm size and unionization results in
increases of 0.05% and 0.04%, respectively, in the percentage of the population with private health insurance
coverage. Estimates of the reduced-form coefficients indicate that a 1% increase in firm size and unionization is
associated with decreases in mortality of 0.05% and 0.01%, respectively.
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In general, the estimates of the coefficients of
the control variables reported in table III have
expected signs and plausible magnitudes, al-
though only 6 of 24 achieve significance at the 5%
level. The results indicate lower mortality rates
for states with greater Medicaid coverage, higher
income, higher unemployment, more college
graduates, fewer manufacturing workers, less
alcohol and cigarette consumption, younger
populations, fewer Hispanics, more African
Americans, fewer females, more poverty, greater
population density and more physicians and
hospital beds. While the results for females,
poverty and African Americans have unexpected

signs, they are highly non-significant. Like
Ruhm,[4] our results indicate that the unemploy-
ment rate is negatively related to mortality,
suggesting that health deteriorates when the
economy temporarily improves. Ruhm[4] found
evidence that higher unemployment is associated
with better diets, greater physical activity and less
obesity, so the unemployment rate may proxy
changes in lifestyle that vary across the business
cycle. The estimate ofMedicare coverage changes
from positive and significant in specifications
that use the unadjusted private health insurance
measure to negative and non-significant in mod-
els for the Medicare-adjusted private insurance

Table III. Two-stage least squares (2SLS) estimates of control variable coefficientsa

Variable Unadjusted measure (SE) Adjusted measure (SE)

Percentage with Medicare 0.032b (0.011) -0.005 (0.026)

Percentage with Medicaid -0.001 (0.008) -0.002 (0.008)

Income per capita per annum ($US, year 2000 values) -0.109 (0.099) -0.104 (0.099)

Percentage below poverty level -0.014 (0.011) -0.015 (0.013)

Percentage unemployed -0.001 (0.012) -0.001 (0.013)

Percentage aged ‡25 with less than high school degree 0.006 (0.011) 0.006 (0.011)

Percentage aged ‡25 with high school but not bachelor’s degree 0.072c (0.029) 0.070c (0.030)

Percentage manufacturing workers 0.030 (0.027) 0.030 (0.027)

Cigarettes consumed per capita per annum (packs) 0.049c (0.020) 0.049c (0.020)

Beer consumed per capita per annum (gallons) 0.067c (0.030) 0.063c (0.031)

Wine consumed per capita per annum (gallons) 0.010 (0.010) 0.010 (0.010)

Spirits consumed per capita per annum (gallons) 0.022 (0.032) 0.023 (0.033)

Population density (residents per square mile) -0.073 (0.048) -0.071 (0.048)

Percentage aged 15–24 y 0.057 (0.050) 0.062 (0.051)

Percentage aged 25–44 y 0.203d (0.108) 0.216d (0.113)

Percentage aged 45–64 y 0.216c (0.084) 0.211c (0.085)

Percentage aged ‡65 y 0.396b (0.105) 0.401b (0.108)

Percentage African American -0.003 (0.017) -0.003 (0.018)

Percentage Hispanic 0.019 (0.016) 0.021 (0.016)

Percentage female 1.114 (1.001) 1.227 (1.045)

Doctors per 100 000 population -0.054 (0.057) -0.057 (0.057)

Hospital beds per 100 000 population -0.004 (0.003) -0.003 (0.003)

Percentage hospital beds filled -0.002 (0.002) -0.002 (0.002)

Percentage not enrolled in health maintenance organization 0.008 (0.018) 0.008 (0.019)

a Column 1 reports 2SLS coefficient estimates for control variables for the unadjusted private health insurance measure specification.

Column 2 reports 2SLS coefficient estimates for control variables for the Medicare-adjusted private health insurance coverage

specification.

b Indicates significance at 0.01 level.

c Indicates significance at 0.05 level.

d Indicates significance at 0.10 level.

SE = standard error.
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measure. It is worth reiterating that our strategy
is to include a large number of control variables
to isolate the causal effect of private insurance on
mortality. We expect many of the control vari-
ables to be highly correlated (e.g. Medicare and
population aged ‡65 years; Medicaid and pov-
erty), which may explain why relatively few of
these variables have significant estimates and
many are measured imprecisely.

Specification Issues and Robustness

It is useful to explore the robustness of the
estimate of the mortality effect of private health
insurance coverage to changes in functional form
and control variable specification. Following
past studies of the empirical aggregate health
production function,[5,6] we select a Cobb-
Douglas, double logarithmic production func-
tion. However, this specification implies that a
1% point increase in insurance coverage will re-
sult in a smaller reduction in mortality in states
with a larger percentage of the population in-
sured. While diminishing returns to insurance
coverage may well be plausible, other patterns
may also be tenable. For example, a 1% point
increase in insurance coverage may result in the
same proportional or absolute decrease in mor-
tality starting from any proportion of the popu-
lation insured. To allow for these two alternative
patterns, we estimate functional forms that are
log-linear and linear in insurance variables. For
these two alternative specifications, rows 1 and
2 in table IV present coefficient and elasticity
estimates for private health insurance coverage
for both unadjusted and Medicare-adjusted
measures.

The estimated coefficients of unadjusted and
adjusted private health insurance are identical.
The log-linear estimate of -0.0031 indicates that a
1% point increase in insurance coverage decreases
mortality by 0.31%, while the linear estimate of
-3.042 indicates that a 1% point increase in in-
surance coverage results in about three fewer
deaths per 100 000 population (0.36% decrease).
The associated elasticity estimates, evaluated at
sample means, of -0.182 to -0.259 are similar to,
but somewhat larger than, the Cobb-Douglas
specification. The p-values of 0.076–0.087 sug-
gest slightly weaker evidence of an effect than the
Cobb-Douglas specification.3

To obtain a reliable estimate of the private
health insurance effect, it is important that the
control variables are exogenous and correctly
specified.4Variables of possible concern are those
representing availability of medical care provi-
ders and population age distribution. It is possi-
ble that availability of medical care provider
variables, particularly physicians per capita, are
endogenous in the medical care spending equa-
tion, and therefore in the quasi reduced-form,
health production function. If so, this could viti-
ate the estimate of the effect of private insurance.5

Row 3 of table IV shows that eliminating these
four control variables from the Cobb-Douglas
health production function has little effect on the
estimate of the coefficient of private insurance,
reducing the magnitude from -0.192 to -0.190,
while having no effect on the adjusted measure.
To control for population age distribution in a
parsimonious manner, we include four relatively
broad age groups. However, this may fail to ac-
count for sufficient variation in the age distribu-
tion. Row 4 of table IV presents estimates for

3 The r-squared statistic is 0.99 for double log, log-linear and linear specifications, indicating that these three
specifications fit the data equally well.

4 It is particularly important to correctly specify the control variables if they are highly correlated with the
identifying instruments and mortality. The correlation coefficients for unionization and the control variables are
between -0.26 and 0.31, while those for firm size and the control variables are between -0.28 and 0.27. This
suggests that the identifying instruments are not strongly correlated with the control variables.

5 We maintain that Medicare and Medicaid coverage are exogenous. Since Medicare is primarily a mandatory
health insurance programme for the elderly, most recipients do not choose coverage based on health status, but
rather qualify for coverage based on age. Because Medicaid recipients must qualify for coverage based on income,
we believe exogeneity is a reasonable approximation.

Health Insurance Coverage and Population Health Outcomes 225

ª 2008 Adis Data Information BV. All rights reserved. Appl Health Econ Health Policy 2008; 6 (4)



private insurance measures for the Cobb-Douglas
specification that includes nine age groups. The
estimates of -0.164 and -0.140 are somewhat
smaller in magnitude and as expected less precise,
with p-values of 0.078 and 0.099.

Discussion

Three bodies of existing research relate to the
question of whether extending insurance cover-
age to the uninsured will produce social economic
benefits and the potential size of those benefits:
studies that analyse the effect of health insurance
on medical care; studies that analyse the effect of
medical care on health; and those that analyse the
direct effect of insurance coverage on health.

A large number of studies find evidence that
insurance has a relatively large effect on the quan-
tity of medical care utilized,[7-13] and may be posi-
tively related to the quality of care received.[14]

However, research analysing the effect of medical
care on health, measured by mortality, has yielded
mixed results, fuelling an ongoing debate about
whether the US is experiencing ‘flat of the curve
medicine’, where greater aggregate consumption of
healthcare services has little or no effect on health.
Wennberg et al.,[15] among others,[15-18] find no
evidence of a positive health effect from greater
utilization of medical care among Medicare recipi-
ents. Studies that analyse aggregate county, state,
and US data find weak to moderate evidence of a
health effect, with a 10% increase in medical care
reducing mortality by about 0.5–3%.[5,6,19-21] Re-
cent work provides compelling evidence that
development and diffusion of new medical tech-
nologies over the past several decades have resulted

in substantial improvements in health outcomes
for segments of the population with a variety of
specific diseases, and may account for as much as
two-thirds of the decrease in mortality from heart
disease over this period.[20,22-24]

Only two studies that we are aware of have
analysed the direct effect of insurance coverage on
all-cause mortality. Using individual-level data,
Sorlie et al.[25] and Franks et al.[26] found that a
typical uninsured adult is 20–50% more likely to
die than one with private insurance coverage.
Hadley[27] conducted a comprehensive review of
the recent literature on the links between insurance,
medical care and health, suggesting that extending
health insurance to the uninsured may well reduce
mortality by as much as 5–15%.

To assess whether providing health insurance
to a larger segment of the population is socially
beneficial, it is necessary to measure the marginal
benefits of extending coverage to the uninsured
population. Measuring benefits requires a good
estimate of the contribution of health insurance
to measures of population health. Although
much of the recent research suggests that unin-
sured individuals tend to have worse health
outcomes than the insured, establishing a causal
relationship and obtaining a reliable estimate of
the causal effect has been difficult. In general,
previous research has not adequately controlled
for potential confounding factors primarily be-
cause they are difficult to measure or are un-
observable, thus resulting in differing degrees of
omitted variable bias. Many studies have also
failed to account for possible reverse causation
from health status to medical care or insurance
coverage leading to simultaneity bias, and those

Table IV. Sensitivity estimates for private health insurancea

Specification Unadjusted measure (p-value) Adjusted measure (p-value)

coefficient elasticity coefficient elasticity

Log-linear -0.0031 (0.087) -0.226 (0.081) -0.0031 (0.087) -0.182 (0.081)

Linear -3.042 (0.082) -0.259 (0.076) -3.042 (0.082) -0.212 (0.076)

Omitted medical provider variables -0.190 (0.064) -0.169 (0.096)

Nine age groups -0.164 (0.078) -0.140 (0.099)

a The availability of medical care provider variables omitted from the Cobb-Douglas specification are doctors per 100 000 population, hospital

beds per 100 000 population, percentage hospital beds filled and percentage not enrolled in health maintenance organization. The age

groups are 0–4, 5–14, 15–24, 25–34, 45–54, 55–64, 65–74, 75–84, ‡85 years. The omitted age group is 35–44 years. Elasticities are

evaluated at sample means.
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that have done so generally have not assessed the
validity of the instruments used. Moreover, most
studies are based on the elderly or other specific
subpopulations, and therefore do not necessarily
provide estimates of the aggregate effect of insur-
ance coverage on mortality that are representa-
tive of the general population. In addition,
dispersion of the size of the effect on health is a
consequence of different measures of health
outcomes and the population of study. Studies
suggest that low-income and disease-specific po-
pulations tend to benefit more from expansions in
insurance coverage than higher-income popula-
tions.[28] The inconsistency among past studies about
whether health insurance coverage reduces mortal-
ity, and if so the size of the effect, likely reflects these
potential problems associated with using cross-
section and time-series observational data.

In an attempt to control for these potential
problems, several studies have employed ‘natural
experiments’ rather than relying on observational
data.[29-36] These studies use treatment and con-
trol groups to focus on how public policies, such
as Medicare, Medicaid expansions and other
federal- and state-level health policies, influence
health through increasing the percentage of the
population with health insurance. Several sub-
populations are evaluated, including the elderly,
low-income populations (adult, children and in-
fants) and patients with HIV. The results of the
studies are mixed. A few studies find no evidence
of an effect of insurance on health outcomes,[31,34]

but the majority of the studies find a positive
causal relationship between health insurance and
health outcomes,[30,32-34,36] although these studies
focused on the evaluation of public insurance
coverage rather than private insurance coverage.
Lurie et al.[29] and Fihn andWicher[30] found that
the elimination of publicly funded insurance
programmes significantly increased blood pres-
sure for ‘medically indigent’ patients and veterans
affairs patients. Other studies have found that the
presence of Medicare, expansions in Medicaid
programmes, and state policies of coverage for
the HIV population have reduced mortality rates

of low-income infants and children, elderly adults
and patients with HIV.[32-36]

Our approach uses a panel of aggregate data
on all 50 states for the period 1990–2000 to esti-
mate a health insurance augmented, aggregate
health production function for the US. To obtain
a consistent estimate of the aggregate health
effect of private insurance, we use an instru-
mental variable, fixed-effects estimator. This al-
lows us to account for reverse causation, as well
as unobserved state and time effects. We also in-
clude a number of observed co-variates such as
income, education, unemployment, cigarette and
alcohol consumption and population demo-
graphic characteristics to control for potential
confounding variables that vary across both
states and time.

The results of our study indicate a negative
relationship between private insurance and mor-
tality, thus suggesting that extending insurance to
the uninsured population will result in an im-
provement in population health outcomes. Our
estimate of the marginal effect of insurance
for the Cobb-Douglas health production func-
tion specification indicates that a 10% increase
in a state’s population-insured rate will result
in a 1.69–1.92% reduction in mortality. These
insurance elasticity estimates can be used to
get a rough feel for the social economic benefits
of extending insurance coverage to the uninsured
through the private insurance market. To obtain
an estimate of these benefits, we use data for
the year 2003, the most recent year for which
mortality data exist. For the year 2003, 84.4%
of the population had insurance coverage. To
achieve 100% insurance coverage would require
an 18.48% increase in the percentage insured,
which our estimates indicate would reduce the
actual year 2003 crude death rate per 100 000
population from 841.9 to 812.3–815.6. This
would result in 75 790–86 104 lives saved. Using
the Environmental Protection Agency’s value
of a statistical life estimate[37] adjusted to year
2003 values of $US6.73 million, the economic
value of lives saved is $US510 to $US580 billion.6

6 For the sensitivity coefficient estimates presented in table IV, the estimates of lives saved range from 62 784 to
136 789, and social economic benefits from $US423 billion to $US921 billion.

Health Insurance Coverage and Population Health Outcomes 227

ª 2008 Adis Data Information BV. All rights reserved. Appl Health Econ Health Policy 2008; 6 (4)



To translate these social economic benefits
into net benefits, we require an estimate of the
cost of extending insurance coverage to the un-
insured. Hadley and Holahan[1] estimated that
insuring the uninsured through the market for
private health insurance would increase health-
care spending by about 6%. Using this estimate,
for the year 2003 the cost of providing private
insurance to the uninsured is about $US104 bil-
lion, or $US1.21 to $US1.37 million per life
saved. This results in annual net benefits of
$US406 to $US476 billion. While our cost-benefit
calculations are, at best, rough approximations,
they suggest there may be large social economic
benefits and net benefits from extending health
insurance coverage to the uninsured.

Our study has several strengths. It is the first
aggregate study to use panel data and estimate
the direct effect of health insurance coverage on
population health outcomes. Our model controls
for unobserved state- and year-dependent effects,
a large number of observed co-variates, and re-
verse causation from health to insurance. As a
result, we can argue that the private health in-
surance effect we detect with observational data
is a causal effect. Moreover, this effect is re-
presentative of the general population, rather
than a specific subpopulation.

Our study also has several limitations. It is
possible that we have failed to control for all re-
levant health determinants correlated with our
instruments, firm size and unionization. More-
over, one or more of the health determinants we
do control for may be measured with error. If so,
then our instruments may not be fully exogenous,
which would weaken our argument for a causal
effect. Like prior studies of the aggregate health
production function, our measure of population
health status fails to capture health-related QOL
(HR-QOL). If extending private health insurance
to the uninsured improves QOL, then our esti-
mate of the health effect of insurance will be un-
derstated.

There are a number of potential directions for
future research related to our analysis. What is
the effect of health insurance on morbidity and
HR-QOL? For instance, does extending in-
surance to the uninsured reduce the incidence of

disability and chronic diseases, such as heart
disease and diabetes mellitus in the population?
What is the economic value of QOL improve-
ments in health? Does providing insurance to the
uninsured have differential health effects on sub-
populations, such as different sex, race and age
groups? Moreover, past research suggests that
insuring the uninsured may improve health by
increasing both the quantity and quality of med-
ical care utilized. How much of the improvement
in health results from each of these effects? Re-
search addressing these questions would assist in
further illuminating the social benefits of adopt-
ing universal health insurance coverage.

Another potential direction for future research
is to examine the effect of insurance mandates on
population health. The types of insurance man-
date most relevant to our study are those that
provide coverage through the market for private
health insurance, most notably, employer health
insurance mandates. It is likely that this type of
mandate would increase the percentage of a
state’s population that is covered by private in-
surance. Thus, given the results of our study that
an increase in the percentage of a state’s popula-
tion with health insurance improves population
health, we could postulate that employer health
insurance mandates would improve population
health.

Conclusions

We investigate the benefits in terms of popula-
tion health outcomes of extending private health
insurance coverage to the uninsured, an area that
has received less attention than cost and pro-
gramme implementation in the universal health
insurance debate in the US. While a number of
studies have analysed the relationship between
insurance coverage and medical care utilization,
and between medical care utilization and health,
our investigation is the only aggregate study to
use panel data to estimate the direct effect of in-
surance coverage on population health outcomes
measured bymortality. Using a 2SLS fixed-effects
estimation procedure and controlling for a large
number of potential confounding health-related
determinants, we find compelling evidence that
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extending private insurance coverage to the un-
insured lowers mortality by an amount large en-
ough to be of policy significance. Our cost-benefit
calculations, while admittedly very speculative,
suggest that providing insurance coverage through
private markets to the large number of uninsured
Americans may well produce large social eco-
nomic benefits for the nation as a whole.
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