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A B S T R A C T

We study the impact of health insurance expansion on medical spending, longevity and welfare
in an OLG economy in which individuals purchase health care to lower mortality and medical
progress is profit-driven. Three sectors are considered: final goods production; a health care
sector, selling medical services to individuals; and an R&D sector, selling increasingly effective
medical technology to the health care sector. We calibrate the model to the development of the
US economy/health care system from 1965 to 2005 and study numerically the impact of the
insurance expansion. We find that more extensive health insurance accounts for a large share of
the rise in US health spending but also boosts the rate of medical progress. A welfare analysis
shows that while the subsidization of health care through health insurance creates excessive
health care spending, the gains in life expectancy brought about by induced medical progress
more than compensate for this.

1. Introduction

In the United States, the share of the GDP spent on health care grew from 5 percent in 1960 to 17.5 percent in 2014 (see Fig. 1).
Since the seminal work by Newhouse (1992), a steady stream of research has emerged that enquires into the causes of this dramatic
development (see Chernew and Newhouse, 2011, for a survey). In the course of it, medical progress (Newhouse, 1992, Chandra and
Skinner, 2012), income (Hall and Jones, 2007) and social security (Zhao, 2014) have all been identified as potent candidate drivers
of medical spending growth.

Interestingly, health insurance has so far been assigned only a minor role in much of the research on the theme. In light of the
rapid expansion of health insurance in the US (see Fig. 1), where out-of-pocket spending fell from around 55 percent in 1960 to
around 15 percent in 2005 (Baicker and Goldman, 2011), this is somewhat surprising, especially when considering the prominence
that is assigned to moral hazard incentives in health insurance (e.g. Zweifel and Manning, 2000). The understatement of health
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Fig. 1. Health share of GDP, health expenditures per capita in 2009 $ and average share of out-of-pocket expenditures (OOP) in the US from 1960 to 2010.
ata sources are discussed in Section 3.1.

nsurance may be partly explained as a legacy of the famous RAND health insurance experiment during the late 1970s and early
980s. Based on the evidence of a rather modest price elasticity of health care spending at the household level insurance could not
eally explain the spending boom (Manning et al., 1987; Newhouse, 1992). This conclusion has recently been challenged by Fonseca
t al. (2021) who estimate a stochastic life-cycle model with endogenous medical spending and find that US spending growth over
he time frame 1965–2000 is to a large extent explained by the growth of available income (29 percent) and an increasing generosity
n health insurance (37 percent), with medical progress explaining a more modest 9 percent.1,2 In notable contrast, Fonseca et al.

(2021) identify medical progress as the key driver of improvements to longevity.
In addition to the direct impact of health insurance on medical spending, Weisbrod (1991) has conjectured an indirect pathway,

namely that the expansion of health insurance coverage created incentives to develop new medical technology. Clemens and Olsen
(2021) find empirical support for this hypothesis3: 20 to 30 percent of medical equipment and device innovation between 1965 and
1990 is explained by the introduction of Medicare/Medicaid in 1965.4 In a related analysis, Finkelstein (2007) shows that health
insurance, does, indeed, explain a spending increase that is more than six times larger than the one suggested by the RAND health
insurance experiment once macroeconomic responses, such as induced entry into the hospital market, are accounted for. She also
provides evidence that is suggestive of the adoption of new (cardiac) technologies following the introduction of Medicare.

Against the backdrop of these somewhat patchy findings, we study the insurance-spending-innovation nexus in health care within
a coherent general equilibrium model of overlapping generations (OLG) who purchase health care, the effectiveness of which is
governed by endogenous medical progress. This provides us with a deeper understanding of the mechanisms underlying the empirical
findings by Finkelstein (2007), and Clemens and Olsen (2021) and affords new insights about the interaction of income, health
insurance and medical progress. Going beyond what is identifiable in the empirical literature, we show that the US health insurance
expansion was welfare improving through the stimulation of medical progress, despite sizeable negative welfare effects through
moral hazard.

We study an OLG economy with a realistic demographic structure, in which consumers demand health care for the purpose of
lowering mortality. Health care is provided within a medical sector, and the demand for medical innovations, in turn, follows as
a derived demand on the part of health care providers. Both the health care sector and the medical R&D sector employ capital
and labour, competing for resources with a final goods production sector. We should stress early on that, following Finkelstein
(2007) and Clemens and Olsen (2021), we focus entirely on the subsidy-character of health insurance. Thus, in a setting in which
public health insurance is financed out of taxes and private health insurance out of premia that are fixed at the equilibrium/average
level of expenditure, our analysis takes explicit account of the fact that health insurance is generating an incentive for excessive
consumption of health care, labelled ‘‘ex-post moral hazard’’ by health economists (e.g. Zweifel and Manning, 2000), a term we will
subsequently refer to. With the focus being on the macroeconomic effects of health insurance, we assume representative life-cycles,
implying that our analysis does not account for shocks on health such that there is no insurance-related benefit to health insurance.
To that end, any of our welfare assessment of health insurance will constitute a lower bound.

We calibrate the model to reflect the development of the US economy over the time span 1965–2005 as it occurred in the presence
of expanding health insurance. Against this benchmark, we study a counterfactual scenario in which we freeze the coverage of health
insurance at its 1965 level, i.e. the level before the introduction of Medicare. Our results show that the expansion of health insurance
has, indeed, contributed strongly to the expansion of health care spending, and that induced medical progress plays a significant
role in this.

When comparing the development of health care expenditure per capita in the benchmark scenario against a counterfactual
scenario in which insurance is frozen at its 1965 level, we find that the expansion of health insurance explains about 63% of the

1 Interestingly, research by Feldstein (1971, 1977) pre-dating the RAND experiment had also identified the expansion of health insurance as a major driver
f the increase in health care spending.

2 The findings by Fonseca et al. (2021) are in line with recent estimates of a higher price elasticity of health care spending (e.g. Eichner, 1998; Aron-Dine
t al., 2013; Kowalski, 2015).

3 See also Clemens (2013) for similar findings.
4 Similarly, Baker (2001) and Baker and Phibbs (2002) find that increasing HMO market shares, implying less generous insurance coverage, were associated

ith slower diffusion of high-cost magnetic resonance imaging technology and fewer neonatal intensive care units. Acemoglu and Linn (2004), Dubois and
2

e Mouzon (2015) and Finkelstein (2004) find a large impact of (potential) market size on the development of new medical drugs and vaccines, respectively.
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expenditure increase until 2005 and 59% until 1990. This compares well with Finkelstein’s (2007) finding, based on an extrapolation
of her Medicare estimates, that the general expansion of health insurance explains about 50% of the per capita spending increase
from 1950 to 1990.

We also find that the expansion of health insurance has induced substantial medical R&D. Namely, it raises the rate of medical
rogress by about 57% over the time span 1965 to 2005 and by about 39% over the time span 1965 to 1990. The latter compares to
20%–30% increase in medical equipment and device patenting over the same time span that Clemens and Olsen (2021) estimate as
consequence of the introduction of Medicare/Medicaid. We decompose the insurance induced increase in health care spending into
moral hazard effect associated with the subsidization of health care, and the spending increase associated with induced medical

hange. While moral hazard explains about 85% of the insurance-induced increase in health care spending, the opposite is true for
he impact on life-expectancy: Overall, the expansion of health insurance has contributed about 1.2 years to the increase in life
xpectancy between 1965 and 2005. Of this increase, 0.9 years are attributable to insurance-induced medical innovations, whereas
he ‘‘pure’’ insurance effect contributed only 0.3 years.

These findings suggest an ambivalent role of health insurance expansion. Abstracting in our model from idiosyncratic shocks to
ealth and health care spending, the insurance expansion is wasteful for a given path of medical progress by generating a substantial

increase in health care spending without much gain in health outcomes, a typical moral hazard effect. The distortion from moral
hazard is offset, however, by the inducement of additional medical progress, which is generating substantial benefits. A comparison of
the lifetime utility of the birth cohorts 1900–1970 reveals that while the moral hazard effect per se is, indeed, generating (modest)
welfare losses for most of the birth cohorts, these are overturned when induced medical progress is taken into account. Indeed, we
find that all cohorts have benefited from the expansion of health insurance, the gain being strongest for later-born cohorts. One
may ask to what extent the positive welfare assessment of the health insurance expansion turns on an increasing willingness to pay
for longevity-enhancing medical innovations within a growing economy and therefore a willingness to tolerate a growing drag on
consumption growth (Hall and Jones, 2007; Jones, 2016; Kuhn and Prettner, 2016; Chen et al., 2021). Indeed, the benefits from
medical innovations are more than offset by the loss from excessive spending incentives in a counterfactual scenario in which GDP
stagnates at its 1965 level, suggesting that the welfare benefits of health insurance expansion need to be assessed against the extent
of concomitant income growth. At this stage we should recall that health insurance expansion may nevertheless constitute a Pareto
improvement when counting in the direct benefits from risk sharing.

Our findings demonstrate the relevance of two intergenerational externalities: On the one hand, contemporary individuals spend
insufficiently on health care, as they are not accounting for the benefits of demand-induced medical innovations for other individuals,
both contemporary and yet unborn. Albeit inefficient from a static point of view, the expansion of health insurance then amounts to
a subsidy prone to mitigate the externality. On the other hand, especially retired individuals who stand most to gain from health care
spend excessively under Medicare insurance and, thereby, impose an externality on tax-paying working-aged individuals. Although
the externality related to the excessive consumption of health care turns out to be sizeable, generating a welfare loss of up to −6.5%
in consumption equivalent terms for the latest born cohort, within a growing economy the welfare gain from internalizing the
benefits from medical progress stand at 7.3% in equivalent variation terms for the latest born cohort. Altogether, the expansion of
health insurance is leading to welfare gains to all cohorts and thus consitutes a Pareto improvement.

To our knowledge, the present study constitutes the first comprehensive macroeconomic analysis of the role of health insurance
as a stimulus of medical progress. By endogenizing medical progress our work goes beyond earlier approaches examining the impact
of exogenous medical progress on health care expenditure and economic performance (Suen, 2009; Fonseca et al., 2021; Frankovic
et al., 2020a; Schneider and Winkler, 2021; Kelly and Kuhn, 2022) as well as on the emergence of a longevity gap across income
strata (Frankovic and Kuhn, 2019). Other papers dealing with endogenous medical progress are still scarce to date. Jones (2016)
considers the optimal mix of medical R&D as opposed to conventional R&D from a social planner perspective but does not consider
the general equilibrium of a decentralized economy.5 Koijen et al. (2016) study the impact of regulatory risks on medical innovation
but do this within an infinitely lived representative agent framework, thus, ignoring the important link between medical innovation
and longevity. Neither of the studies focuses on the impact of health insurance.6 Closer in spirit, Böhm et al. (2021) consider the role
f R&D-driven medical progress which improves health and longevity within an OLG economy through raising the effectiveness of
ublicly provided health care in lowering the accumulation of health deficits as a source of both morbidity and mortality. Studying
he trade-off between containing health care spending and granting access to medical progress, the authors also find that the gains
rom medical progress outweigh the savings on expenditure. Due to market-size driven medical R&D, this gap increases over time
nd, thus, disproportionately benefits younger cohorts. Their work differs from ours in a number of dimensions. Most importantly,
hey do not consider the private demand for health care nor the role of health insurance in steering this demand. Their calibration
eing based on the UK NHS, they rather consider a public health care system with direct rationing. Furthermore, their numerical
xperiments are forward looking (up to the year 2050) rather than backward looking such as ours. Finally, Frankovic et al. (2020b)
onsider the implications of lags in the adoption of medical innovation in the course of the cardiac revolution. The analysis is
omplementary in as far as the flow of innovations is assumed to be exogenous but its (random) diffusion is endogenous to the size
f the health care market. Again, the role of health insurance is not examined.7

5 See Fernandez-Villaverde et al. (2018) for ongoing work on integrating medical progress into a model of endogenous growth within a two-generation OLG
etting.

6 Clemens and Olsen (2021) motivate their empirical analysis of insurance-induced innovation by a partial equilibrium model of ‘‘innovation-by-doing’’ on
he part of physicians. In contrast, our contribution amounts to a full general equilibrium account with a medical R&D sector that is distinct from the health
are sector, and a set of overlapping generations of consumers with endogenous demand for health care.

7

3

See Kuhn (2022) for a recent survey on the nexus of medical progress, ageing and health care spending.
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The macroeconomic impact of US health insurance (reform) features in Jung and Tran (2016, 2022), Conesa et al. (2018), Cole
t al. (2019) and Kelly (2020). In all studies but Kelly (2020) survival is exogenous to the utilization of health care, and none
f the studies considers medical progress.8 Our paper is thus complementary to these works in as far as they study the trade-off
etween moral hazard and the direct gains from insurance, whereas we are considering the trade-off between moral hazard and the
ynamic benefits generated through the stimulation of medical progress.9 Cole et al. (2019) identify a case for partial insurance,

as under full insurance the welfare loss from long-run reduction in population health due to insufficient preventive investments by
health-insured individuals would dominate the short-term benefit from additional risk coverage. Conesa et al. (2018) find that the
abolition of Medicare would yield sizeable increases in precautionary savings which boost the capital stock and earnings. While
the resulting benefits from higher consumption would outweigh the loss of insurance in a steady-state, even the cumulated welfare
gains are lower than the welfare loss along the transition path. In combination with our results, this suggests a strong case for
maintaining health insurance. While Conesa et al. (2018) find that health insurance should not be abolished owing to high short-
term welfare losses, we find it should not be abolished owing to the inducement of medical progress with lasting long-term benefits.
This is conditional, however, on the presence of sustained income growth. Altogether, our findings suggest that the impact of health
insurance on medical progress and ultimately health outcomes is an important pathway to consider when assessing the dynamic
welfare impact of health insurance.

The remainder of the paper is organized as follows. The following section introduces the model and characterizes the individual
life-cycle optimum and general equilibrium. Section 3 introduces the numerical calibration and presents the benchmark simulation.
Section 4 explores by way of various counterfactual experiments the role of health insurance, income and social security as drivers
of medical change, as well as the implications for the development of health expenditure. It also features a welfare analysis and
an analysis for the case of stagnant productivity. Section 5 concludes. Some proofs and formal elements of the analysis have been
relegated to an Appendix that is included with the supplementary material.

2. The model

2.1. Individual problem

We consider an OLG model in which cohorts of representative individuals choose consumption and health care over their life-
course. Individuals are indexed by their age 𝑎 at time 𝑡, with 𝑡0 = 𝑡 − 𝑎 denoting the birth year of an individual aged 𝑎 at time 𝑡.

t each age, the cohort-representative individual is subject to a mortality risk, where 𝑆(𝑎, 𝑡) = exp
[

− ∫ 𝑎0 𝜇(𝑎, ℎ(𝑎, 𝑡̂),𝑀 (̂𝑡))𝑑𝑎
]

is the
urvival function at (𝑎, 𝑡), with 𝜇(𝑎, ℎ(𝑎, 𝑡),𝑀(𝑡)) denoting the force of mortality. Following Frankovic and Kuhn (2019) and Frankovic

et al. (2020a,b) we assume that mortality can be lowered by the consumption of health care ℎ(𝑎, 𝑡), the impact of which depends
n the state of the medical technology 𝑀(𝑡) at time 𝑡. More specifically, we assume that the mortality rate 𝜇(𝑎, ℎ(𝑎, 𝑡),𝑀(𝑡)) ∈ (0,∞)
atisfies

𝜇ℎ(⋅) < 0, 𝜇ℎℎ(⋅) > 0;

𝜇ℎ(𝑎, 0,𝑀(𝑡)) = −∞, 𝜇ℎ(𝑎,∞,𝑀(𝑡)) = 0;

𝜇𝑀 (⋅) < 0, 𝜇𝑀𝑀 (⋅) ≥ 0, 𝜇ℎ𝑀 (⋅) < 0

or all (𝑎, 𝑡). Similar to Hall and Jones (2007), we assume that an individual can lower the instantaneous mortality rate by consuming
ealth care, but can only do so with diminishing returns. Medical technology, in turn, enhances the returns to health care. While
his assumption is not self-evident, it is consistent with empirical evidence that medical progress boosts the demand for medical
are (see e.g. Baker et al., 2003; Cutler and Huckman, 2003; Wong et al., 2012; Roham et al., 2014).

Individuals enjoy period utility 𝑢(𝑐(𝑎, 𝑡)) from consumption 𝑐(𝑎, 𝑡). Period utility is increasing and concave: 𝑢𝑐 (⋅) > 0, 𝑢𝑐𝑐 (⋅) ≤ 0.
ndividuals maximize the present value of their expected life-cycle utility

max
𝑐(𝑎,𝑡),ℎ(𝑎,𝑡)∫

𝜔

0
𝑒−𝜌𝑎𝑢(𝑐(𝑎, 𝑡))𝑆(𝑎, 𝑡)𝑑𝑎 (1)

y choosing a stream of consumption and health care on the interval [0, 𝜔], with 𝜔 and 𝜌 ≥ 0 denoting the maximal attainable age
nd the rate of time preference, respectively. While we will continue to read 𝑆 (𝑎, 𝑡) as survival, the function may be interpreted as a
ore general measure of health that is subject to depreciation over the life-course (see e.g. Chandra and Skinner, 2012 or Kuhn et al.,
015). For the representative individual the assumption that health care can slow down but not reverse the decline of health over the
ife course is plausible and well in line with evidence on the gradual accumulation of health deficits over the life course (Rockwood
nd Mitnitski, 2007; Dalgaard and Strulik, 2014; Abeliansky and Strulik, 2018).10 Assuming that utility from consumption and utility

8 Furthermore, none of the models embrace a specific health care sector. As emerges from the analyses in Kuhn and Prettner (2016) and Frankovic et al.
2020a), respectively, the reallocation of production factors across sectors plays a significant role, however, in channelling the economic impact of changes to
he health care system.

9 This is similar to what Bhattacharya and Packalen (2012) call ‘‘the other ex-ante moral hazard’’, which they consider, however, in a quasi-static partial
quilibrium setting.
10 It might be argued that health status should show up in the mortality function. The key difference this would make in terms of the mechanics of the model

s that through its impact on health status the stream of past health care ℎ(𝑎̂) with 𝑎̂ ∈ [0, 𝑎) would also have an impact on mortality at age 𝑎 besides the level
f current (acute) health care ℎ(𝑎). As pointed out by a reviewer, this may not only reflect preventive health care but also insufficient curative care in the past.
he investment aspect of health care tends to strengthen its role for life expansion and welfare. Omitting it for the sake of a leaner analysis as we do, thus,
4

eads to a conservative assessment of the role of medical care in improving life expectancy and welfare.
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from good health are multiplicatively separable, one could then generalize (1) to include not only health-dependent duration of
life but also health-dependent quality of life. While we refrain from including this within our analysis, we consider this as part of
a robustness exercise in Appendix F (see Figure 9).

The individual faces as constraints the dynamics of survival and the dynamics of individual assets 𝑘(𝑎, 𝑡), as described by
⋅
𝑆(𝑎, 𝑡) = −𝜇(𝑎, ℎ(𝑎, 𝑡),𝑀(𝑡))𝑆(𝑎, 𝑡), (2)
𝑘̇(𝑎, 𝑡) = 𝑟 (𝑡) 𝑘(𝑎, 𝑡) + 𝑙(𝑎, 𝑡)𝑤(𝑡) − 𝑐(𝑎, 𝑡)

−𝜙 (𝑎, 𝑡) 𝑝𝐻 (𝑡)ℎ(𝑎, 𝑡) − 𝜏 (𝑎, 𝑡) + 𝜋 (𝑎, 𝑡) + 𝑠(𝑡), (3)

with the boundary conditions

𝑆(0, 𝑡0) = 1, 𝑆(𝜔, 𝑡0 + 𝜔) = 0 (4)
𝑘(0, 𝑡0) = 𝑘(𝜔, 𝑡0 + 𝜔) = 0. (5)

Here, (2) describes the reduction of survival under the force of mortality. According to (3) an individual’s stock of assets 𝑘(𝑎, 𝑡) (i)
increases with the return on the current stock, where 𝑟 (𝑡) denotes the interest rate at time 𝑡; (ii) increases with earnings 𝑙(𝑎, 𝑡)𝑤(𝑡),

here 𝑤(𝑡) denotes the wage rate per unit of effective labour at time 𝑡, and where 𝑙(𝑎, 𝑡) denotes an individual’s effective labour
upply depending on age 𝑎 and time 𝑡; (iii) decreases with consumption, the price of consumption goods being normalized to one;
iv) decreases with private health expenditure, 𝜙 (𝑎, 𝑡) 𝑝𝐻 (𝑡)ℎ(𝑎, 𝑡), where 𝑝𝐻 (𝑡) denotes the price for health care, and where 𝜙 (𝑎, 𝑡)
enotes an (𝑎, 𝑡)-specific rate of coinsurance; (v) decreases with an (𝑎, 𝑡)-specific tax, 𝜏 (𝑎, 𝑡) ; (vi) increases with (𝑎, 𝑡)-specific benefits
(𝑎, 𝑡) ; and (vii) increases with a transfer 𝑠(𝑡) by which the government redistributes accidental bequests in a lump-sum fashion.
e follow Zhao (2014), Conesa et al. (2018), Frankovic and Kuhn (2019) and others by considering a setting without an annuity
arket. In regard to the boundaries, we assume that the survival function is bounded between 1 at birth and 0 at the maximum

easible age 𝜔 [see (4)], and that individuals enter and leave the life-cycle without assets [see (5)].
Finally, we note that the only uncertainty individuals face within our model relates to the survival risk. Notably, the mortality

rocess and, thus, the health care spending expended to modify it are deterministic. Thus, health insurance is merely acting as a
ubsidy in our model, implying a worst case for its assessment.

.2. Aggregation

Denoting by 𝐵(𝑡 − 𝑎) the size of the birth cohort at 𝑡0 = 𝑡 − 𝑎, the cohort aged 𝑎 at time 𝑡 has the size

𝑁(𝑎, 𝑡) = 𝑆(𝑎, 𝑡)𝐵(𝑡 − 𝑎).

y aggregating over the age-groups who are alive at time 𝑡 we obtain the following expressions for the population size,11 aggregate
apital stock, aggregate effective labour supply, aggregate consumption, and the aggregate demand for health care, each at time 𝑡:

𝑁(𝑡) = ∫

𝜔

0
𝑆(𝑎, 𝑡)𝐵(𝑡 − 𝑎)𝑑𝑎, (6)

𝐾(𝑡) = ∫

𝜔

0
𝑘(𝑎, 𝑡)𝑆(𝑎, 𝑡)𝐵(𝑡 − 𝑎)𝑑𝑎, (7)

𝐿(𝑡) = ∫

𝜔

0
𝑙(𝑎, 𝑡)𝑆(𝑎, 𝑡)𝐵(𝑡 − 𝑎)𝑑𝑎, (8)

𝐶(𝑡) = ∫

𝜔

0
𝑐(𝑎, 𝑡)𝑆(𝑎, 𝑡)𝐵(𝑡 − 𝑎)𝑑𝑎, (9)

𝐻(𝑡) = ∫

𝜔

0
ℎ(𝑎, 𝑡)𝑆(𝑎, 𝑡)𝐵(𝑡 − 𝑎)𝑑𝑎. (10)

2.3. Production

The economy consists of a manufacturing sector, a health care sector and a medical R&D sector. In the manufacturing sector a
final good is produced by employment of capital 𝐾𝑌 (𝑡) and labour 𝐿𝑌 (𝑡) according to a neoclassical production function

𝑌 (𝐴𝑌 (𝑡), 𝐾𝑌 (𝑡), 𝐿𝑌 (𝑡)) = 𝐴𝑌 (𝑡)𝐾𝑌 (𝑡)𝛼𝐿𝑌 (𝑡)1−𝛼 , (11)

with 𝐴𝑌 (𝑡) denoting total factor productivity in final goods production. A manufacturer’s profit can then be written as

𝑉𝑌 (𝑡) = 𝑌 (𝐴𝑌 (𝑡), 𝐾𝑌 (𝑡), 𝐿𝑌 ) −𝑤(𝑡)𝐿𝑌 (𝑡) − [𝛿 + 𝑟(𝑡)]𝐾𝑌 (𝑡) (12)

with 𝛿 ≥ 0 denoting the rate of capital depreciation. Note that 𝑉𝑌 (𝑡) = 0 in a competitive equilibrium.

11 In a slight abuse of notation, 𝑁(𝑡) denotes the population size at time 𝑡, whereas 𝑁(𝑎, 𝑡) represents the size of the cohort aged 𝑎 at time 𝑡.
5
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Health care goods and services are produced by employment of labour 𝐿𝐻 (𝑡), and capital 𝐾𝐻 (𝑡) according to the production
unction

𝐹 (𝐴𝐻 (𝑡), 𝐾𝐻 (𝑡), 𝐿𝐻 (𝑡)) = 𝐴𝐻 (𝑡)𝐾𝐻 (𝑡)𝛽1𝐿𝐻 (𝑡)𝛽2 , (13)

with 𝛽1 + 𝛽2 < 1, implying decreasing returns to scale, and with 𝐴𝐻 (𝑡) denoting total factor productivity in the health care sector.
In assuming decreasing returns to scale we follow Acemoglu and Finkelstein (2008) who study the impact of the introduction of
prospective reimbursement on hospitals’ input choices. They show that the increase in labour costs following the introduction of
prospective reimbursement has led to a reduction of labour inputs but not of capital inputs. As they argue, this is consistent only
with a decreasing returns to scale technology. Decreasing returns to scale imply the presence of quasi-fixed factors at the level of the
individual provider and, more importantly in our case, at the sectoral level. Bilodeau et al. (2000, 2004) and Ouellette and Vierstraete
(2004) show that quasi-fix physician supply and capital in the hospital sector lead to a deviation from long-run cost minimization
at the hospital level and to decreasing returns and a failure for productivity change to trigger cost savings at the sectoral level.
In addition, Cremieux et al. (2005) show that lacking flexibility in the adjustment of certain bottleneck outcomes implies that cost
grows with demand in both private and public hospital markets. They also show that these rigidities are aggravated by technological
progress. In light of this evidence our assumption of decreasing returns should be well founded.

Recalling the price for health care 𝑝𝐻 (𝑡), the profit of a health care provider is then given by

𝑉𝐻 (𝑡) = 𝑝𝐻 (𝑡)𝐹 (𝐴𝐻 (𝑡), 𝐾𝐻 (𝑡), 𝐿𝐻 (𝑡)) −𝑤(𝑡)𝐿𝐻 (𝑡) − [𝛿 + 𝑟(𝑡)]𝐾𝐻 (𝑡). (14)

Decreasing returns to scale in the health care sector imply 𝑉𝐻 (𝑡) > 0, i.e. the existence of a producer rent, in a competitive
equilibrium. Finally, we assume a medical R&D sector, the output of which is augmenting the state of medical technology 𝑀(𝑡)
according to

𝑀̇(𝑡) = 𝐺(𝐴𝑀 (𝑡), 𝐾𝑀 (𝑡), 𝐿𝑀 (𝑡)) = 𝐴𝑀 (𝑡)𝐾𝑀 (𝑡)𝛾𝐿𝑀 (𝑡)1−𝛾 , (15)

with 𝐾𝑀 (𝑡), 𝐿𝑀 (𝑡) and 𝐴𝑀 (𝑡), respectively, denoting capital and labour inputs as well as total factor productivity in the medical
R&D sector. Note that we understand medical innovations to be product rather than process innovations. In this sense, improved
medical technologies, 𝑀(𝑡), raise the effectiveness of health care, ℎ (𝑎, 𝑡), in lowering mortality, 𝜇ℎ𝑀 < 0; but do not bear on the
production function (13) and, thus, on the unit cost of ℎ (𝑎, 𝑡). As we show in Frankovic et al. (2020a) this notion of medical progress
is consistent with the slow rate of productivity growth of the health care sector (e.g. Faere et al., 1997; Spitalnic et al., 2016) as
well as with the inflation of the price for health care. We also show that medical progress leads to a ceteris paribus reduction in
the quality-adjusted price for health care, as is again in line with evidence (e.g. Cutler et al., 1998; Dunn, 2012; Lakdawalla et al.,
2015; Hult et al., 2018).12

Profits in the medical R&D sector are given by

𝑉𝑀 (𝑡) = 𝑝𝑀 (𝑡)𝐺(𝐴𝑀 (𝑡), 𝐾𝑀 (𝑡), 𝐿𝑀 (𝑡)) −𝑤(𝑡)𝐿𝑀 (𝑡) − [𝛿 + 𝑟(𝑡)]𝐾𝑀 (𝑡). (16)

with 𝑝𝑀 (𝑡) denoting the price for new medical technology. We assume that while the providers of medical technology have market
power on the output market (e.g. due to patent protection) they act competitively on the factor markets, which in turn implies
𝑉𝑀 (𝑡) = 0 in equilibrium.13 The effectiveness of health care in lowering mortality, 𝑀(𝑡), will grow endogenously according to (15)
with the production level in the medical R&D sector being determined by the profits in the health care sector according to

𝑝𝑀 (𝑡)𝐺(𝐴𝑀 (𝑡), 𝐾𝑀 (𝑡), 𝐿𝑀 (𝑡)) = 𝑉𝐻 (𝑡). (17)

This is tantamount to assuming that by setting a price 𝑝𝑀 (𝑡) = 𝑉𝐻 (𝑡)∕𝐺(.) per unit of innovative output R&D firms are able to
fully extract competitive rents within the health care sector. We motivate this by referring to (perfect) quality competition between
health care providers. The need to provide services based on the state-of-the-art technology to attract demand from patients (or
their referring physicians) motivates them to purchase incrementally better technologies up to the point that all profit is extracted.
Chandra et al. (2016) provide recent evidence for precisely this form of quality competition in the US health care sector.14

From the perspective of the R&D industry, our modelling is in the spirit of Acemoglu and Linn (2004) who assume that consumers
are willing to pay a mark-up only for the newest generation of technologies, i.e. only for 𝑀̇(𝑡) = 𝐺(.). Even when assuming patent
protection, the entry of new R&D firms will then lead to the erosion of the future profit stream beyond 𝑡. While this abstracts from
a number of features of patenting and the R&D processes at the firm level, we note that it is consistent with the industry-level
modelling and evidence in e.g. Acemoglu and Linn (2004) or Kyle and McGahan (2012).15

12 An increase in total factor productivity in the health care sector, 𝐴𝐻 , is much more difficult to reconcile with the evidence. First, it contradicts the finding
of slow productivity growth in respect to non-quality-adjusted clinical output in Faere et al. (1997) and Spitalnic et al. (2016). Second, as can be glanced
from equation (C.12) in Appendix C, an increase in total factor productivity would imply a decline in the nominal price for health care, 𝑝𝐻 , which stands in
contrast to observed medical price inflation. Of course, one could reinterpret medical output ℎ(𝑎, 𝑡) as ‘‘effective’’, i.e. quality-adjusted, units of health care and,
thus, 𝑝𝐻 as a quality-adjusted price. However, this introduces an unnecessary level of abstraction into the model and renders much more difficult its calibration
in respect to the observed nominal price 𝑝𝐻 and expenditure 𝑝𝐻𝐻(𝑡).

13 This twin assumptions of market power in the product market and perfect competition in the factor markets are typical for the modelling of R&D in
acroeconomic contexts (e.g. Romer, 1990; Kuhn and Prettner, 2016).
14 Of course, the notion of perfect competition within the health care sector amounts to a stylization. We opt for this simplification (i) as it is perfectly apt

o reproduce the observed patterns of data, in particular, the price for medical care, overall health expenditure, and the rate of medical innovation; and (ii) as
e do not see any reasons for why a more complicated model of imperfect competition should give rise to any different patterns of the relevant data.
15 Specifically, our model features a positive impact on R&D of market size and a negative impact of the interest rate. A positive impact of patent protection

an be addressed as part of the generalization presented in Appendix B.
6



Journal of Health Economics 87 (2023) 102717I. Frankovic and M. Kuhn

c
p
N
a
p
s

f
o
o
o
I
s
t

R
a
s
e
c
t
t
M
c

2

p
m
(
a

b

w
p

h

a
F

t

The formulation of medical R&D as a process that is (primarily) fuelled by the demand for innovations by the domestic (US) health
are sector may be criticized on a number of counts: it abstracts from (i) public R&D that often lays the basis for private R&D; (ii)
atent protection; (iii) international demand for medical innovations; and (iv) the subsidization of private medical R&D (e.g. through
IH programmes in the US). In Appendix B we sketch a generalization of the model that allows to capture the four channels (if in
stylized way). We show the following. (i) Public R&D can be understood to directly enter a generalized measure of total factor

roductivity 𝐴𝑀 (𝑡). (ii) Patent protection can be understood as a measure 𝑥(𝑡) ∈ [0, 1] of the extent to which R&D firms can extract
urplus 𝑉𝐻 (𝑡) from the health care sector. (iii) and (iv) Profits generated from international sales 𝑉𝑀 (𝑡) and the subsidization of

private R&D at rate 𝑠 ∈ [0, 1] can be incorporated as a mark-up onto the domestic price for innovations. Perfect competition in the
actor markets can then be shown to erode the mark-up and lead to an equilibrium price 𝑝𝑀 (𝑡)∗ that is equivalent to the one in
ur baseline model, while subsidies, the extent of patent protection and international demand translate into an expansion of R&D
utput, 𝑀̇(𝑡) = 𝑥(𝑡)𝑉𝐻 (𝑡)+𝑉𝑀 (𝑡)

(1−𝑠)𝑝∗𝑀 (𝑡) . Notably we see that despite these amendments R&D output increases proportionately with the value
f the home market 𝑉𝐻 (𝑡), implying that changes to this value (under an expansion of health insurance) will scale into higher R&D.
n light of consistent evidence of a US world market share in excess of 50% for pharmaceuticals and medical technology,16 this
uggests a sizeable impact on R&D of variations in 𝑉𝐻 (𝑡) whatever is the level of 𝑉𝑀 (𝑡). Our calibration in Section 3.1 matches
he growth rate of R&D output 𝑀̈(𝑡) ∶= 𝑑𝑀̇(𝑡)∕𝑑𝑡 against the rate of US patent growth and the time path of health expenditure in

the data by selecting an appropriate level and growth trend on total factor productivity 𝐴𝑀 (𝑡). Given that the exogenous drivers of
&D in (i)-(iv) are reflected in the rate of US patent growth, they can be understood to be embedded in the calibration of 𝐴𝑀 (𝑡)
s a generalized notion of total factor productivity. Notably, the exogenous trend in 𝐴𝑀 (𝑡) remains present in the counterfactual
imulations undertaken in Section 4.1, such that the results reflect home market impacts on R&D. Our analysis shows that the
xpansion of US health insurance explains about 39% of the rate of medical innovation over the time span 1965 to 1990, which is
omparable in magnitude to the findings by Clemens and Olsen (2021) who estimate that 20% to 30% of medical patenting over
he same time horizon is explained by the introduction of Medicare/Medicaid in 1965. Clemens and Olsen (2021) further show
hat while the medical patent share in the US was following a similar time path to the rest of the world before the introduction of
edicare/Medicaid, it showed a deviating upward trend afterwards. The absence of a sizeable boost to innovation rates abroad is

onsistent with a home market bias.17

.4. Health insurance, social security and accidental bequests

Health expenditures are subsidized through (a) private health insurance with coinsurance rate 𝜙𝑃 (𝑎, 𝑡), and (b) public insurance
rovided by Medicare, Medicaid and other public programmes. We assume that Medicare is only available to the elderly (after the
andatory retirement age 𝑎𝑅 = 65) with coinsurance rate 𝜙𝑀𝐶 (𝑎, 𝑡) > 0 ⇔ 𝑎 ≥ 𝑎𝑅 and Medicaid only to those of working age
𝑎 < 𝑎𝑅) with a coinsurance rate 𝜙𝑀𝐴(𝑎, 𝑡) > 0 ⇔ 𝑎 < 𝑎𝑅. The remaining public programmes are assumed to be available to all
ge-groups at a coinsurance rate 𝜙𝑅𝑃 (𝑎, 𝑡) > 0. Altogether, coinsurance at (𝑎, 𝑡) is then given by

𝜙(𝑎, 𝑡) = 𝜙𝑃 (𝑎, 𝑡) + 𝜙𝑀𝐶 (𝑎, 𝑡) + 𝜙𝑀𝐴(𝑎, 𝑡) + 𝜙𝑅𝑃 (𝑎, 𝑡).

Private health insurance is financed through a ‘‘risk-adequate’’ premium equal to the expected health expenditure that is covered
y the insurance. The premium is thus given by

𝜏𝑃 (𝑎, 𝑡) =
[

1 − 𝜙𝑃 (𝑎, 𝑡)
]

𝑝𝐻 (𝑡)ℎ∗(𝑎, 𝑡), (18)

here ℎ∗(𝑎, 𝑡) denotes the equilibrium consumption of health care at age 𝑎 and time 𝑡. All public programmes are financed through
ayroll taxes with the rates 𝜏𝑀𝐶 (𝑡), 𝜏𝑀𝐴(𝑡) and 𝜏𝑅𝑃 (𝑡), such that the budget constraints

∫

𝜔

𝑎𝑅

[

1 − 𝜙𝑀𝐶 (𝑎, 𝑡)
]

𝑝𝐻 (𝑡)ℎ∗(𝑎, 𝑡)𝑁(𝑎, 𝑡)𝑑𝑎 = 𝜏𝑀𝐶 (𝑡)𝑤(𝑡)𝐿(𝑡), (19)

∫

𝑎𝑅

0

[

1 − 𝜙𝑀𝐴(𝑎, 𝑡)
]

𝑝𝐻 (𝑡)ℎ∗(𝑎, 𝑡)𝑁(𝑎, 𝑡)𝑑𝑎 = 𝜏𝑀𝐴(𝑡)𝑤(𝑡)𝐿(𝑡), (20)

∫

𝜔

0

[

1 − 𝜙𝑅𝑃 (𝑎, 𝑡)
]

𝑝𝐻 (𝑡)ℎ∗(𝑎, 𝑡)𝑁(𝑎, 𝑡)𝑑𝑎 = 𝜏𝑅𝑃 (𝑡)𝑤(𝑡)𝐿(𝑡) (21)

old.
In our numerical analysis we assume 𝜋 (𝑎, 𝑡) to be pension benefits, implying that

𝜋 (𝑎, 𝑡) =
{

0 ⇔ 𝑎 < 𝑎𝑅
𝜋(𝑡) ≥ 0 ⇔ 𝑎 ≥ 𝑎𝑅

16 While publicly available sales data is scarce, Scott Morton and Kyle (2012) refer to a 50% percent share of the US in world pharmaceutical sales since
t least the 1980s. The US market share for newly developed pharmaceuticals stood at even 63.7% over the time span 2015–2020 according to the European
ederation of Pharmaceutical Industries and Associations ‘‘The pharmaceutical industry in figures: Key data report 2021’’.
17 Thomas (1996) reports that in 1985, US-based pharmaceutical companies were selling a little less than 60 percent domestically, which further corroborates
7

he claim of a sizeable home market effect.
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with 𝜋(𝑡) a uniform pension benefit at time 𝑡 and 𝑎𝑅 the retirement age. In such a setting the individual supply of effective labour
follows 𝑙(𝑎, 𝑡) = 𝑙̂(𝑎, 𝑡) ≥ 0 ⇔ 𝑎 < 𝑎𝑅 and 𝑙(𝑎, 𝑡) ≡ 0 ⇔ 𝑎 ≥ 𝑎𝑅. Social security is financed through a payroll tax with the rate 𝜏𝛱 (𝑡)
such that the social security budget constraint

∫

𝜔

𝑎𝑅
𝜋(𝑡)𝑁(𝑎, 𝑡)𝑑𝑎 = 𝜏𝛱 (𝑡)𝑤(𝑡)𝐿(𝑡) (22)

is satisfied.
Overall, we obtain the following tax payments from the perspective of an (𝑎, 𝑡)-individual

𝜏(𝑎, 𝑡) =
[

𝜏𝑀𝐶 (𝑡) + 𝜏𝑀𝐴(𝑡) + 𝜏𝑅𝑃 (𝑡) + 𝜏𝛱 (𝑡)
]

𝑤(𝑡)𝑙(𝑎, 𝑡) + 𝜏𝑃 (𝑎, 𝑡) .

Note that the public health insurance taxes as well as the social security tax tend to redistribute surplus across age groups and are
non-distortionary since labour supply is not a decision variable. Detail on the specific calibration of health insurance and social
insurance is provided in Section 3.1.

Finally, we assume that per capita bequests are given by

𝑠(𝑡) =
∫ 𝜔0 𝜇(𝑎, 𝑡)𝑘(𝑎, 𝑡)𝑁(𝑎, 𝑡)𝑑𝑎

𝑁(𝑡)
,

following an equal sharing rule.18

2.5. Individual life-cycle optimum

In Appendix A we show that the solution to the individual life-cycle problem is given by the following two sets of conditions
(see Appendix A for the corresponding dynamics)

𝑢𝑐 (𝑐 (𝑎, 𝑡))

exp
{

− ∫ 𝑎𝑎
[

𝜌 + 𝜇
(

̂̂𝑎, 𝑡 + ̂̂𝑎 − 𝑎
)]

𝑑̂̂𝑎
}

𝑢𝑐
(

𝑐
(

𝑎, 𝑡 + 𝑎 − 𝑎
))

= exp

[

∫

𝑎

𝑎
𝑟
(

𝑡 + ̂̂𝑎 − 𝑎
)

𝑑̂̂𝑎

]

, (23)

𝜓 (𝑎, 𝑡) =
−𝜙 (𝑎, 𝑡) 𝑝𝐻 (𝑡)

𝜇ℎ (𝑎, 𝑡)
∀ (𝑎, 𝑡) , (24)

describing the optimal pattern of consumption 𝑐 (𝑎, 𝑡) and the demand for health care ℎ (𝑎, 𝑡), respectively, of an individual aged 𝑎 at
time 𝑡. Condition (23) requires that the marginal rate of intertemporal substitution between consumption at any two ages/years (𝑎, 𝑡)
and

(

𝑎, 𝑡 + 𝑎 − 𝑎
)

equals the compound interest. Note that in the absence of annuities, the uninsured mortality risk can be interpreted
as an additional factor of discounting, implying an effective discount rate 𝜌 + 𝜇 (𝑎, 𝑡) at any (𝑎, 𝑡).

Condition (24) requires that at each (𝑎, 𝑡) the private value of life, i.e. the willingness to pay for survival, 𝜓 (𝑎, 𝑡), equals the price
f survival, −𝜙 (𝑎, 𝑡) 𝑝𝐻 (𝑡) ∕𝜇ℎ (𝑎, 𝑡). Here, the consumer price for health care, 𝜙 (𝑎, 𝑡) 𝑝𝐻 (𝑡), is converted into a price of survival by
eighting with the number of units of health care required for a unit reduction in mortality,

[

𝜇ℎ (𝑎, 𝑡)
]−1. The private value of life

s defined by

𝜓 (𝑎, 𝑡) ∶= ∫

𝜔

𝑎
𝑣
(

𝑎, 𝑡 + 𝑎 − 𝑎
)

𝑅
(

𝑎, 𝑎
)

𝑑𝑎, (25)

ith

𝑣 (𝑎, 𝑡) ∶=
𝑢(𝑐 (𝑎, 𝑡))
𝑢𝑐 (⋅)

, (26)

and

𝑅
(

𝑎, 𝑎
)

∶= exp

[

−∫

𝑎

𝑎
𝑟
(

𝑡 + ̂̂𝑎 − 𝑎
)

𝑑̂̂𝑎

]

, (27)

and amounts to the discounted stream of consumer surplus, 𝑣 = 𝑢 (⋅) ∕𝑢𝑐 (⋅) taken over the expected remaining life-course [𝑎, 𝜔].
t is readily checked that the value of life at each (𝑎, 𝑡) increases (i) with the level of the individual’s consumption and, thus, the
ndividual’s income, and (ii) with the state of the medical technology, the latter effect arising as technology-induced mortality
eductions, 𝜇𝑀

(

𝑎, 𝑡 + 𝑎 − 𝑎
)

< 0, cause a reallocation of consumption towards later life-years over the remaining life-course 𝑎 ∈ (𝑎, 𝜔).
The price of survival (𝑎, 𝑡), in turn, decreases (i) with health insurance coverage, 1 − 𝜙 (𝑎, 𝑡), at (𝑎, 𝑡), and (ii) with the state of the
medical technology, given that the latter raises the effectiveness of health care, 𝜇ℎ𝑀 (𝑎, 𝑡) < 0. Thus, intuitively, the demand for
medical care will – ceteris paribus – increase with income, with health insurance coverage, and with the state of the medical
technology. Our numerical analysis shows that these same three drivers of the (individual and aggregate) demand for health care
are operative in general equilibrium.

18 In order to ease on notation, we will subsequently refer to the shortcut 𝜇(𝑎, 𝑡) for 𝜇(𝑎, ℎ(𝑎, 𝑡),𝑀(𝑡)).
8
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In order to discuss the demand function for health care, we have provided a representation of the first-order conditions for each
ge/time pair (𝑎, 𝑡). We provide and discuss the associated life-cycle dynamics for 𝑐(𝑎, 𝑡), ℎ(𝑎, 𝑡) and 𝜓(𝑎, 𝑡) in Appendix A

.6. General equilibrium

Perfectly competitive firms in the three sectors 𝑗 = 𝑌 ,𝐻,𝑀 choose labour 𝐿𝑗 (𝑡) and capital 𝐾𝑗 (𝑡) so as to maximize their
espective period profit (12), (14) and (16). The six first-order conditions determine the six (sector-specific) factor demand functions,
epending on the set of prices

{

𝑟 (𝑡) , 𝑤 (𝑡) , 𝑝𝐻 (𝑡) , 𝑝𝑀 (𝑡)
}

.19 Likewise, we obtain the age-specific demand for consumption goods 𝑐 (𝑎, 𝑡)
nd health care ℎ (𝑎, 𝑡) from the set of first-order conditions (23) and (24) of the individual life-cycle problem. The age profile of
ndividual wealth 𝑘 (𝑎, 𝑡) then follows implicitly from the life-cycle budget constraint (3). Aggregating across the age-groups alive at
ach point in time 𝑡 according to (7)–(10) gives us the aggregate supply of capital 𝐾 (𝑡) and labour 𝐿 (𝑡), as well as the aggregate
emand for consumption 𝐶 (𝑡) and health care 𝐻 (𝑡). The general equilibrium characterization of the economy is completed by the
et of five market clearing conditions

𝐿𝑌 (𝑡) + 𝐿𝐻 (𝑡) + 𝐿𝑀 (𝑡) = 𝐿(𝑡)

𝐾𝑌 (𝑡) +𝐾𝐻 (𝑡) +𝐾𝑀 (𝑡) = 𝐾(𝑡)

𝑌 (𝐴𝑌 (𝑡), 𝐾𝑌 (𝑡), 𝐿𝑌 (𝑡)) = 𝐶(𝑡) + 𝐾̇(𝑡) + 𝛿𝐾(𝑡)

𝐹 (𝐴𝐻 (𝑡), 𝐾𝐻 (𝑡), 𝐿𝐻 (𝑡)) = 𝐻(𝑡)

𝑝𝑀 (𝑡)𝐺(𝐴𝑀 (𝑡), 𝐾𝑀 (𝑡), 𝐿𝑀 (𝑡)) = 𝑉𝐻 (𝑡)

orresponding to the labour market, the capital market, the market for final goods, the market for health care and the market for
edical innovation, respectively. From these, we then obtain a set of equilibrium prices

{

𝑟∗ (𝑡) , 𝑤∗ (𝑡) , 𝑝∗𝐻 (𝑡) , 𝑝∗𝑀 (𝑡)
}

and the level
f net capital accumulation

⋅
𝐾 (𝑡). Appendix C provides a more detailed characterization based on the Cobb–Douglas production

unctions specified in (11), (13) and (15), respectively.

. Numerical analysis: Calibration and benchmark

Following a description of our numerical analysis, we present the outcomes for a benchmark scenario that features a realistic
conomy calibrated to US data from 1960 to 2005 with respect to the macroeconomic development in this period, the development
f longevity, the institutional changes as well as the life-cycle profiles (see Section 3.2 and Appendix E). We subsequently use this to
xamine the role of health insurance in a number of counterfactual numerical experiments. While we assume general equilibrium,
e do not impose balanced growth assumptions but rather consider the economy’s development over the time span 1960–2005 as a

ransition path between two steady states, lying outside the time frame under consideration. Technical information on the numerical
olution method is provided in Appendix D.

.1. Specification and calibration

The main components of our numerical model are specified as follows.

emography
Individuals enter the model economy at age 20 and can reach a maximum age of 100 with model time progressing in single

ears.20 In our model, a ‘‘birth’’ at age 20 implies a maximum age 𝜔 = 80. Population dynamics are partly endogenous due to
ortality that is determined within the model and partly exogenous due to a fixed growth schedule of ‘‘births’’ at rates 𝜈(𝑡). The
umber of births at time 𝑡 is given by

𝐵(𝑡) = 𝐵0 exp
[

∫

𝑡

0
𝜈(𝑡)𝑑𝑡

]

, 𝐵0 > 0.

he time-dependence of the growth rate of births will be set (in consideration of endogenous mortality) to match the age-structure
f the United States between 1965 and 2005, see Table 2.21 Due to the exogenous path of births, our results will not be driven by
hanging birth numbers across the experiments. This notwithstanding, with the bulk of mortality lying beyond the fecund years
ince the second half of the 20th century, we do not expect the assumption of an exogenous flow of births to have any great impact
n our results.

19 With appropriate Inada conditions on the production functions, we always have an interior allocation with 𝐿𝑀 (𝑡) = 𝐿(𝑡) − 𝐿𝑌 (𝑡) − 𝐿𝐻 (𝑡) ∈ (0, 𝐿 (𝑡)) and
𝑀 (𝑡) = 𝐾 (𝑡) −𝐾𝑌 (𝑡) −𝐾𝐻 (𝑡) ∈ (0, 𝐾 (𝑡)).
20 We follow the bulk of the literature and neglect life-cycle decisions during childhood.
21 Note that our measures of age-structure, namely the population share of individuals aged 65 or older as well as the employment-population ratio, refer to
9

he population aged 20 or older in the denominator.
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Mortality
The force of mortality 𝜇(𝑎, 𝑡) = 𝜇 (ℎ (𝑎, 𝑡) ,𝑀 (𝑡)) is endogenously determined in the model and depends on health care, ℎ (𝑎, 𝑡), as

a decision variable, and on the level of medical technology, 𝑀 (𝑡). Adapting Hall and Jones (2007), we formulate

𝜇(𝑎, 𝑡) = 𝜂(𝑎, 𝑡)ℎ(𝑎, 𝑡)𝜅(𝑎)𝑀(𝑡), (28)

where 𝜂(𝑎, 𝑡). is an exogenous shifter of mortality. We then calibrate the parametric components of (28) as follows.
First, we guess values for ℎ(𝑎, 𝑡), 𝜅(𝑎) and 𝑀(𝑡).22 In order to capture the age-component of 𝜂(𝑎, 𝑡), we consider the year 1965 and

find the pattern for 𝜂 (𝑎, 1965) that generates age-specific mortality rates for the US that match the data in the Human Mortality
Database given the guesses for other components of the equation.23 Imposing empirically observed time-paths for age-specific
mortality, we then fit a time trend to 𝜂 (𝑎, 𝑡) that explains 50% of the decline in average mortality over the time span 1960–2015,
leaving the other 50% explained to health care. In doing so, we follow the evidence in Ford et al. (2006), Cutler (2008), Buxbaum
et al. (2020) and Fonseca et al. (2021) that around 50% of the decline in mortality can be attributed to medical care.24,25 In order
to gauge the robustness of this assertion, we consider in Appendix F (Figure 5) both a downward and upward deviation of 𝜂 (𝑎, 𝑡)
by a factor of 0.5 and 1.5, respectively.26 Considering the impact of these changes on health care spending, life expectancy and the
rate of medical progress within the benchmark and counterfactual scenario, respectively, we find that besides the expected shift in
the level of life expectancy, our results are largely robust.

Second, and turning to the part of mortality that is amenable to health care, we now reset 𝜅, such that the elasticity of mortality
with respect to health care utilization, 𝜅(𝑎)𝑀(𝑡), lies in the range of values provided by Hall and Jones (2007).27

Third, we choose the value for the total factor productivity in the medical R&D sector 𝐴𝑀 , as well as the initial level and growth
rate of 𝑀(𝑡), such that the growth rate of medical patents (𝑀̈) is in line with empirical data (see Subsubsection Production below).
This implies deviating from the initially guessed path for 𝑀(𝑡). The new 𝜅(𝑎) and 𝑀(𝑡) are now used as initial guesses, and the
procedure is repeated until we obtain a set of mutually consistent parameters, which also implies the paths for mortality and health
expenditures observed in the data.

Utility
We assume instantaneous utility to be given by

𝑢(𝑎, 𝑡) = 𝑏 +
𝑐(𝑎, 𝑡)1−𝜎

1 − 𝜎
,

here we choose the inverse of the elasticity of intertemporal substitution to be 𝜎 = 1.1 which is within the range of the empirically
consistent values suggested by Chetty (2006). Setting 𝑏 = 15 then guarantees that 𝑢(𝑎, 𝑡) ≥ 0 throughout and generates an average
value of life across the population at time 𝑡 = 1965 and 𝑡 = 2000 that lies within the range of plausible estimates, as suggested by
Costa and Kahn (2004), Murphy and Topel (2006) and Hall and Jones (2007) and documented in Table 2. Moreover, we assume a
standard rate of time preference 𝜌 = 0.03.

Finally, we impose a minimum consumption level equal to the social security benefit at a given point in time. We do so to avoid
negative asset holdings at old age, as would otherwise result from ex-ante optimization.28 Given that retirees cannot usually borrow
against future pension income and given that individuals are downspending their assets in old age (as they do within our model)
the minimum consumption constraint is plausible.

22 We choose the initial guess for ℎ(𝑎, 𝑡) to be in line with trends in age-specific health expenditures as well as the total aggregate share of health-expenditures
n the US economy over time as reported by the National Health Expenditure Tables in the National Health Accounts (NHA).
23 The database is available at https://www.mortality.org/. See also Frankovic et al. (2020b) for a visualization of the mortality data.
24 Ford et al. (2006) decompose the 1980–2000 decline in coronary mortality in the US into contributing factors and show that around 47% can be explained
y medical treatments. Cutler (2008) arrives at a figure of 55% for cancer and Buxbaum et al. (2020) confirm this in respect to a contribution of 48% of
harmaceuticals and medical care to the 1990–2015 increase in life expectancy. Finally, Fonseca et al. (2021) arrive by way of structural estimation at a
ontribution of medical progress of 47% to the increase in US life expectancy between 1965 and 2005
25 While it is straightforward to interpret the 50% of the decline in mortality that is explained by the time trend of 𝜂 (𝑎, 𝑡) as the overall outcome of behavioural,

ocial (educational expansion) and environmental changes, we were unable to retrieve evidence that would disentangle these effects, which may reinforce or
ffset each other (e.g. a decline in smoking being offset by an increase in obesity). While this would be an interesting exercise in its own right, it is immaterial for
he present analysis. Furthermore, one may question whether the impact of behaviours as well as social and environmental circumstances on mortality interacts
n a multiplicative way with the impact of health care. While lacking robust evidence on such a complementarity, we believe it to be intuitive. Provided we
re considering life-saving types of medical care, such care is most effective for unhealthy individuals who are facing a high mortality risk due to behavioural,
ocial or environmental factors.
26 While this shifts the level of mortality, importantly, it also alters the exogenous time trend to half and 1.5 times the benchmark trend, respectively.
27 Specifically, 𝜅(𝑎)𝑀(𝑡) ranges from −0.2 to −0.04 in the year 2005 and is thus close to the estimates of Hall and Jones (2007). For the year 1965, for which

he level of medical technology is considerably lower, 𝜅(𝑎)𝑀(𝑡) ranges from −0.05 to −0.01. This implies a considerable increase in medical effectiveness over
the period 1965–2005. While we cannot quote direct evidence on the impact of medical progress on medical effectiveness, Gallet and Doucouliagos (2017) find
some evidence in a meta-regression analysis that the elasticity of mortality with respect to health spending in absolute terms does, indeed, increase over time.

28 Individuals choose old-age consumption at the beginning of their life, attaching a low probability to reaching very high ages. Consumption allocated to
these ages (in the absence of a minimum consumption level) is thus very low and can fall below the social security income, such that it is optimal to pay back
debt (accumulated to finance consumption at earlier ages) at very high ages with excess social security income.
10
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Effective labour supply and income
We assume effective labour supply 𝑙(𝑎, 𝑡) = 𝑙1 (𝑎) 𝑙2 (𝑡) to be composed of a component 𝑙1 (𝑎), reflecting age-specific labour supply,

and a time-specific component 𝑙2 (𝑡), reflecting the impact of general health status on earnings as recently identified by Kotschy
(2021). We comment on these two components in turn.

Following Frankovic et al. (2020a,b), we construct the age-specific labour supply 𝑙1 (𝑎) by employing an age-specific income
schedule built from 2003 earnings data [Bureau of Labour Statistics (BLS), Current Population Survey (CPS)] and rescaling it such
that the employment-population ratio 𝐿(𝑡)∕𝑁(𝑡) matches the empirical value of 62% for the US in 2003 as reported by the BLS. We
assume that the age-specific labour supply is constant throughout the whole time horizon with GDP per capita growth as specified
in the next subsection. Individuals at the age 65 or older are assumed to have no income from labour but receive a fixed social
security pension for the remainder of their lifetime, as detailed further on below.

Following recent evidence by Kotschy (2021), we assume that the health improvements that underlie the ongoing increase in
longevity come with general productivity gains, as captured by 𝑙2 (𝑡). Considering quasi-experimental variation in cardiovascular
mortality across US states over the time span 1940–2000, Kotschy (2021) identifies a causal impact of mortality, or equivalently,
life expectancy on productivity, which – importantly – is to large extent not transmitted through changes in individual labour
supply but rather through changes in hourly wages 𝑙2 (𝑡)𝑤 (𝑡). The wage increase can partly be attributed to educational investments
triggered by longevity improvements and partly to a direct effect of better cardiac treatment on productivity. Either way, we assume
that at the point at which they decide on their health care, individuals take the hourly wage rate as given. Following the evidence
in Kotschy (2021) we thus assume

𝑙2 (𝑡) =
(

𝐿𝐸 (𝑡)
𝐿𝐸

)𝜒
,

here 𝐿𝐸 (𝑡) is life-expectancy at birth at time 𝑡, and where 𝐿𝐸 > 0 and 𝜒 > 0. Following Kotschy’s (2021) estimates, we set 𝜒 = 1.65
nd then choose 𝐿𝐸 = 78 for the purpose of normalization.29

Production
Following the bulk of the literature, we set the elasticity of capital in final goods production (11) to 𝛼 = 1∕3. In regard to

productivity growth we assume that 𝐴𝑌 (𝑡) grows at a rate of 1.33% per year, such that the GDP per capita is growing in line
with the data.30 We set the elasticity of capital and labour in the production of health care (13) to 𝛽1 = 0.1945 and 𝛽2 = 0.778,
respectively,31 such that (i) profits accrue in the health care sector and (ii) the medical R&D share in total GDP lies within the range
of empirical data for the time span 1960–2005, see Table 2.32 Total factor productivity in the medical sector, 𝐴𝐻 (𝑡), is assumed to
grow at a rate of 0.5%, reflecting slow productivity growth within labour-intensive sectors.33 For the production of medical R&D
according to (15) we assume 𝛾 = 0.33, following the capital elasticity quoted in Acemoglu and Guerrieri (2008) for the category
of professional and scientific services. Total factor productivity in the R&D sector 𝐴𝑀 = 0.09 is chosen such that (i) the resulting
path of R&D output, 𝑀̇(𝑡), is consistent with the observed patterns of health expenditure ℎ(𝑎, 𝑡) and mortality 𝜇(𝑎, 𝑡) over time (see
ubsubsection Mortality); and (ii) the growth rate of the annual R&D output, 𝑀̈(𝑡) ∶= 𝑑𝑀̇(𝑡)∕𝑑𝑡, is in accordance with the growth
ate of medical patents, as provided by the US Patent Office, see Table 2. Finally, we assume a rate of capital depreciation equal to
= 0.05.

ealth insurance and social security
In order to calibrate the coinsurance rate for the various forms of health insurance – private, Medicare, Medicaid and other

ublic (for details recall Section 2.4) – we set the retirement age 𝑎𝑅 = 65 and employ data on coverage in the US from the National
enter for Health Statistics (NCHS). The NCHS reports sources of payments for health care among the young (<65 years old) and
he elderly (≥65 years), providing information on the proportions of total health expenditures that were paid for out-of-pocket and
hrough private insurance, Medicare, Medicaid and other public insurance programmes, respectively.34 Fig. 2 shows the evolution

29 Recalling that 𝑤 (𝑡) and 𝐿 (𝑡) = ∫ 𝜔
0 𝑙(𝑎, 𝑡)𝑆(𝑎, 𝑡)𝐵(𝑡 − 𝑎)𝑑𝑎 denote the wage rate per effective unit of labour and effective labour supply, respectively, we can

then write the hourly wage as 𝑙2 (𝑡)𝑤 (𝑡) and effective labour supply as 𝐿 (𝑡) = 𝑙2(𝑡) ∫
𝜔
0 𝑙1(𝑎)𝑆(𝑎, 𝑡)𝐵(𝑡− 𝑎)𝑑𝑎, where 𝑙2(𝑡) is a measure of health-related productivity

nd where ∫ 𝜔
0 𝑙1(𝑎)𝑆(𝑎, 𝑡)𝐵(𝑡 − 𝑎)𝑑𝑎 is the aggregate supply of man hours.

30 As a data source we use the ‘‘Real gross domestic product per capita’’ as provided by the Federal Reserve Bank of St. Louis. Note, however, that 𝐴𝑌 (𝑡) does
ot determine GDP per capita growth alone, with the evolution of demography, medical technology, health expenditures and other factors also playing a role.
31 We start from the estimates of 𝛽1 = 0.2 and 𝛽2 = 0.8 in Acemoglu and Guerrieri (2008) but then reduce both values to match the medical R&D share in the
S while preserving that 𝛽2 = 4𝛽1.
32 We construct the empirical targets for the medical R&D share of GDP from Table 2 in the following way. We use the time series on US R&D expenditures

rom the Federal Reserve Bank of St. Louis (Table ‘‘Y694RC1A027NBEA’’) and use GDP data from the same database (Table ‘‘GDPA’’) to construct R&D shares
f GDP for each year. We then use data from Figure 2 in Jones (2016), which state the share of US R&D expenditures devoted to medical themes. (We use the
ean across the multiple data sources employed by Jones (2016).) Combining this data we obtain a time series for the medical R&D-share of GDP in the US.
33 This choice of value is in line with Faere et al. (1997) and Spitalnic et al. (2016) who measure productivity growth in the US health care sector based on

he quantity rather than the quality of services and find average productivity growth rates of 0.1–0.7%. While medical progress in the sense of better health
nd mortality outcomes is measured by 𝑀(𝑡), the measure of increased quantity-related productivity is a good proxy for 𝐴𝐻 (𝑡).
34 We use the 1976–1977 ‘‘Health’’ report by the NCHS (Table 149) to obtain data from 1966 to 1975, as well as the 2015 ‘‘Health’’ report (Table 98)

or the years 1987, 1997, 2000 and 2012 to identify the share of health expenditures funded out-of-pocket, by public programmes and by private health
nsurance for the young and the elderly (65 and above), respectively. We then identify the share of government funds devoted to programmes other than
edicare and Medicaid from the 2010 ‘‘Health’’ report (Table 126) for 1960–2006. Based on this data and by making the simplifying assumption that
edicaid is utilized only by the young and Medicare only by the elderly we can construct the time-series in Fig. 2. All NCHS ‘‘Health’’ reports are available at

ttps://www.cdc.gov/nchs/hus/previous.htm.
11
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Fig. 2. Share of total health expenditures over time covered by Medicaid (for the young) and Medicare (for the elderly), by other government programmes, and
by private insurance for the young (left) and for the elderly (right).

Fig. 3. Yearly average Social Security benefits from 1965 to 2005 in 2009 US Dollars.

Table 1
Model parameters.
Parameter & Functional forms Description

𝜔 = 80 Life span
𝑡0 = 1950 Entry time of focal cohort
𝜌 = 0.03 Pure rate of time preference
𝜎 = 1.1 Inverse elasticity of intertemporal substitution
𝑏 = 15 Constant utility of being alive
𝑎𝑅 = 65 Mandatory retirement age
𝛿 = 0.05 Rate of depreciation
𝛼 = 0.33 Elasticity of capital in 𝑌
𝛽1 = 0.1945 Elasticity of capital in 𝐹
𝛽2 = 0.778 Elasticity of labour in 𝐹
𝛾 = 0.33 Elasticity of capital in 𝐺

of insurance coverage from 1965 to 2005 for the young and for the elderly in the US. In our simulation, we interpret the shares of
each type of fund as exogenous age- and time-dependent health care subsidies.

Private health insurance premia, 𝜏𝑃 (𝑎, 𝑡), are then determined through the actuarial constraint (18), and the tax rates, 𝜏𝑀𝐶 (𝑡),
̂𝑀𝐴 (𝑡) and 𝜏𝑅𝑃 (𝑡), for the various public programmes through the respective budget Eqs. (19)–(21).

We assume social security benefits to be exogenous and use the Annual Statistical Supplement provided by the Social Security
gency that provides the average monthly social security income for the years 1960–2014 (see Fig. 3).

Finally, the social security tax rate 𝜏𝛱 (𝑡) is determined through the budget constraint (22).

verview of parameters and targets
Table 1 summarizes the most important parameters we are employing. Table 2 provides an overview on the calibration strategy
12

nd presents the match of several key target variables.
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Table 2
Targets to match.
Parameter Target Match

𝜂(𝑎) Mortality profile Perfect match for 1965 by construction
Match for other years see life-expectancy

𝑀(𝑡) Life-expectancy Model: 72.9 (1965), 77.9 (2000)
Data : 72.6 (1965), 77.9 (2000)

𝜈(𝑡) Share of elderly Model: 15.3% (1965), 18.4% (2000)
Data : 14.8% (1965), 17.3% (2000)

𝜎 Income elasticity of health care spending Income elas. of 0.19 (micro) and 1.05 (macro)

𝑏 Value of life Model: 1.5 Mio. (1965), 3.7 Mio. (2000)
Data: 1.1-2.1 Mio (1960), 4.1-5.3 Mio (1980)
Costa and Kahn (2004)

𝑙1(𝑎) Income schedule Perfect match by construction
employment-population ratio 2003: Model: 63%, Data: 62%

𝐴𝑌 (𝑡) GDP per capita See Fig. 4

𝐴𝑀 Growth rate of 𝑀̇(𝑡) Model: 4.1%, Data: 4.2%

𝛽2 Medical R&D share of GDP Model: 0.14% (1965), 0.41% (2000)
Data : 0.14% (1960), 0.42% (2000)

𝜙(𝑎, 𝑡) Avg. out-of-pocket expenditure share See Fig. 5
Medicare share of GDP See Fig. 5

Based on our benchmark simulation (see Section 3.2), we obtain an arc elasticity of 1.02 for health insurance and 1.05 for
ncome.35 The value we find for the insurance elasticity is reasonably well in line with recent evidence by Eichner (1998), Kowalski
2015) and Fonseca et al. (2021). The value we obtain for the income elasticity lies within the range of estimates based on
acroeconomic data, as reported by Acemoglu et al. (2013).

Finally, we perform an extensive set of robustness analyses in Appendix F with respect to the following parameters: The levels
f total factor productivity in the three sectors, 𝐴𝑀 , 𝐴𝑌 and 𝐴𝐻 , respectively; the mortality shifter, 𝜂; the production elasticities in
he health care sector, 𝛽1, 𝛽2; the capital elasticity in the R&D sector, 𝛾; the elasticity of labour supply with respect to life expectancy

at age 60, 𝜉; the direct benefits from health in the utility function, as proxied by the elasticity on survival, 1 + 𝜃; the inverse of the
elasticity of intertemporal substitution, 𝜎; and the rate of time preference, 𝜌.

For the robustness analysis we run both the benchmark scenario as well as the main counterfactual, in which co-insurance rates
re held fixed at their level of 1964, with alternative parametrizations. Specifically, we change the values of selected parameters (one
t a time), while keeping everything else in line with the baseline calibration. In general, we conduct simulations with the tested
arameter set to either a lower value (generally reduced by 50% relative to its baseline value) or a higher value (generally raised
y 50%). We present results in respect to three key outcomes: (a) health expenditure per capita, (b) life-expectancy and (c) medical
echnology. Additionally, we calculate selected metrics on the role of the insurance expansion in explaining outcomes. Overall,
e find that the share of insurance expansion in explaining the change in the three outcomes is broadly robust to the changes

n parametrizations that were undertaken. The only variable proving to be critical is the inverse of the elasticity of intertemporal
ubstitution 𝜎. Here, larger values imply strongly diminishing returns to consumption and thus a stronger incentive for individuals
o transfer utility into the future by way of increasing survival. This triggers a strong boost in longevity, health care spending and
onsequently medical progress. The extent to which insurance expansion explains outcomes diminishes considerably in this case,
ith productivity growth taking on more importance. Such a lack of robustness is well known from the literature (e.g. Hall and

ones, 2007; Schneider and Winkler, 2021), but we note that with 𝜎 = 1.1 we select a value for the inverse of the elasticity of
intertemporal substitution that is consistent with empirical evidence and, indeed, close to the preferred value of 1, as identified by
Chetty (2006).

3.2. Benchmark

In this section, we present the benchmark economy over the period 1960–2005 and illustrate the model fit. The benchmark
allocation is depicted by blue, solid line plots throughout all figures. We confine our presentation to the macroeconomy. Detail on
the individual life-cycle outcomes is contained in Appendix E.

35 The arc elasticity is defined as

𝜖
(

𝑝𝐻𝐻, 𝑥, 1965, 2005
)

∶=

((

𝑝𝐻𝐻
)

2005 −
(

𝑝𝐻𝐻
)

1965

)

∕
((

𝑝𝐻𝐻
)

2005 +
(

𝑝𝐻𝐻
)

1965

)

(

𝑥2005 − 𝑥1965
)

∕
(

𝑥2005 + 𝑥1965
) , 𝑥 = 𝜙, 𝑦,𝑀

with (𝑝𝐻𝐻)2005−(𝑝𝐻𝐻)1965
((𝑝𝐻𝐻)2005+(𝑝𝐻𝐻)1965)∕2

and 𝑥2005−𝑥1965
(𝑥2005+𝑥1965)∕2 denoting the percentage change in 𝑝𝐻𝐻 and 𝑥 = {𝜙 ∶ average co-insurance, 𝑦 ∶ income}, respectively, averaged over

the time period 1965–2005.
13
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Fig. 4. GDP and health expenditures per capita as well as the GDP share in the benchmark scenario (blue, solid line) and data (asterisks).

Fig. 4 plots the evolution of the GDP and health expenditures per capita as well as the GDP health share against the US data,
as depicted by the asterisks. Reasonably well in line with the data, GDP per capita increases by a factor of about 2.5 and health
expenditures by a factor of 7.9 over the time span 1960–2005.36 The two developments imply an about three-fold increase of the
ealth expenditure share of GDP over the 40 years under consideration.

While the increase in GDP is predominantly driven by the exogenous growth of total factor productivity in the production sector,
he increase in health expenditures is driven by several exogenous trends: insurance expansion, the expansion in social security and
roductivity-driven income growth, as well as by (endogenous) medical progress.37

Fig. 5 illustrates the increase in the state of medical technology. While it is difficult to compare 𝑀(𝑡) with a real-world measure
e can compare the growth rate of 𝑀̇ (hence 𝑀̈) with the growth rate of medical patents over the time span 1965–2005 in the US.
ur simulation yields an annual growth of 𝑀̇ at 4.2%, identical to the growth rate of patents at 4.2% per year found in the data.38

ote, that we do not directly target the development of health expenditures over time. Instead we focus on calibrating the role of
edical technology through the growth rate of 𝑀̇ , as well as the contribution of insurance and income through empirically valid

lasticities of health care spending. In combination, these trends yield an increase in health expenditure that is well in line with
he data. Fig. 5 also depicts the Medicare expenditure share of the GDP as well as the average share of out-of-pocket expenditures
ver the time span 1965–2005. Given we are not targeting them in our calibration, the exogenous coinsurance rates result in a good
atch in the simulation.39

The market interest rate, 𝑟(𝑡), is endogenously determined within the model, and falls over the time period under consideration
see Fig. 6). While we cannot explain the empirical ups and downs of real returns on capital, we can account for the long-term
ncrease in saving and the consequential decline in the interest rate associated with an ageing population (see e.g. Bloom et al.,
007; De Nardi et al., 2010; Aksoy et al., 2019).

While boosting the supply of capital through the increase in longevity, medical progress also lowers the demand for capital
y shifting production into the comparatively labour-intensive health care sector. The resulting excess supply of capital is, thus,
bsorbed only through a fall in the interest rate. A more detailed explanation of this mechanism can be found in Frankovic et al.
2020a). This trend is further reinforced by the well-known Baumol (1967) effect, where productivity growth in the capital-intensive
inal goods sector induces a shift of production factors into the more labour-intensive health care sector. The ensuing (relative)
carcity of labour tends to depress the interest rate even further.40

Wage growth reflects the increase in productivity and the increasing relative scarcity of labour as described above. As the health
are sector is comparatively labour-intensive, the wage increase overcompensates the drop in the interest rate and induces a growth
f the price of health care over time. We can compare 𝑝𝐻 with the ratio of the medical price index to the consumption price index
CPI) in the US, as based on data from the Bureau of Economic Analysis (BEA). Over the time span 1980–2000, medical prices have
isen 1.3-times faster than the overall CPI according to BEA. This compares quite well with the 1.29-fold increase in 𝑝𝐻 over the
ame time span in the benchmark economy. While there may be additional factors, such as market concentration in the health care
ector, that explain the rate of medical price inflation, we would consider sectoral change and the resulting factor price adjustments
s one key contributor.

36 We overestimate health expenditure growth during the 1990s. In this period, health maintenance organizations caused a temporary slowdown of expenditure
rowth (Chernew and Newhouse, 2011), a development that is not tracked in our model.
37 While the analysis presented here traces the full dynamics over the transition path, we have also decomposed the increase of health care expenditure
er capita between 1965 and 2005 according to its drivers. We find that 6.0% of the spending increase are explained by medical progress (understood as an
xogenous increase in 𝑀 in this exercise), whereas 18.3% and 18.7% are explained by insurance expansion and income growth, respectively. This compares
gainst the 8.5%, 37% and 28.8% that Fonseca et al. (2021) attribute to medical progress, insurance expansion and income growth in a similar exercise. The
ifference, in particular, in respect to the impact of insurance and income relates to much stronger complementarity between the three drivers in our framework,
9.4% as opposed to 25.7% in Fonseca et al. (2021). In turn, this is fully consistent with the different conceptualization of medical progress. As Fonseca et al.
2021) point out in their conclusions, their modelling of medical progress as a reduction in the marginal cost of health improvements rules out sizeable effects
n health care spending due to the expansion of treatments. This stands in contrast to our formulation where, by raising the marginal effectiveness of health
are, medical progress induces an increase in the demand for it (see e.g. Baker et al., 2003; Cutler and Huckman, 2003; Wong et al., 2012; Roham et al., 2014).
ith demand expansion acting as a lever, the individual drivers of spending growth have a greater propensity to reinforce each other and, thus, exhibit stronger

omplementarity.
38 We calculate the number of new medical patents based on U.S. Patent Statistics Chart, indicator ‘‘Utility Patent Grants, U.S. Origin’’, as provided by the
.S. Patent and Trademark Office, and on estimates about the share of medical patents since 1965, as provided by Jones (2016).
39 Recall Section 3.1 for a description of how we construct the co-insurance rates.
40 See Acemoglu and Guerrieri (2008) and Frankovic et al. (2020a) for an analytical representation of this mechanism.
14
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Fig. 5. Medical technology, life expectancy, Medicare share of GDP and the average share of out-of-pocket (OOP) health expenditures.

Fig. 6. Prices in the benchmark scenario.

4. Identifying the impact of health insurance on medical spending growth

In order to gain an understanding of the role of health insurance in driving health expenditure growth, we study a counterfactual
scenario in which the health insurance setting is fixed to the year 1965 in order to trace out the full dynamic impact of the health
insurance expansion over the time span 1965–2005 (see Section 4.1). This analysis will explicitly account for the medical progress
induced by the expansion of health insurance. We will then employ further counterfactuals to separate the moral hazard impact
of insurance expansion from the spending impact of induced medical progress (see Section 4.2). After studying the welfare impact
of the insurance expansion (see Section 4.3) we conclude by assessing the role of income growth as an intervening process (see
Section 4.4).

4.1. Counterfactual: No insurance expansion

We now simulate a counterfactual economy in which the insurance expansion from 1965 until 2005 is assumed not to have
taken place (shown throughout by the red, dashed plot). Thus, we hold public and private health insurance rates constant from
1965 onwards. Fig. 7 shows a much slower growth rate of per capita health expenditure in the counterfactual. A comparison with
the benchmark shows that the expansion of health insurance explains about 63% of the spending increase between 1965 and 2005
and about 59% of the increase between 1965 and 1990.

This result ties in well with an empirical finding by Finkelstein (2007) on the impact of the introduction of Medicare on health
care expenditures. Relative to individual-level studies on the consequences of health insurance on medical spending (such as the
RAND health insurance experiment), she finds a six-time larger effect when also taking into account aggregate effects of the insurance
expansion, such as the adoption of medical technology and increased hospital market entries. Extrapolating the insurance elasticity
of health spending found for Medicare to the overall reduction of out-of-pocket expenditures observed in the US from 1950–1990,
she finds that the insurance expansion over this time period can account for approximately 50% of the overall increase in US medical
spending per capita.

Fig. 8 reveals a much slower progress of medical technology in the counterfactual. This is because the absence of large-scale
health insurance programmes leads to a smaller health care market. The lower profits in the health care sector then translate into
lower R&D expenditures as compared to the benchmark scenario. Our analysis suggests that the expansion of health insurance led to
15

a 57% increase in the rate of medical progress over the time span 1965 to 2005. For the time span 1965 to 1990 we find an increase
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Fig. 7. Average share of out-of-pocket (OOP) expenditure and health expenditure per capita in the benchmark (blue, solid) and the counterfactual reflecting
constant 1965 insurance level (red, dashed).

Fig. 8. Medical technology in the benchmark (blue, solid) and the counterfactual reflecting constant 1965 insurance level (red, dashed).

in the rate of medical progress by 39%, a figure that is close in magnitude to the 20%–30% increase in medical equipment and device
patenting over the same time span that Clemens and Olsen (2021) estimate as an outcome of the introduction of Medicare/Medicaid.
The additional boost to medical R&D in our model can be attributed to the concomitant expansion of private health insurance
coverage.

The expansion of health care coverage in the benchmark scenario as opposed to the counterfactual, thus, spurs the growth of
health care demand and consequently health care expenditure through the following channels: a direct one, transmitted through
spending increases in the presence of lower co-payments; and an indirect one, transmitted through faster growth in medical R&D
and, thus, through faster medical progress which, in turn, leads to an additional boost to the demand for health care. As we have
seen already, the complementarities between the expansion of health insurance and income growth as well as medical progress
strongly contribute to health care expenditure. Notably, two of the three complementarities between the growth factors are active
only in the presence of an expanding health insurance, implying a magnified impact of income growth on health care expenditure
in the benchmark relative to the counterfactual scenario.

The impact of the insurance expansion on health care expenditure is mirrored by its converse impact on consumption per capita
(comments on the individual life-cycle outcomes are contained in Appendix E). As Fig. 9 illustrates, consumption per capita grows
at a considerably higher rate in the counterfactual. Notably, the insurance expansion in the benchmark stifles consumption per
capita not only by inducing a reallocation of individual expenditures to health care but also by boosting capital accumulation: Here,
the more pronounced increase in life expectancy from 72.5 years in 1965 to 78.9 years in 2005 in the benchmark as opposed to
only 77.7 years in the counterfactual induces a reallocation of expenditures to higher ages and, consequently, to additional savings.
Surprisingly perhaps, the expansion of health insurance dampens the expansion over time of the average value of life across the
population. This finding can be interpreted in two ways: With the value of life being defined by the discounted stream of consumer
surplus over the remaining life-cycle [see (25)–(27)], its higher rate of growth in the counterfactual reflects stronger consumption
growth. At the same time, the optimal choice of health care implies that the value of life equals the price of survival [see (24)].41 As
t turns out, the latter is facing a weaker incline in the benchmark relative to the counterfactual both due to the ongoing reduction in

41 See Frankovic et al. (2020a) for a more elaborate discussion of the relationship between the value of life and the price of survival (or effective price of
edical care). One key take-away is that the value of life can be interpreted as the marginal rate of substitution between survival at (𝑎, 𝑡) which for an optimal

allocation is equated with the price of survival (as measured in units of the consumption good). Notably, both the expansion of health insurance and the medical
progress thus induced tend to lower the price of survival. The fact that the value of life is lower in the benchmark scenario as compared to the counterfactual
at each point in time is then reflecting the lower price of survival and the ensuing shift in the allocation towards health care. Conversely, one could argue that
the higher value of life in the counterfactual scenario is indicative of an unmet demand for survival. This in turn is mirroring the fact that the expansion of
16

health insurance is generating an unambiguous increase in welfare for all cohorts, as will be shown in Section 4.3.



Journal of Health Economics 87 (2023) 102717I. Frankovic and M. Kuhn

c
i

c
m
e
l
t

4

m

L

o
g

Fig. 9. Per capita values of consumption and capital and the population-weighted average value of life in the benchmark (blue, solid) and the counterfactual
(red, dashed).

Fig. 10. Prices in the benchmark (blue, solid) and the counterfactual reflecting constant 1965 insurance level (red, dashed).

o-payments and due to the increase in medical effectiveness.42 These two trends dampen the higher rate of medical price inflation
n the benchmark by enough to induce a slower increase.

Finally, Fig. 10 illustrates the impact of the health insurance expansion on prices. Lesser growth in the health care sector in the
ounterfactual scenario is reflected in a lower rate of wage growth and a lower rate of health care price inflation. The effects are
odest, however, in relation to the increase driven by productivity growth in final goods production. The impact of health insurance

xpansion on the development of the interest rate is more pronounced, the interest rate in the counterfactual declining at a much
ower rate to a level that in 2005 is half a percentage point higher. This wedge is reflecting the gap in life expectancy and, thus,
he lower degree of capital accumulation in the counterfactual scenario.

.2. Disentangling moral hazard and induced innovation

It is instructive to disentangle the direct impact of insurance on health care spending, which can be broadly summarized as a
oral hazard effect, from the spending impact that arises through the stimulation of medical innovation.43 In order to separate the

two channels we now simulate the effect of the benchmark insurance expansion for a scenario in which the state of technology is
assumed to develop according to the main counterfactual. This scenario, depicting the moral hazard channel, is illustrated by the
orange, dotted plot in Fig. 11. The resulting trajectory of health expenditure shows that moral hazard accounts for a large part of
the increase in expenditures from counterfactual to benchmark. The remainder is explained by induced medical progress which we

42 The fact that survival/quality-adjusted medical prices are declining or increasing only modestly is well documented (e.g. Cutler et al., 1998; Dunn, 2012;
akdawalla et al., 2015; Hult et al., 2018).
43 Recall that we employ the term ‘‘moral hazard’’ here in the sense that health insurance generates excessive consumption by lowering the consumer price
f health care below its value in competitive equilibrium (see Zweifel and Manning, 2000). The moral hazard effects we measure here are to be understood at
17

eneral equilibrium level, involving price adjustments as well as adjustments in the age structure of the population.
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Fig. 11. Health expenditure per capita and life expectancy in (i) the benchmark (blue, solid); (ii) the main counterfactual without insurance expansion (red,
dashed); (iii) the counterfactual with insurance expansion but without insurance-induced medical change (orange, dotted).

Fig. 12. Compensating variation for induced medical progress only (left), moral hazard only (centre) and total impact (right).

ave switched off in this scenario. Overall, we find that about 85% of the additional spending in 2005 that is due to the expansion
f health insurance can be attributed to moral hazard, whereas the remaining 15% can be attributed to induced medical progress.44

We conclude by pointing out that while moral hazard as opposed to induced medical progress explains the majority of the
spending increase, the opposite is true in respect to the benefits in terms of life-years gained. Recall here that the expansion of health
insurance leads to an additional 1.2 years of life expectancy in the year 2005 (78.9 years in the benchmark scenario as opposed
to 77.7 in the main counterfactual). We find that 0.9 years of this increase are due to induced-medical progress, whereas only 0.3
years are due to the introduction of health insurance. The latter result ties in with Skinner and Staiger (2015) who show that, when
holding the level of medical technology constant, an increase in spending had only modest marginal returns on cardiac mortality,
as well as with Finkelstein and McKnight (2008) who find that, 10 years after its introduction, Medicare had no discernible impact
on elderly mortality. Indeed, we find that the impact of the health insurance expansion on life-expectancy evolves only (slowly)
over time with the benefits from the induced medical change accruing predominantly to later-born cohorts.

4.3. Welfare analysis

The fact that the expansion of health insurance has led to more than a doubling of health care expenditure over the time span
1965–2005 suggests the scope for a substantial welfare loss. This should particularly hold within our stylized model, in which
health care expenditures are deterministic so that health insurance is merely acting as a subsidy on health care without yielding
any offsetting benefit from risk sharing. However, the sizeable impact of insurance expansion on medical progress may offer a form
of dynamic return to such subsidies on health care. In order to gauge the welfare consequences of the expansion of health insurance
we consider for the birth cohorts 1900–1970 a set of compensating variation exercises in the spirit of Weil (2014), Jones and Klenow
(2016) and Frankovic et al. (2020b). These exercises are depicted in Fig. 12 where for the moment we focus on the blue, solid plots
that represent a setting in which productivity grows in line with the benchmark scenario.

Specifically, we consider by what proportion we would need to augment the life-cycle consumption of the representative of a
birth cohort living in the main counterfactual scenario without insurance expansion and without induced medical progress, for this
representative to attain the level of life cycle utility she would enjoy in a setting in which (i) induced medical progress is realized
without an expansion of health insurance (left panel); (ii) there is an expansion of health insurance without induced medical progress,
i.e. pure moral hazard (middle panel); and (iii) there is an expansion of health insurance and medical progress is induced, i.e. our
benchmark scenario (right panel).

Our analysis reveals that both the medical progress and the excess consumption of health care that are induced by the expansion
of health insurance yield sizeable welfare effects. As one would expect, induced medical innovations per se yield benefits for all
cohorts which increase, however, with the progression of the birth year (left panel). Cohorts born after 1900 would require increasing

44 With induced medical progress explaining 18% of the spending increase from the insurance expansion and this, in turn, explaining 63% of the overall
pending increase, we find that insurance-induced medical progress explains about 11% of the overall increase in health care spending over the period 1965–2005.
18

his is comparable to an estimate of 15% (regarding the spending increase 1960–2000) advanced by Clemens (2013).
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shares of their respective consumption level to be added in order to compensate for the absence of medical progress, this share
reaching 7.3% for the 1970 birth cohort. The opposite holds for moral hazard, where successive birth cohorts face increasing welfare
losses up to the 1970 cohort which would be willing to give up around 6.5% of their consumption in order to forego the moral
hazard associated with the health insurance expansion (middle panel). Notably, both the benefits from medical innovation and the
welfare loss associated with moral hazard exhibit cumulative effects, which are both linked to the expanding size of the health care
industry. Whereas an expanding health care sector boosts the growth of the medical innovation sector over time, it also induces
stronger distortions from the ongoing expansion of health insurance. Combining the two offsetting impacts on welfare, we find that
the expansion of health insurance has triggered a modest welfare gain for all cohorts, which increases up to an equivalent variation
of 1.7% of the life-cycle consumption for the 1970 cohort.

From a different angle, our results show that the subsidization of health care expenditure that is implied by health insurance
s justified as a means to overcome an intergenerational – and to lesser extent intragenerational – externality associated with the
nducement of medical progress: at each point in time, individuals are underinvesting in health care, as they are not taking into
ccount the impact of a higher spending level on medical progress and, thus, on future gains in survival and productivity.45 With the

direction of the externality, thus, flowing from older to younger (or yet unborn) generations there is an issue about how early born
cohorts can be compensated for stimulating medical progress. Here, the introduction and expansion of Medicare plays an important
role: The tax-financed subsidization of health care for the elderly imposes a transfer from younger, working-age generations to the
old. While in the absence of induced medical progress such a system would be both inefficient and biased against the young, it
provides compensation from the young to the old for the inducement of medical progress. Indeed, the health insurance expansion
in the US turns out to be a Pareto improvement for all cohorts under consideration. This suggests that tax-financed health care can
take on a role similar to unfunded social security that compensates older generations for the cost of educating and, thus, raising the
human capital of younger cohorts (Boldrin and Montes, 2005; Andersen and Bhattacharya, 2017).

4.4. The role of income growth

One explanation for why the benefits from medical progress increasingly outweigh the loss from moral hazard lies with the
ongoing growth of income: As long as per capita consumption is increasing over time, individuals tend to assign an increasing value
to life (Hall and Jones, 2007; Chen et al., 2021). This argument extends to the assessment of moral hazard, where individuals are
willing to tolerate an increasing distortion from health insurance in exchange for an increase in lifetime, as long as this only slows
down but does not reverse consumption growth.46

Given this, one may wonder whether health insurance expansion would still be beneficial within a stagnating economy. For this
purpose we consider a last counterfactual scenario in which we study the impact of health insurance expansion under the assumption
that total factor productivity stagnates at the 1965 level in both the final goods and the health care sector, i.e. 𝐴𝑗 (𝑡) ≡ 𝐴𝑗 (1965)
or 𝑗 = 𝑌 ,𝐻 .47 Fig. 13 contrasts the development of health expenditure per capita, consumption per capita, and the average value
f life for the benchmark scenario (solid, blue plots) and the counterfactual with productivity stagnation (red, dashed plots). While
ealth care expenditure continues to increase, albeit at a much reduced rate, due to the expansion of insurance in the counterfactual,
his now comes at the expense of stagnating consumption.48 The latter trend is mirrored in the stagnation of the average value of
ife over time. As expected, the trade-off between health care and consumption has much more bite in the absence of productivity
rowth.

In order to address the question as to whether this leads to a different assessment of the social welfare consequences of the
xpansion in health insurance, we calculate the compensating variation relating to the isolated effects of (i) insurance-induced
edical progress and (ii) moral hazard, as well as (iii) their combined effects, but now under the assumption of constant productivity

t the 1965 level. The results for the birth cohorts 1900–1970 are depicted in Fig. 12 as red, dashed plots. As expected, we now
ind much weaker gains to induced medical progress, leading to a maximum equivalent variation of 3.9% for the 1970 cohort.
ikewise the excessive consumption of health care due to the expansion of health insurance tends to trigger a much stronger loss for
ate-born cohorts, reaching a consumption equivalent of −12.1% for the 1970 cohort. Unsurprisingly, the combined welfare effect of
he insurance expansion now turns out to be negative for most cohorts, reaching up to −3.1% for the 1970 cohort. Hence, we can

conclude that income growth has played a key role for the unambiguously positive impact of the US health insurance expansion on
welfare. One could then view the expansion of health insurance as an appropriate if second-best policy response (wittingly or not)
to the income growth in the US.

Two aspects of the welfare effect of excessive health care spending in the absence of income growth are worth of note. First,
there is a sizeable gain from health insurance for the earliest-born cohorts, amounting to a willingness to pay for health insurance of
1% of life-time consumption for the 1900 birth cohort. This illustrates the potential for early-born cohorts to benefit from excessive
health insurance as a compensation for their inducement of medical progress to the advantage of later-born cohorts. Second, while

45 Kuhn et al. (2011) show in a related OLG framework that the presence of positive spillovers of health care spending on the survival of others serves as
justification for the subsidization of health care, coming e.g. in the form of health insurance. In that setting, however, the externality associated with health

pending is merely contemporary and does not have a lasting effect.
46 According to a related application of this argument the growth drag imposed by a large health care system (Kuhn and Prettner, 2016) or by an ongoing

hift of R&D activity into the medical sector (Jones, 2016) is not harmful to welfare as long as there is ongoing GDP/consumption growth.
47 In addition, we fix pension benefits at their 1965 level.
48
19

Note that some GDP growth can be sustained through the health-related productivity increase.
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Fig. 13. Benchmark (blue, solid) and ‘‘productivity stagnation’’ counterfactual (red, dashed).

later-born cohorts are facing losses from the excessive consumption of health care in the absence of medical progress that exceed
the pure gains from medical progress by a large margin, the combined effect is much weaker (see the numbers for the 1970 cohort
reported above). This illustrates that the partial compensating variation terms are not additive, the reason being that induced medical
progress renders the otherwise excessive health care spending more effective in lowering mortality. This implies a weakening of the
loss from moral hazard or, conversely, a further leveraging of the gains from induced medical progress when it comes to the overall
assessment of welfare.

We conclude by noting that both the gradient in the compensating variation for moral hazard and the lack of additivity of the
partial compensating variation terms for medical progress and moral hazard are much less pronounced in the presence of income
growth. This is indicative of the strong role that income growth plays in mitigating the trade-off between health care spending and
consumption.

5. Conclusion

We have studied the macroeconomic impact of the health insurance expansion in the US between 1965 and 2005, taking account
not only the direct effect through decreases in out-of-pocket spending but also the indirect effect through induced medical progress.
For this purpose we have constructed a continuous time model of an economy with overlapping generations subject to endogenous
mortality and with three sectors: final goods production, health care and medical R&D; and calibrated it to US data covering the
time span 1960–2005. Our simulation traces closely the development of most key indicators (such as GDP per capita, the health
share, life expectancy, the share of the population 65+, the Medicare share, the growth rate of medical R&D, and the medical R&D
share) and explains very well medical price inflation due to the joint impact of productivity growth in the final goods sectors à la
Baumol (1967) and medical progress itself.

We find that the expansion of health insurance explains about 63 percent of the increase in health care expenditure between 1965
and 2005 and boosts the growth rate of medical R&D by about 57 percent. Both results are well aligned with empirical evidence.
When decomposing the impacts of health insurance on health care spending into a direct moral hazard effect and the impact through
medical progress we find moral hazard to explain about 85 percent of the spending increase with the remaining 15 percent falling
on medical progress. Looking at the benefits of health insurance in terms of improving health and longevity, we find that while the
expansion of health insurance has increased life expectancy by an extra 1.2 years in 2005, only 0.3 years are attributable to the
higher health care expenditure associated with moral hazard, whereas 0.9 years are attributable to induced medical progress. This
suggests that while the excessive health care spending due to moral hazard is, indeed, wasteful to a large extent, there are sizeable
dynamic benefits to health insurance through the stimulation of medical progress.

Compensating variation exercises for the cohorts born in the years 1900–1970 show that while the moral hazard associated
with the expansion of health insurance creates welfare losses for all but the very early born cohorts, the gains in life expectancy
and productivity from the induced medical progress more than compensate for this, leading to modest welfare gains for all cohorts.
Indeed, the dynamic development of US health insurance could be viewed as a mechanism to overcome – at least partly – the dynamic
externality involved with current health care spending that by stimulating medical progress yields future gains in life expectancy.
20

owever, this does not hold true in the absence of productivity-driven income growth as a driver of an increasing willingness to



Journal of Health Economics 87 (2023) 102717I. Frankovic and M. Kuhn

s
s
e
b
b

(
l
T
a
b
m
a
o
i
n
o
s
B
t
e
(
t
l
i
c

R
f
p
r
o
a

t
s

T
r
p

pay for longevity-enhancing innovations. Here, it would need to be shown that the direct value of insurance expansion would be
sufficient to overcompensate the burden.

While our results speak to a dynamic role of health insurance that extends well beyond the benefits from risk sharing, they also
uggest there may be more efficient ways for stimulating medical progress. By avoiding the distortion through excessive health care
pending the direct subsidization of R&D activity, for instance, may prove a more appropriate tool that could yield welfare gains
ven under weak income growth. Frankovic et al. (2020b) consider the subsidization of innovative health care for the purpose of
oosting the diffusion process and show that while such subsidies are generally effective, the unequal distribution of the resulting
enefits across generations requires careful consideration on the financing side to allow for Pareto efficient solutions.

Our approach involves a number of stylizations for the purpose of keeping the analysis tractable. First, by following Ford et al.
2006), Cutler (2008), Buxbaum et al. (2020) and Fonseca et al. (2021) and assuming that about 50 percent of the increase in
ongevity is related to medical treatments we are taking a conservative stance on the scope for medical progress to improve welfare.
his is because we are neglecting the impact of medical progress in lowering morbidity and, thus, enhancing the quality of life,
n effect that is considered in Böhm et al. (2021). Our robustness analysis in Appendix F (see Figure 5) suggests that while the
enefits from medical progress are understated, the consideration of morbidity reductions does not have a great bearing on our
ain findings regarding the role of health insurance expansion. Second, while our modelling of a cohort representative consumer

llows us to study intergenerational differences in behaviours and outcomes, it bunches cross cohort heterogeneity in social status
r health status into an average. This may, indeed, imply that we are underestimating the demand and welfare impact of health
nsurance expansion, which we would expect to disproportionately enhance access to health care by groups that are in particular
eed.49 Third, we are abstracting from ex-ante moral hazard, i.e. the incentive for individuals to invest too little in the prevention
f adverse health events when they are covered by health insurance. Cole et al. (2019) show that ex-ante moral hazard creates a
imilar tendency towards the overconsumption of health care that is associated with a macroeconomic welfare loss. In line with
hattacharya and Packalen (2012) we would argue, however, that by expanding the demand for health care, ex-ante moral hazard
hen creates a similar dynamic incentive for undertaking medical R&D and, thereby, reduce the underinvestment due to the dynamic
xternality. Third, we have abstracted from imperfections in the diffusion of new medical technology. Frankovic et al. (2020b) show
i) that a lag in the (widespread) adoption of state-of-the-art medical technology creates a welfare loss in its own right and (ii) that
he expansion of the health care market facilitates diffusion. In summary, these considerations suggest that our results constitute a
ower bound on the benefits from expanding health insurance. This would seem to hold all the more if the direct value of health
nsurance was accounted for. The recent finding by Jung and Tran (2022) that an expansion of US health insurance towards universal
overage has the scope to increase welfare suggests this is likely to be the case.

A second set of limitations relates to the modelling of institutional structures. This applies in particular to the process of medical
&D and the incentives involved from an industrial economic perspective. We have argued in Section 2.3 why we believe our reduced

orm to embrace the key features of the R&D process, but we appreciate that a more detailed modelling of e.g. the role of patent
rotection in this process may yield insights into alternative or accompanying policies to enhance medical progress. A second point
elates to the more nuanced modelling of different types of health care (ambulatory, hospital, pharmaceutical), including the context
f their provision, which we would expect to bear on the demand for medical innovations as well as on their adoption (e.g. Chandra
nd Skinner, 2012; Skinner and Staiger, 2015; Clemens and Olsen, 2021).50 A third limitation relates to the more detailed modelling

of the financing side. This relates in particular to the modelling of the structure of US health insurance contracts itself, as well as the
various reforms that were underlying the process of expansion, which would have had a bearing on the extent, timing and direction
of R&D stimuli. By considering non-distortionary taxes, we may be overestimating to some extent the welfare impact of the health
insurance expansion. Further issues emerge when considering the drivers of medical progress and its consequences within the more
extensive European welfare systems with their greater reliance on publicly provided and/or financed health care (Böhm et al., 2021;
Kelly and Kuhn, 2022). We leave a further exploration of these topics to future research.
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