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Abstract. Health capital, as a core component of human capital, underpins both personal and social develop-
ment. Michael Grossman’s influential model of health capital production has shaped human capital theory, yet
it contains fundamental flaws that remain inadequately addressed. This study critically examines these flaws
and proposes an improved model. Using mathematical modeling and exponential functions, the authors recon-
struct the Grossman model for intertemporal transactions, revealing the underlying mechanism of health capital
production. They identify several key shortcomings: the model ignores the lifelong, continuous nature of health
capital production; assumes unconditional returns on investment, when in reality excessive investment yields
negative outcomes; overlooks the role of environmental factors in accelerating depreciation; and incorrectly
assumes that health capital can be carried over between life periods. The authors argue that health capital pro-
duction works by reducing depreciation rates, which rise due to external environmental pressures, to maximize
available capital at any given time. Health-related events affect individual health capital solely through shifts
in depreciation coefficients during maturation and aging. The study proposes a new theoretical framework that
addresses these gaps, offering a foundation for more accurate forecasting of human capital and empirical re-
search into health capital.
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NCCNELOBATE/NIbCKASA CTATbA ‘

HepoctaTtku moaenu I'poccmal-la U HOBAAa Mopaesib Npou3BoACTBa
KanuTtajia 340Pp0Bbs

Waubuze MAO v 54, Ceernana B. TAHUKAPOBA 2 (@), Xyan BAH » @
123 Ypaneckuli pedepansHuili yHugepcumem umeHu nepgozo lpezudenma Poccuu b.H. EnsyuHa,
2. Ekamepun6ype, Poccutickas ®edepayus

Ana untupoBaHusa: Mao, XK., MaHukaposa, C. B., BaH, X. (2026). Hepoctatkn mogenu poccmaHa v HoBast
Moaenb Npov3BOACTBa Kanutana 3poposbs AlterEconomics, 23(2), 294-312.
https://doi.org/10.31063/AlterEconomics/2026.23-2.3

AHHOTaLI,Mﬂ. KanuTan 300p0BbA KaK KOMMOHEHT YeN0BEYECKOro Kanutana Cay>XuT OCHOBOW JINYHOTO U 06~
LLEeCTBEHHOIO pasBnUTUA. MOﬂ,eﬂb Mawkna rpOCCMaHa, OonucCblBakoLLad Npon3BoACTBO KanuTasia 340p0Bb4, OKa-
3ajia 3Ha4ynTesibHOEe BIMAHUE Ha TEOPUIO HeNoBEYECKOro KanuTasa U LWNPOKO NMpUMEHAETCAa B 3KOHOMUYECKUX
nccnenoBaHuAax. O,D,HaKO OHa CoaAepPXXUT dJyH,D,aMeHTa}'IbeIe M3bAHbI, HE NONy4YMBLUME aAEKBATHOIO obbsicHe-
HUA. L',eJ'Ib HacTodaLlero nccnenoBaHna — npoaHanmusanpoBaTb MPUYNHbI HECOOTBETCTBUA MOAENU rpOCCMaHa
peanbHbIM MPaKTUKaM U SMNUPUYHECKUM OAaHHbBIM, @ TaKXXe NpeanoXXmntb eé ycoBepLleHCTBOBaHMWE Ha OCHOBE
MoJly4YeHHbIX BbIBOAOB. B paMKax nccnegosaHma Moaesnb rpOCCMaHa nogBeprHyTa KpUTUYECKOMY TeopeTu4ye-
CKOMY aHanumsy un Haquoﬁ PEKOHCTPYKLUMU C MCNONb30BaHNEM MaTeEMaTU4eCKOro MoaeIMpoBaHus. Ha ocHoge
3KCNOHEHUMaNbHbIX d)yHKLI,Mﬁ MOCTpOeHa MOoAEeNb KanuTasia 340p0Bba ANd MeXNnepmnogHbiX TpaHBaKLJMl:i, no-
3BO/IMBLUAA BbIABUTb MEXaHWU3M €ro npon3BoACTBa. OcHoBHble HEeAOCTaTKn Moaenu rpOCCMaHa KacakoTCa Toro,
4YTO OHA He YYUTbIBAET HEKOTOPbIEe NMPpakTUYeCK1e acrnekTbl MPOM3BOACTBA KanuTasia 300pOBb4, @ UMEHHO: He-
I'IpeprBHbIl;I XapakTep npouecca npomMsBoaCcTBa Ha NPOTAXKEHUU BCEW YXXMU3HU nHOnBUAA, YyCI0OBUSA BdeJeKTVIB'
HOCTHU MHBECTMLI,MDI, TaK KakK oTha4a oT VIHBECTMLI,MI:I BO3MO>XHa TOJIbKO npu OI'IpeLI,eI'IéHHbIX ycnoBusax, a 4upes-
MepHble BNOXEeHUS NMPpUBOAAT K OTpULATE/IbHbIM pe3yfibTaTaM, HEOGXOAVIMOCTb HenpepbIBHbIX MHBECTMuMﬁ;
B/IMSIHWE BHELLHEN cpefbl, ycunupatrollee pacxodbl Ha aMOPTU3aUUIO KanuTasa 300pOBbSA; HEBO3MOXXHOCTb
MOMHOCTbIO MOKPbIBaTb aMOPTU3aLIMOHHbIE pacXodbl, HenNepeaaBaeMoOCTb KanuTasa 340p0Bbs MeXxay nepmo-
AaMU XXU3HU UHOMBUOA, YTO NPOTUBOPEYUT NPennosioxKeHNaM Moaenun o Me)KI'IepMO,EI,HOﬁ npeemMCcTBEHHOCTU.
B crtatbe caenadH BblBOA, YTO NMPpUHLMN NMPOM3BOACTBA KanuTana 340p0BbA 3aKNKO4YaeTCa B reHepaumn 6onbLuero
0obbEMa AOCTYMHOro KanuTana B Ol'lpeﬂ,eﬂéHHbllji nepuog 3a CYET CHUXKEHUS HOpPMbI aMOpTU3aL N, Boapocmeﬁ noa,
BNMAHMEM BHELLHEro AaBneHUs Opr)KaIOLLI,elji cpefpbl. yCTaHOBﬂeHO, 41O CO6bITMﬂ, CBA3aHHblIE€ CO 340POBbEM, BNU-
AT Ha MH,D,MBM,D,ya}'IbeIﬁ KanunTan 340p0oBbA INLUb NOCPeaACTBOM U3MEHEHUA KOSdJ(bMLI,MeHTOB amMopTusaumu B ne-
pvoabl B3pOCNEHUA U CTapeHUs. B nccnenoBaHMM nNpeannoXXeHa HoBad TeopeTuyeckada Moaenb KanuTtana 340~
poOBbA, YH4UTbIBarOLLLada 0603HaYeHHble I'Ip06ﬂeMbI moaenu rpOCCMaHa. Eée npuMeHeHe MOXXET CTaTb OCHOBOWM
ANa NPOrHO3MpoBaHUA 4YenoBe4YeCKOro KanmTana M aMNUMpUYeCcKoro n3y4yeHuma Kanmrana 340poBb4.

KnioueBble crioBa: yenoBeveckui KanuTan, Kanutan 340poBbs, MOAE/b rpOCCMaHa, Nnpoun3BoOACTBO KanuTana
300p0OBbA, aMOPTU3aUMA KannTana 340p0Bbs, MHBECTULUU B 300pOBbE

1. Introduction

Health capital is a capital stock that produces health time output (Grossman, 1972).
As one of the elements of human capital, health capital is the foundation of productivity
and the guarantee of economic development. The health level of workers will directly
affect labor supply and labor productivity, and indirectly affect technological progress
and material capital accumulation (Zhao & Zhou, 2021). Understanding the production
mechanism of health capital and correctly evaluating health capital are very important
for the economic development of individuals and countries. At present, the health
capital model proposed by Michael Grossman (MGM), which is widely referenced by
the economics community, has problems such as time constraints and depreciation
substitution (Bhattacharya et al., 2014). In addition, in empirical studies, MGM can
only explain health needs in consumption, but not in investment (Volkova & Volkova,
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‘ 2024). This makes MGM difficult to apply in practice. Since the assumption of MGM allows
individuals to trade health capital across periods, it cannot predict future health stocks
(Grossman, 1972). However, the formulation and feedback of health capital public policies
require a reasonable health capital evaluation method. Therefore, the study of the production
mechanism of health capital and its evaluation have become an important and urgent topic.

This article analyzes the hypothetical flaws of the MGM and proposes that health
production is a restorative process without time constraints. This perspective helps explain
several theoretical and empirical problems associated with the MGM. By constructing
a health capital model based on non-intertemporal transactions, we develop a new theory
of the health capital production mechanism and address the issue of future available
health capital that the MGM fails to predict.

2. Literature Review

In 1961, Schultz first systematically developed the theory of human capital, arguing
that human capital consists of an individual’s physical strength, knowledge, skills, and
health status, among other attributes, with health capital representing a core component
of human capital (Schultz, 1961). He argued that improvements in physical and mental
health generated through health investment could extend working life, reduce social
medical costs, and enhance overall labor productivity. Building on this idea, Mushkin
(1962) proposed that health capital should be regarded as a form of capitalized health and
emphasized that it is an investment good capable of generating returns.

In economic theory, capital is generally defined as a productive input used to generate
goods and services (Samuelson & Nordhaus, 2001). Earlier, Smith (1776) described
capital as a stock that individuals expect to use to finance future income. Extending
these ideas to health economics, Grossman (1972) conceptualized health as a durable
capital stock that produces healthy time as its output. Individuals inherit an initial
stock of health at birth, which depreciates with age but can be increased through health
investment. Grossman further argued that the value of health capital lies in the lifetime
income and utility it generates. The returns to health capital include both healthy days
and utility derived from consumption and investment motivations.

Based on this framework, Grossman (1972) constructed the personal health demand
model (MGM), which describes the complex trade-offs individuals face in managing health.
MGM adopted Becker’s household production function approach, which distinguishes
between market goods purchased directly from the market and consumption commodities
produced by households (Becker, 1964; Grossman, 1972). Under this framework, consumers
combine market goods with their own time to produce commodities that generate utility.
Consequently, the purpose of purchasing medical services is not the services themselves,
but the production of health. Medical services therefore function as inputs into health
production, making the demand for medical care a derived demand for health. Consumers
seek to maximize utility subject to income and time constraints (Becker, 1964). MGM thus
provides a theoretical explanation for how individuals allocate time and financial resources
to health investment and remains a foundational framework for analyzing the production
and management of health capital.

3.The Basic Principles and Defects of MGM

Grossman thought that health capital was different from other human capital in that
it affected the total time available to earn income or produce consumer goods, rather
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than the productivity of market or non-market activities (Grossman, 1972). In other
words, the return on investment in health capital is to extend life or increase health
time, rather than increase wages. The stock of health, or health capital, can be used as
both a consumer product and an investment product. Since illness is non-utility, health
capital, as a consumer product, is directly included in the utility function. MGM assumed
that in any given time period t, an individual’s utility is based on his or her health level
and consumption of goods not used for health. The individual’s utility in time period t
is defined as (Bhattacharya et al., 2014):

U=UH,Z), (M

U: Individual utility;

H: Health level,;

Z: Consumption of goods not used for health.

According to Grossman’s hypothesis, health itself is a consumer product, and the
individual’s health level directly affects the individual’s utility. An individual’s behavior
may affect both H and Z. For example, drinking alcohol increases the production of Z,
but may have a negative impact on H. Traveling may increase both H and Z.

Grossman argued that time constrained an individual’s ability to obtain utility, so
individuals had to weigh different actions that affect Hand Z. MGM assumed that in any
given period t, an individual’s time unit ® was allocated to four different activities and
faced the following time constraints (Bhattacharya et al., 2014):

O=TMHTHTHTS, (2)

T": Time spent on work. The income generated by work is used to buy goods that can
improve H and Z;

T%?: Time spent on entertainment. Entertainment can improve Z;

T": Time spent on health promotion. Health promotion can improve H;

T%: Time spent on illness. Illness cannot improve H and Z, so it does not increase
utility. Time spent on illness will generate opportunity costs, which is wasted time.

In MGM, T is completely determined by H and is not an activity that individuals
actively choose. The healthier an individual is, the less sick time he or she has. This
means that individuals have more productive time. Grossman defined productive time
as all time outside of sick time; that is, the total time allocated to work, leisure, and
health-promoting activities (Bhattacharya et al., 2014):

TtPE Chs TtS: TrW+ TtZ + TtH’ 3

T?: Time spent in labor. Labor time is in addition to sick time.

In MGM, the marginal return of health on productive time is diminishing (Figure 1)
(Bhattacharya et al., 2014). If an individual is already healthy enough and rarely gets
sick, then an extra unit of health will bring very little productive time. On the contrary,
if an individual is very unhealthy, then even a small increase in health can increase
productive time a lot. This explains the role of health capital as an investment good used
to generate productive time.
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Fig. 1. Disease avoidance in MGM
Source: Bhattacharya et al., 2014

Grossman set a minimum health level (H _ ). At this health level, T°= ©. This implies
that the entire period is consumed by sick time, leaving the individual with no time
for work, leisure, or health-promoting activities. In other words, the individual has no
productive time and therefore cannot generate additional health capital. When H.<H__,
the individual will die. This is an economic definition of death provided by MGM.

According to MGM, the only way to reduce sick time is to improve health. Any input or
time that improves health can generate additional productive time. The newly generated
productive time can be used to continue investing in activities that promote health, or it
can be used for work and entertainment. This means that the ultimate goal of reducing
sick time is to have more time to produce H and Z.

On the other hand, MGM showed that the total productive time of an individual
depended on his or her health level. An increase in H can lead to an increase in 17,
but the marginal benefits of health are decreasing (Figure 2) (Bhattacharya et al., 2014).

In addition to time constraints, MGM also takes into account the budget constraints
of health capital production. Individuals weigh the choice of health investment under the
conditions of time constraints and budget constraints. This makes it possible to analyze
the production possibility frontier (PPF) of health capital (Bhattacharya et al., 2014).

Grossman proposed that there were two costs of health investment:

a) Opportunity cost. In order to invest in health, individuals give up the opportunity
to invest resources in other market investment projects.

b) Depreciation cost. Depreciation caused by aging is another cost of health investment.

In order to ensure the rationality of health investment, the return on health
investment must at least cover the opportunity cost and depreciation cost. The marginal
efficiency of health capital determines that when the marginal cost of health investment
is equal to the marginal benefit of health investment, the individual is at the optimal
health level (Figure 3) (Bhattacharya et al., 2014).

MGM explains the utility of an individual throughout his life. The choices made by an
individual in any given time period t will not only affect the utility of the current period,
but also the utility of future periods. Therefore, MGM is a multi-period utility function.
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Fig. 2. Grossman’s Marginal Gains of Health
Source: Bhattacharya et al., 2014
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Fig. 3. The Return on Health Investment in MGM
MEC: Marginal Efficiency of Capital
r: The Opportunity Cost of Forgone Market Investment Opportunities
y: Depreciation of Health
Source: Bhattacharya et al,, 2014

The sum of the utility flow generated by the individual’s decision in each period is the
utility stock of his life (Bhattacharya et al., 2014):

U=32,8UH,Z), (4)

6 € (0, 1): individual discount factor.
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‘ As a multi-period model, Grossman needs to take into account the value of health
investments in previous periods, which will also depreciate due to depreciation.
Therefore, in any given time period t and the previous time period t—1, Grossman’s
health production function can be expressed as (Bhattacharya et al., 2014):

H=H((1-yH_,T".M), ®)

_1

M: Inputs used to produce health.

As an important theory to explain the production mechanism of health capital,
MGM has been repeatedly used and tested by scholars over the past half century since
its publication (Volkova & Volkova, 2024; Abdul-Rahman, 2008; Kara, 2024; Bishai et
al., 2015; Jacobson, 2000; Jones et al., 2019; Ried, 1998; Mehlhop, 2021; Eze, 2018,;
Hartwig & Sturm, 2018).

Since its introduction, the MGM has been widely extended in both theoretical
and empirical research. A first strand of literature focuses on model extensions and
theoretical refinement. Bishai et al. (2015) modified the MGM to analyze investment
in the public health sector and to estimate the value of individual health capital using
mortality measures. At the household level, Jacobson (2000) developed a family health
demand model based on the MGM and showed that health investment decisions are
determined by the condition that the marginal consumption rate equals the marginal net
effective cost rate of health capital, rather than a simple marginal benefit—cost trade-off
at the individual level. Jones et al. (2019) further integrated the MGM with the Becker-
Murphy theory of rational addiction, proposing a dynamic framework for estimating the
human capital cycle using long-panel data.

A second strand of literature applies the MGM empirically across different contexts.
Abdul-Rahman (2008) used the model to predict health demand for physical exercise
among the elderly population in the United States, while Kara (2024) applied it to examine
the effects of human capital components on individual health status in Turkey. Ried (1998)
employed comparative dynamics to study the effects of changes in the depreciation rate
of health capital. Mehlhop (2021) applied the MGM to myocardial infarction and found
support for the effects of education and age on health demand, but no significant evidence
for wages or medical care. Similarly, Volkova & Volkova (2024) confirmed the dual nature
of health capital as both a consumption and investment good, although income effects
were found to operate primarily through consumption rather than investment.

At the same time, a substantial body of literature has identified important theoretical
and empirical limitations of the MGM. Eze (2018) argued that the model fails to distinguish
between preventive care and curative care: preventive care should be treated as health
investment, whereas curative care functions more appropriately as a consumption good.
Hartwig and Sturm (2018), using macroeconomic panel data to test the determinants
of health expenditure proposed by the MGM, found that only real wages received
consistent empirical support.

Several scholars have also attempted to explain why the empirical performance of the
MGM has often been inconsistent with its theoretical predictions. Nocera and Zweifel
(1998) argued that previous empirical tests relied excessively on cross-sectional data,
despite the MGM being inherently dynamic in nature. After incorporating single time-
series information for multiple variables into the empirical analysis, they found stronger
support for the model. Similarly, Wagstaff (1993) suggested that discrepancies between
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the MGM and empirical findings arose from inappropriate assumptions introduced when
translating the theoretical model into empirical specifications. In particular, he argued
that adjustments to health capital are non-instantaneous and that the model’s linear
assumptions should therefore be relaxed. Empirical evidence has also challenged one
of the MGM’s central predictions regarding the relationship between health and medical
care demand. Galama and Van Kippersluis (2013) noted that individuals in poorer health
typically demand more health care services than healthier individuals, while Wagstaff
(1986) similarly found a negative relationship between health status and health
care demand. To address this inconsistency, Galama and Kapteyn (2011) proposed
incorporating a health threshold into the MGM, such that individuals above the threshold
would not require additional health care. By relaxing some of the model’s restrictive
assumptions, they argued that the contradiction between the MGM’s predictions and
empirical evidence could be resolved.

Although the MGM has made important contributions to understanding health
demand and the production of health capital, it has also been widely criticized for
several theoretical limitations (Sepehri, 2015; Zweifel, 2012; Galama & Van Kippersluis,
2013; Hren, 2012).

A first group of criticisms concerns uncertainty, irreversibility, and lifecycle
dynamics of health capital. Sepehri (2015) argues that the MGM overstates individuals’
control over health by insufficiently accounting for uncertainty in health status. Non-
preventive health care demand is inherently uncertain, and information asymmetries
between patients and physicians, together with uncertainty about treatment
effectiveness, further complicate both health consumption and investment decisions.
He also emphasizes that health deterioration is often irreversible, as some diseases
prevent full recovery. This contradicts the MGM assumption of full restoration of health
and implies unrealistic long-term implications, including the theoretical possibility
of complete and repeated health restoration. Zweifel (2012) similarly highlights the
model’s inability to account for abrupt and irreversible losses in health capital, such
as those associated with suicide or abortion. In addition, Galama and Van Kippersluis
(2013) argue that the MGM fails to incorporate the long-term effects of early-life
health investments on adult health outcomes, suggesting the need to explicitly model
childhood health as a determinant of later health capital.

A second line of criticism focuses on risk and insurance mechanisms. Hren (2012)
argues that future medical expenditures are uncertain, and that for risk-averse
individuals, health insurance and health investment decisions are jointly determined
by this uncertainty. However, the standard MGM framework does not adequately capture
the role of health insurance in shaping individual health investment behavior.

4. Health Capital Production from a Medical Perspective

Clinically, health production is a continuous process throughout the life course. Bed
rest for patients with non-physical injuries and rest for healthy individuals (or subclinical
patients) represent different stages of physiological recovery during decompensation
and compensation processes (Jones, 2003). Disease arises when internal homeostasis
is disrupted (Wang & Qin, 2022), and individuals rely on self-regulatory recovery
mechanisms to restore stability in response to environmental stressors and pathogenic
factors (Lopez-Otin & Kroemer, 2021). This self-regulatory capacity can be interpreted
as health resilience. When this capacity is insufficient to maintain homeostasis, disease
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occurs. In this sense, both healthy individuals and subclinical individuals continuously
engage in recovery processes, although at different levels of efficiency and intensity.

From this perspective, sick time and health production time are not distinct categories
but different expressions of the same underlying recovery process. For example,
fatigue after normal work is resolved through rest and represents routine physiological
compensation. In contrast, excessive workload may lead to prolonged fatigue and reduced
functional capacity without reaching a clinical disease state, reflecting a subclinical
compensation phase. Severe overload leads to clinically defined disease, where self-
regulation remains active but is insufficient to fully restore homeostasis. Thus, living
organisms are continuously engaged in health production, and disease occurs when health
production cannot compensate for the depletion of health stock within a given period.

A key illustration of this mechanism is self-limiting disease, where recovery occurs
without medical intervention (Blanco & Matute, 2020), such as influenza, chickenpox,
hepatitis A, and viral respiratory infections (Zhu & Zhu, 2021; Peters et al., 2011).
In these cases, the “sick period” is simultaneously a period of health production, during
which the body actively restores homeostasis. From a medical perspective, therefore,
sick time can be interpreted as a form of health recovery time at different intensity
levels, rather than a pure loss of health production.

However, the MGM conceptualizes health capital primarily as a stock generating lifetime
utility and income, implying that sick time does not contribute to utility or investment
returns and is therefore effectively “wasted time.” This creates a tension between the model
and biological evidence suggesting that recovery processes during illness can generate
long-term protective effects. This is particularly evident in immunological processes.
Infection not only reduces productivity in the short run but also generates adaptive
immune memory, which improves resistance to future infections (Netea et al., 2019). The
strength and duration of immune memory depend on the intensity of the initial immune
response (Lam et al., 2024). Thus, illness can generate a long-term protective stock that
reduces future health risks, implying that sick time has intertemporal productive value.

A similar logic applies to vaccination, which induces immune memory through active
immunity. While vaccination typically does not involve sick time, it also generates long-
term protection by enhancing immune response. To distinguish these mechanisms, we
conceptualize health capital as consisting of two components: available capital (current
health status) and regulatory capital (immune capacity for risk control). During illness,
part of regulatory capital is mobilized to restore available capital, and upon recovery,
regulatory capacity is gradually rebuilt, reflecting the formation and stabilization
of immune memory. Vaccination, in contrast, directly strengthens regulatory capital
with minimal depletion of available capital.

Therefore, both infection-induced immunity and vaccination involve interconversion
between available and regulatory capital, but differ in their cost structure. Importantly,
excessive stimulation of the immune system may lead to immune exhaustion, increasing
vulnerability to other diseases (Boretti, 2024), indicating that regulation itself is
a constrained form of capital allocation.

At a broader level, immune memory exhibits intergenerational and collective
effects. Adaptive immunity can be partially transmitted across generations (Boraschi &
Italiani, 2018), and at the population level, widespread immune memory generates herd
immunity, protecting non-infected individuals (McDermott, 2021). These mechanisms
imply that individual sick time can reduce future disease probability both for oneself
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and for others, contradicting the MGM assumption that only improvements in health ‘
stock reduce illness time.

In the MGM framework, sickness is treated as a non-utility state, and the model
introduces a minimum health threshold (H ) to prevent health stock from falling
below zero. However, this assumption implies discontinuities in the health trajectory
and fails to capture the productive role of the interval between Hmin and full recovery.
By contrast, if health production is understood as a continuous, time-unconstrained
physiological process, sick time can be reinterpreted as an active component of health
capital formation rather than a period of zero production.

In medicine, no activity can be unconditionally classified as either “healthy” or
“unhealthy,” because the effects of health-related behaviors depend on context, intensity,and
underlying physiological conditions. Health production activities generally improve health
only within an optimal range. In practice, however, individuals may over-invest in health. For
instance, athletes may engage in prolonged overtraining to enhance performance, which can
ultimately lead to injuries. Similar nonlinear effects are observed in pharmacology: between
the minimum effective dose and the minimum toxic dose, drugs improve health outcomes,
but excessive intake may cross toxic or lethal thresholds and become harmful.

This trade-off is formalized in pharmacology through the concept of a “safety margin,”
defined as the ratio between the dose that is lethal to 1 % of the population and the dose
effective for 99 % of the population (Saganuwan, 2020). In clinical terms, this reflects the
gap between therapeutic efficacy and the onset of serious adverse effects. A wider safety
margin indicates higher tolerance to dosing variation, while a narrow margin increases
the risk of adverse outcomes. By extension, most health production activities also exhibit
a safety margin, although typically much larger than that of prescription drugs. Excessive
engagement in health production is therefore not necessarily beneficial and may reflect
underlying psychological or social dysfunctions. For example, compulsive overtraining
or over-medication may indicate anxiety-related behavior or poor adherence to medical
guidance, resulting in negative marginal returns where additional health investment
reduces overall well-being by crowding out psychological or social health.

In the MGM framework, health investment yields diminishing marginal returns, and
once marginal returns reach zero, individuals are expected to stop investing in health.
However, the model does not explicitly account for the possibility of negative returns from
continued health production beyond this point.

A related limitation arises in Grossman’s treatment of health investment returns and
depreciation. Grossman argues that returns to health investment are sufficient to offset
both opportunity costs and depreciation costs, raising the question of whether sustained
investment could imply indefinite survival or reversal of aging. To resolve this, he assumes
that health depreciation accelerates sharply at advanced ages, approaching an effectively
infinite rate prior to death. However, this “late-life collapse” assumption is inconsistent
with observed gradual aging processes. Moreover, it generates internal tension within
the model: while health investment becomes theoretically inefficient at older ages due
to rapid depreciation, the production possibility frontier implies that health investment
is most productive when health levels are low (Bhattacharya et al., 2014), which would
instead suggest stronger incentives for investment among the elderly.

These inconsistencies stem from the MGM’s implicit assumption that health
production is a growth-oriented process, in which health capital accumulates over time.
In contrast, we argue that health production is fundamentally restorative rather than
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‘ purely accumulative. In any given period, the upper bound of health gains is constrained
by the physiological maximum achievable health stock, conditional on depreciation
dynamics. As a result, health production cannot permanently offset cumulative past
depreciation, although it may influence future depreciation trajectories.

To further clarify this mechanism, we introduce the concept of health elasticity,
defined as the body’s capacity to maintain or restore internal homeostasis in response
to external stress. Consider physical exercise as an illustration. An individual who
exercises moderately (e.g., 2 hours per session, three times per month) accumulates
health production time, yet may experience no lasting change in health capital if the
physiological stimulus remains within existing adaptive capacity. By contrast, frequent
and sustained exercise (e.g., daily sessions over several weeks) may exceed adaptive
thresholds, inducing a new homeostatic state and thereby increasing health capital.
However, once the activity ceases, the system may gradually revert toward its previous
state,indicating that the persistence of health gains depends on continued reinforcement
and the stability of the induced physiological state.

This implies that health capital gains are not simply cumulative but conditional
on surpassing physiological thresholds and maintaining adaptive states over time.
Consequently, MGM’s interpretation of health outcomes as a monotonic accumulation of
lifetime health investment is incomplete. Instead, health production should be understood
as a threshold-dependent and reversible process, where gains are tied to dynamic
homeostatic regulation rather than permanent stock accumulation.

Finally, this perspective also helps explain why empirical evidence often supports
MGM more strongly in the context of health consumption (e.g., curative care) than health
investment. Curative care is more consistent with restorative production processes,
whereas preventive care is more closely associated with growth-oriented assumptions
embedded in the MGM. This distinction further supports the view that health capital
production is fundamentally restorative in nature.

5. Evaluation of Health Capital

The MGM describes the flow, stock, and production mechanisms of health capital, but
its underlying assumptions are problematic. In response, we revise these assumptions
and propose a more appropriate framework for evaluating health capital.

According to Grossman’s theory, health stock is viewed as the accumulation of
health flows from previous periods. In the MGM framework, the utility flow of health
capital is incorporated into the depreciation parameter &, which implies intertemporal
substitutability and allows future health utility to be discounted and transformed into
present utility (Bhattacharya et al., 2014). However, this relies on the assumption that
health capital can be transferred across time in a meaningful way. Yet, as the famous
saying goes, one cannot step into the same river twice, because it is not the same river,
and one is not the same person. In a similar sense, while H,, may influence H, the
health outcome in period t is not the direct accumulation or consumption of H, .. H, is H
produced entirely in time period t, and the utility of H, is independent. Thus, the utility
generated in period t—1 belongs exclusively to that period, while the utility generated in
period t belongs only to period t. For this reason, health capital cannot be meaningfully
traded or shifted across time periods.

In order to solve the immortality problem in MGM, Laporte (2015) proposed to define
a maximum possible lifespan and allow people to choose their own lifespan until the
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upper limit is reached. Under the condition that health capital cannot be traded across
periods, Laporte’s idea is feasible. The setting of the maximum health stock can not only
explain the restorative production of health capital, but also intuitively describe the
endogenous depreciation of health capital of individuals in different periods.

Fu et al. (2016) proposed that the endogenous depreciation of health capital in MGM
was certain, and the uncertainty of health capital depreciation came from the exogenous
depreciation of health capital. She proposed that health investment can directly
produce health capital through the assumption of capital accumulation in MGM, and
can also indirectly produce health capital by reducing the exogenous depreciation rate.
Therefore, under the condition that health capital cannot be traded across periods, the
effect of H,_, on H, can only be achieved by affecting the depreciation rate of H..

Since the depreciation costs incurred in past time periods cannot be offset by health
production, we propose that health production does not directly generate benefits
from health capital, but rather produces more available health capital in any given
time period t by reducing the depreciation rate of health capital increased by external
environmental pressure (Figure 4).

H

T, T To

18y Lz L1 Lo

Fig. 4. Health Production Mechanism Proposed in This Study
T: Time
H: Health Level
T, Theoretical Maximum Health Stock Curve
T,: Health Stock Curve after the First Depreciation Rate Increase
T,: Health Stock Curve after the Second Depreciation Rate Increase
L Theoretical Maximum Lifespan
L.: Lifespan after the First Depreciation Rate Increase
L,: Lifespan after the Second Depreciation Rate Increase
A: Activity Curve Affecting Health Capital
E: Traction Curve of Environmental Load (Living Environment and Living Habits)
on the Body’s Internal Homeostasis Level
P: Maximum Health Level

Source: authors
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‘ We assume that each individual possesses a theoretical maximum health stock at birth,
defined as the highest attainable level of physical, psychological, and social functioning
determined by genetic endowment in the absence of any external stressors. This theoretical
maximum is unobservable in practice, as no individual can fully develop all health-related
functions to their potential upper bound over the life course. Throughout life, health stock
is continuously reduced by health-related events occurring at different times.

Within a given period t, reductions in health that fall within the body’s homeostatic
regulation capacity can be restored through health production activities. However, losses
that exceed this regulatory capacity cannot be fully recovered. Moreover, even when partial
recovery is achieved, the resulting health trajectory is altered: once a health shock occurs,
subsequent restoration can only return the individual to a lower post-shock baseline rather
than the pre-shock health trajectory. As a result, the health stock curve shifts irreversibly
over time, and cumulative health events permanently reduce lifetime health stock.

Consider the expression of disease-related genes as an illustration. Suppose gene B
is associated with disease A. When gene B is expressed, disease A occurs. The timing of
gene expression is probabilistic and varies across the life course. In an idealized case,
the theoretical maximum health stock would require gene B to be expressed at the very
end of life (e.g., at age 60). However, in reality, environmental conditions, behaviors,
and stochastic health shocks alter the timing of gene expression, making early activation
far more likely than this theoretical endpoint. Earlier expression implies an earlier onset
of disease and therefore a larger cumulative loss of health stock over the life course.

Even in cases where the probability of gene expression is very low over most of the
lifespan, rare but high-impact exposures (e.g., carcinogens) can substantially increase
the likelihood of early activation. Thus, the estimation of theoretical maximum
health stock must account for such low-probability but high-impact health events.
Cancer provides a typical example, where long-term exposure to carcinogenic factors
significantly increases the likelihood of disease gene activation.

In this framework, health stock is path-dependent and subject to irreversible shocks.
Consequently, the curvature of the health stock trajectory can be interpreted as the
depreciationrate of health capital. Under the mechanism of health elasticity,anindividual’s
capacity to maintain homeostasis moderates the impact of health shocks, while long-term
environmental conditions and lifestyle factors continuously shape baseline physiological
regulation, further influencing the evolution of health stock over time.

The proposed health capital model aims to explain the following main points:

a) Health production is a restorative production, and its output cannot possibly
exceed the theoretical maximum health level in any given time period t;

b) The theoretical maximum health level in any given time period t is not fixed, but
changes according to the change of the health capital depreciation rate;

¢) In the individual life cycle, the depreciation of health capital is irreversible, and its
depreciation rate will only increase and not decrease. The individual’s lifelong health
capital and life expectancy also continue to decrease with the depreciation rate;

d) The production of health capital is achieved by reducing the exogenous
depreciation rate;

e) Health is elastic, which is an ability to regulate the internal homeostasis of the body.
It shows that only health production that breaks through health elasticity can improve
health levels, while health production that cannot break through health elasticity will
not improve health levels;
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f) Health levels are influenced by the long-term effect of environmental loads on
the body’s internal homeostatic regulation, which drives the health equilibrium toward
adaptation to prevailing environmental conditions in any given period t. This mechanism
implies that any gains in health production that exceed the bounds of health elasticity
can only be sustained through continuous investment in health production.

Under the influence of environmental load, health production can be divided into active
and passive health production. The maintenance of active health production gains requires
individuals to deliberately create a higher level of environmental load than the current
baseline through intentional health investment. By contrast, passive health production
does not require additional individual investment and instead arises directly from health
production incentives embedded in the existing environmental load. As a result, the cost
of active health production is higher than that of passive health production.

The model also explains heterogeneous responses to health events across different life
stages. Both restorative health production and health-depleting events exert persistent effects
on health status over the life course. Because the health stock curve is typically lower at both
early and late stages of life, individuals are more likely to experience health shocks (A) that
exceed the bounds of health elasticity during these periods. In old age, the body’s capacity
to regulate internal homeostasis declines, leading to a progressive loss of health elasticity.
As a result, any realization of A directly translates into a decline in health status. Given
the model’s structure of health depreciation, elderly individuals experience a continuously
declining health stock, with limited capacity for recovery. Consequently, the upper bound of
restorative health production diminishes over time, and even small health investments yield
low marginal returns. At the same time, reduced elasticity makes the elderly more vulnerable
to the direct negative effects of A, which explains their higher susceptibility to disease.

In contrast, in childhood, health elasticity is also limited, making individuals more
sensitive to environmental shocks. However, as individuals age into adulthood, increasing
physiological resilience makes it more difficult for A to generate lasting effects on the
health stock curve. These results are consistent with empirical evidence showing that
children are particularly vulnerable to health shocks in real life (Bleakley, 2010).

According to the assumptions of the above health capital model, an individual
has a theoretical maximum health stock determined by the genetic coefficient h. The
endogenous depreciation rate of individual health capital is determined and exhibits
different trajectory characteristics in childhood and adulthood. We denote the depreciation
coefficients that determine the trajectory characteristics of health capital in childhood
and the depreciation coefficients that determine the trajectory characteristics of health
capital in adulthood by yI and 2, respectively. The health capital formula based on the
linear—exponential loss function is given as follows:

H=-h-e"t—y2.t+h, 6)

H: health level;

t: time;

h: genetic coefficient. The higher the genetic coefficient, the more theoretical
maximum health capital determined by genes.

y1: depreciation coefficient of the growth period. The larger yI is, the shorter the
growth period is.

y2: depreciation coefficient of the aging period. The larger y2 is, the faster the aging is.
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‘ In biology, yI and y2 are related. In most cases, organisms with faster development
speed also have shorter lifespans (Yuan et al., 2023). This means that the larger yI is, the
larger y2 will be. yI and y2 jointly determine the depreciation rate of health capital. When
an individual’s yI increases due to health events, y2 will also increase. This means that
the theoretical maximum stock of health capital in adult life that the individual has not
yet experienced will also decrease, which explains the huge impact of early childhood
health on adult health and the reason why it affects an individual’s lifetime income to a
greater extent (Bleakley, 2010). However, it is also an important issue that MGM has not
yet solved. Galama and Van Kippersluis 2013 proposed that MGM needs to be expanded
in the future to explain this feature of health capital in childhood. But the fact is that
this is difficult to achieve under the assumption that MGM allows inter-temporal trading
of health capital because individuals can rent adult health capital during childhood and
return this capital after adulthood. Assuming inter-temporal trading of health capital
is rejected, health capital in period t-1 cannot utilize health capital that has not yet
been produced in period t, nor can it be accumulated in period t. Health capital in
period t-1 can only influence the production of health capital in period t. It is the effect
of health capital in period t-1 on the exogenous depreciation rate of health capital
in period t. The influence of early childhood health capital on the trajectory of individual
health capital occurs at an early stage and therefore has a relatively large impact on
health outcomes in subsequent periods. In contrast, yI can affect y2, but y2 cannot
retroactively influence y1. This time-directional asymmetry is naturally accommodated
in the health capital model with non-intertemporal transactions, thereby resolving the
issue within the proposed framework.

Since our health capital model is non-intertemporal, the H produced in time
period t is not the balance of H,, in time period t-1, but the completely re-produced
H. Therefore, it is feasible to evaluate the theoretical maximum health capital that
has not been produced in the future time period. Health capital is defined as the area
under the health stock curve, from which the corresponding calculation formula for
health capital is derived:

K h _ 2P

_ hol 7
-1 2 @)

K™: Individual lifelong health capital;

[: Individual life expectancy.

From the above formula, we can find that any A and E that affect health capital and life
span can only be achieved by changing yI and y2, because h is a constant value inherited
by an individual. This provides a mathematical validation of the theory proposed in this
study: that health production is achieved by increasing available health capital through
the reduction of the effective depreciation rate of health capital.

Based on the above formula, this study further deduced the calculation formula
of personal residual health capital:

K= h -7
t1 —y1-l —yl-t1 2 2
yl-(e7H— et 2.(I—tI?)

+h-(1-tl), ®

K7: The individual remaining health capital after a given time point ¢1.
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The evaluation of an individual’s remaining health capital is an important contribution ‘
of this study. In the MGM framework, the utility flow of health capital is introduced with a
discount factor, allowing intertemporal trade in health capital and representing health utility
in period t as part of a dynamic flow process. Grossman assumes that future health capital
depends on individuals’ current decisions regarding health investment, which implies that
future, yet-to-be-produced health capital can be optimally allocated from present resources.

However, this intertemporal structure also implies that MGM primarily captures the
accumulation of past health flows rather than reliably predicting future health stock,
and it raises the conceptual issue of potentially unbounded or “infinite” life under
certain conditions. For this reason, MGM is often better suited to retrospective analysis
of health demand in empirical applications.

In contrast, our model addresses the evaluation of future available health capital
by rejecting intertemporal trade in health stock. In our framework, the health capital
utility flow in period t is static: it is determined within the period and does not vary with
current investment decisions or with the accumulation of health capital in period t-1.
This static formulation ensures that each period’s utility flow is independently defined.

As a result, the model treats health capital as a non-transferable production factor
across time, which resolves the indeterminacy associated with future health stock in
MGM. It also provides a more stable basis for empirical analysis, making the framework
particularly suitable for cross-sectional studies.

6. Conclusion

The production of health capital is not a discrete activity but a continuous process
throughout an individual’s life course. Health investment generates benefits only under
certain conditions, and excessive investment may lead to negative returns. Due to health
elasticity, improvements in health status are conditional and can only be sustained
through continuous investment in health production. In the presence of environmental
load, active health production is more costly than passive health production. Moreover,
because health production is fundamentally restorative, its benefits cannot fully offset
cumulative depreciation costs.

Health capital cannot be traded across periods, and H, is not the direct result of H,,.
Instead, the production mechanism operates by increasing available health capital in
period t through reducing the depreciation rate induced by external environmental
pressures. In this sense, health production modifies the dynamics of depreciation rather
than generating purely additive stock accumulation.

This study provides a new explanation for why the MGM is often rejected by empirical
evidence, while also addressing several of its theoretical limitations. By constructing
an exponential functional form, we analyze the production mechanism and evaluation
method of health capital and show that health events influence individual health capital
primarily by altering depreciation coefficients across developmental and aging periods.

Overall, this study develops a new theoretical model of health capital and proposes
a method for evaluating remaining health capital. It offers a theoretical foundation for
predicting human capital dynamics and for future empirical research on health capital.
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