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Abstract 

This research develops a dynamic and stochastic partial equilibrium model with overlapping 

generations to simulate the effects of health condition, whether good or poor, on household 

consumption and indebtedness. While fiscal imbalances caused by pension system structures 

are currently a pressing issue, the effects of population health status will increasingly become 

evident in a country’s economy, particularly in consumption levels and indebtedness due to 

higher healthcare expenditures. Household savings levels would be under pressure to cope 

with unexpected expenses such as out-of-pocket health expenditures. In the model, these out-

of-pocket expenses are covered through a subsidy, and the government does not directly 

provide health services but operates a transfer scheme that partially insures households 

against catastrophic out-of-pocket health expenditures.  

In order to show the model’s capabilities, México will be used as case study.  The results 

display a consumption pattern gap that worsens due to poor health conditions. Additionally, 

income levels stagnate around the same age at which the proportion of health-related 

expenditure needs begin to rise and increase relative to income levels. Long-term fiscal 

sustainability is at risk, not only due to the lack of current attention, but also resources 

allocated to adults and elderly could limit investment in the health of new generations, 

thereby compromising human capital in the future. 
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1 Introduction 

Health is a key resource for human development and changes throughout the life cycle  (OPS, 

2024). Demographic changes, characterized by an aging population and declining birth rates, 

place great pressure on social security systems and healthcare costs (IMF, 2016) (Dougherty, 

S., & Lorenzoni, 2022). When considering existing inequalities and gaps within population 

groups, particularly in terms of care needs, investment, or financing, the challenge becomes 

even greater  (CIEP, 2018).  

Analyzing isolated variables has underestimated the impact of health on national 

development. Presenting how health status affects macroeconomic variables such as 

consumption and its interactions with the labor market, allows measuring the importance of 

investing in healthier societies. The primary motivation for this research stems from observed 

trends over the past ten years, revealing low and uneven investment in the health sector, 

coupled with an increase in private healthcare services and higher household out-of-pocket 

expenses (CIEP, 2018), (Haakenstad et al., 2023).  

In terms of fiscal sustainability, chronic diseases exert a greater financial burden on 

the health system, particularly diabetes. Latin America shows high diabetes rates globally. 

While the OECD member countries have an average of 7% of the population living with 

diabetes, in Costa Rica it comes to 9.8%, in Panama 11%, and Mexico with a substantial 

16.9% of population (OCDE, 2023).  Furthermore, Mexico’s per capita public health 

expenditure is 626 USD PPP, which is half of what countries in the region such as Chile, 

Colombia, Costa Rica, or Panama allocate. This level is close to that of South Africa, which 

spends 603 USD PPP (OCDE, 2023). 

Latin America faces complex challenges, not only due to population aging, but its 

healthcare systems also struggle to achieve universal coverage and equitable access while 

maintaining relatively low public health expenditures. These should encourage further 

research and debate on the potential benefits of adopting a life-cycle approach to healthcare 

and promoting greater investment in the health sector, which would lead to healthier societies 

capable of contributing efficiently to both the economies and labor markets. 



 

This study explores the impact of health conditions, whether good or poor, on 

macroeconomic variables such as consumption, fiscal sustainability, and the labor market. 

Section two, -Methods- presents a partial macroeconomic equilibrium model with 

overlapping generations.  Section three portraits the empirical strategy, including 

parametrization for Mexico. Results are shown in the fourth section. The final section 

discusses findings and extensions.  

2 Methods 

The overlapping generations model (OLG) of heterogeneous agents is one of the main 

approaches used to analyze fiscal policy changes. Unlike infinite-horizon representative 

agent models, this approach allows the incorporation of: 

• Life-cycle properties, which are important for determining savings and labor 

supply decisions. 

• Intragenerational household heterogeneity, necessary to analyze the impact of 

policy changes on income and wealth distribution. 

• Intergenerational household heterogeneity, crucial for studying tax schedules and 

their effects on intergenerational distribution. 

A class of OLG models incorporates uncertainty in the form of idiosyncratic household-level 

shocks, such as labor income or longevity risks, while aggregate variables remain 

deterministic. These shocks affect agents differently, leading to heterogeneous responses 

within a cohort. These models are used to calculate the effects of transitioning from one 
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steady state to another and to analyze the welfare implications of reforms for future 

generations at the expense of transitional ones. The model in this paper belongs to this group 

of OLG models. It is a dynamic and stochastic incorporating idiosyncratic risks to labor 

productivity.  In contrast to general equilibrium models, partial equilibrium models define 

factor prices and aggregate macroeconomic variables exogenously, meaning there is no 

endogenous determination mechanism within the model for these variables (Fehr & 

Kindermann, 2018). Throughout the paper, ‘macroeconomic’ refers to aggregate life-cycle 

outcomes generated in a partial-equilibrium setting, rather than a full general-equilibrium 

framework 

Related literature  

This paper framework follows a partial-equilibrium life-cycle macro model with overlapping 

generations. Our conceptualization is related to a growing literature that studies the 

interaction between health, economic behavior over the life cycle, and demographic change 

using overlapping-generations (OLG) and life-cycle models. A central insight of this 

literature is that health is not merely a sectoral outcome or a welfare indicator, but a key state 

variable shaping consumption, savings, labor supply, and long-run fiscal sustainability. Our 

analysis builds on this tradition while emphasizing the macroeconomic and fiscal 

consequences of health conditions in middle-income economies undergoing rapid 

demographic transition.  

A foundational strand of the literature focuses on life-cycle savings behavior under 

health and medical expenditure risk. A canonical contribution is (De Nardi, French, and 

Jones 2010), who develop a structural life-cycle overlapping-generations model with 

idiosyncratic medical expenditure risk to explain why elderly households, particularly in 

the United States, do not decumulate assets as predicted by standard life-cycle theory. 

Their framework highlights the role of uncertain and rising medical expenses, differential 

mortality by income, and social insurance programs that provide a consumption floor.  

This work establishes medical expenditure risk as a dominant driver of late-life saving 

behavior and has become a benchmark for incorporating health risk into life-cycle macro 

models. While our analysis draws on this tradition, our focus differs in both timing and 

context. Rather than concentrating on asset decumulation during retirement in high-



income economies, we study how health conditions distort income and consumption paths 

earlier in the life cycle, particularly in environments characterized by limited public health 

provision and tight fiscal constraints. 

Earlier and more stylized contributions also emphasize the joint determination of 

saving and health spending over the life cycle. (Fioroni 2009) studies a two-period 

overlapping-generations model in which health spending increases both quality of life and 

longevity. She shows that saving and health expenditures behave as luxury goods, but with 

nonlinear income elasticities, generating non-monotonic relationships between income, 

saving rates, and health spending across countries. Although highly parsimonious, this 

framework provides early theoretical support for the idea that rising health needs can 

crowd out saving, particularly in middle-income economies, a mechanism that is further 

developed in richer stochastic life-cycle models and could have important fiscal 

implications. 

A second strand of the literature endogenizes health investment and longevity within 

life-cycle settings. For example, (Dalgaard and Strulik 2014) develop a model in which 

individuals optimally invest in health to slow physiological aging and extend life 

expectancy. Their framework provides microfoundations for the observed non-linear 

relationship between income and longevity, commonly known as the Preston Curve, by 

linking prosperity to health investment decisions and biological aging. Related work by 

(Kuhn and Feichtinger 2015), and coauthors studies the joint determination of health care, 

retirement, and consumption in life-cycle models where health affects both mortality and 

morbidity. 

 In these models, health influences retirement decisions through the disutility of work 

and through longevity, which determines the need to accumulate retirement wealth. 

Conversely, retirement choices affect health by altering the value of survival and morbidity 

reductions. This literature highlights that health, labor supply, and retirement decisions are 

deeply intertwined and that health investment can generate inefficiencies, particularly in 

the presence of annuity markets and moral hazard. 

A third strand extends the analysis to broader demographic and policy dimensions. A 

paper by (Yew and Zhang 2018) study health spending, savings, and fertility in a life-cycle 

dynastic model with longevity externalities embedded in annuity returns. They show that 



such externalities can lead to excessive health spending, under-saving, and excessive 

fertility in laissez-faire equilibria, and they analyze how social security systems and public 

health subsidies can restore efficiency. While this line of work explicitly models fertility 

and optimal policy design, our analysis abstracts from endogenous fertility choices in order 

to focus on how health conditions and medical expenditures distort income and 

consumption trajectories over the life cycle, with implications for fiscal sustainability 

under demographic transition. 

Recent contributions have also incorporated medical progress and endogenous 

mortality within general-equilibrium OLG frameworks. For example, (Frankovic and 

Wrzaczek 2020) study a two-sector overlapping-generations economy in which 

individuals demand health care to reduce mortality and analyze the effects of major 

medical innovations that improve the effectiveness of health care. Their results show that 

general-equilibrium effects substantially dampen the increase in health care utilization 

following medical innovation, and that higher savings can partially offset the negative 

impact of population aging on GDP per capita. This work underscores the importance of 

sectoral reallocation and general-equilibrium feedbacks, while also illustrating why 

partial-equilibrium life-cycle models remain useful for isolating key behavioral and fiscal 

mechanisms, particularly in environments with constrained public provision. 

Finally, a closely related literature examines the role of public health insurance in 

shaping savings behavior in aging societies. A paper by (Lim 2020) studies public 

provision of health insurance in an overlapping-generations model with endogenous health 

risk calibrated to South Korea. He shows that the expansion of public health insurance can 

significantly affect aggregate saving behavior by altering precautionary motives in aging 

economies. This line of work highlights the importance of institutional design in mediating 

the macroeconomic effects of health risk and complements our analysis by emphasizing 

the fiscal and savings implications of health financing arrangements. 

Taken together, this literature demonstrates that health affects economic outcomes 

through multiple channels: productivity, survival, medical expenditures, labor supply, and 

demographic behavior. Our contribution fits within this framework by focusing on the 

macroeconomic consequences of health conditions in a partial-equilibrium overlapping-

generations setting calibrated to a middle-income country context. In contrast to much of 



the existing work, which is largely motivated by high-income economies with extensive 

social insurance systems, we emphasize environments characterized by low public health 

spending, high out-of-pocket exposure, and rapid demographic aging. By doing so, we 

highlight how health shocks can generate early-life income stagnation, rising indebtedness, 

and intergenerational trade-offs that pose risks to long-run fiscal sustainability. 

Structure of the model 

In each period, the economy is populated by overlapping generations indexed by 𝑗 = 1, … , 𝐽. 

In every generation j, there are two groups of households: with low and high skill 

qualifications, indexed by s=1 for the most qualified households and s=2 for less skilled 

households (both skills have the same parameters unless otherwise indicated). 

Survival from one period to the next is assumed to be stochastic and to be the 

probability that an agent survives from age to age, conditional on living to age. The 

unconditional probability of surviving to age is given by with 𝜓𝑗,𝑠. Since the number of 

members of each cohort decreases with respect to age, the age-corresponding cohort size in 

the period t is: 

𝑁𝑗,𝑠,𝑡 = 𝜓𝑗,𝑠,𝑡𝑁𝑗−1,𝑠,𝑡−1     with      𝑁1,𝑡 = (1 + 𝑛𝑝,𝑡)𝑁1,𝑠,𝑡−1 

The balanced growth trajectory, that is, in which all aggregate variables grow at the 

same rate, is set at the growth rate of the youngest cohort, which remains constant throughout 

all periods. These variables added over time are normalized by the size of the youngest cohort 

living in that period 𝑛𝑝,𝑡 = 𝑛𝑝𝑡 for both kinds of skills. 

Households 

Individuals have preferences over consumption and leisure, and they also pay taxes on 

consumption and income, as well as a payroll tax to the pension system. The time allocation 

is assumed to be equal to 1. The household utility function is defined as: 

𝑐𝑗,𝑡𝑙𝑗,𝑡𝑙𝑗,𝑡𝑡𝑙𝑗,𝑡 + 𝑙𝑗,𝑡 = 1 



𝐸 [∑ 𝛽𝑗−1

𝐽

𝑗=1

(𝛱𝑖=1
𝑗

𝜓𝑖,𝑘)𝑢(𝑐𝑗,𝑠, 1 − 𝑙𝑗,𝑠)] 

where 𝛽 denotes the temporal discount factor. 

Given there are no annuity markets, the return on individual assets corresponds to the 

net interest rate. In an environment where there is no risk of longevity, agents know with 

certainty when their life will end. Therefore, they can perfectly plan when they want to 

consume all their savings. In this model, there is survival uncertainty; agents can die before 

their maximum lifespan and, consequently, leave an inheritance. Denote the inheritance that 

an agent receives in the specific period 𝐽𝑏𝑗,𝑡𝑗𝑡. 

Consumer decision problem 

Households maximize the utility function subject to the intertemporal budget constraint. 

𝑎𝑗+1,𝑠 = (1 + 𝑟𝑡
𝑛)𝑎𝑗,𝑠 + 𝑤𝑡

𝑛ℎ𝑗,𝑠𝑙𝑗,𝑠 + 𝑏𝑗,𝑠 + 𝑝𝑒𝑛𝑗,𝑠 − 𝑝𝑡𝑐𝑗,𝑠 

Where: 

• 𝑎𝑗,𝑡 are the savings-assets of the agent in the period t, 

• 𝑤𝑡
𝑛 = 𝑤𝑡(1 − 𝜏𝑡

𝑤 − 𝜏𝑡
𝑝) is the net wage rate, which is equal to the market wage minus 

labor income taxes and the payroll tax to finance the pension system, 𝑤𝑡𝜏𝑡
𝑤𝜏𝑡

𝑝
 

• 𝑟𝑡
𝑛 = 𝑟𝑡(1 − 𝜏𝑡

𝑟) is the net interest rate, which is equal to the market interest rate 

minus the capital income tax, 𝑟𝑡𝜏𝑡
𝑟 

• 𝑝𝑡 = 1 + 𝜏𝑡
𝑐 It is the consumer price normalized to one plus consumption taxes, 𝜏𝑡

𝑐 

Agent optimization problem 

The following expected utility function separable in time is considered (De Nardi, French, 

& Jones, 2010) 

𝐸 [∑ 𝛽𝑗−1

𝐽

𝑗=1

(∏ 𝜓𝑖(𝑚𝑖−1)

𝑗

𝑖=2

) 𝑢𝑚(𝑐𝑗)] 



 

The instantaneous utility is given by: 

𝑢𝑚(𝑐𝑗) = δ(𝑚𝑗)
𝑐𝑗

1−
1
𝛾

1 −
1
𝛾

 

The indicator variable 𝑚𝑗  𝜖 [0,1] denotes the state of health of an agent, may be good 

 (𝑚𝑗 = 0) or bad (𝑚𝑗 = 1). Where δ ϵ ] −1 ;  1 [ determines how health status affects 

consumption. Furthermore, the state of health at the previous age affects the probability of 

survival such that 𝜓𝑗(𝑚𝑗−1 = 1)  =   χ ∙   𝜓𝑗(𝑚𝑗−1  =  0) 𝑤𝑖𝑡ℎ χ <  1.  

In the baseline specification without health shocks, the budget constraint coincides 

with that of the reference model. The transition of probabilities from one health state to 

another 𝜋𝑗,𝑚,𝑚+   𝜖 [0; 1] depends on age j and income group 𝜃. We assume that the 

probabilities of having a bad health condition in the future when the current health condition 

is good increases linearly from 𝑝𝑔1 to  𝑝𝑔𝐽  . The state vector changes to 𝑧 = (𝑗, 𝑎, 𝜃, 𝑚, 𝜂). 

2.1 Mathematical Formulation of the Model  

This section provides a detailed mathematical specification of the household optimization 

problem, building on the OLG framework presented above. The model incorporates three 

key extensions: (i) skill-dependent health transitions, (ii) health-dependent labor 

productivity, and (iii) out of pocket health costs with a government-provided consumption 

floor.  

2.1.1 Household Problem and State Space 

Household maximize expected lifetime utility subject to health uncertainty, income shocks, 

and medical expenditure risk. The household optimization problem is: 

𝐸0 [∑ 𝛽𝑗−1

𝐽

𝑗=1

(∏ ψ𝑖(𝑚𝑖−1)

𝑗

𝑖=2

) 𝑢𝑚𝑗(𝑐𝑗)] 

where β is the discount factor, ψᵢ(mᵢ₋₁) is the survival probability conditional on previous 

health status, and uₘⱼ(cⱼ) is period utility that depends on health status. The utility function 

takes the form: 



𝑢𝑚(𝑐𝑗) = 𝛿(𝑚𝑗)
𝑐

𝑗

1−
1
𝛾

1−
1

𝛾

 ,  𝛿(𝑚𝑗) = 1 − 𝛿 · 𝑚𝑗  

with δ(m) = 1 - δ·m capturing the utility penalty from poor health (δ = 0.1 implies 10% 

utility reduction when sick). 

The state space at age j is six-dimensional: zⱼ = (j, aⱼ, θ, mⱼ, ηⱼ, ζⱼ), where: 

• j: age (cohort index from 1 to J) 

• aⱼ: asset holdings (continuous state variable) 

• θ: permanent skill level (θ₁ for low-skilled, θ₂ for high-skilled) 

• mⱼ: health status (binary: 0 = healthy, 1 = sick) 

• ηⱼ: transitory productivity shock following AR(1) process with persistence ρ = 0.985 

• ζⱼ: health cost shock drawn i.i.d. from N(0, σ²ζ) with σζ = 0.2 

The expansion from the standard five-dimensional state space (j, a, θ, m, η) to include 

health cost shocks (ζ) allows the model to capture uncertainty in medical expenditures 

beyond deterministic age patterns. 

2.1.2  Budget Constraint with Health Costs 

The household faces the following budget constraint in each period: 

𝑎(𝑗+1) + ℎ𝑐𝑗 + 𝑐𝑗 = (1 + 𝑟)𝑎𝑗 + 𝑤 ⋅ ℎ𝑗(𝑚𝑗) + 𝑝𝑒𝑛𝑗 + 𝑏𝑗  

where: 

• aⱼ₊₁: asset holdings carried into next period (subject to aⱼ₊₁ ≥ 0) 

• hcⱼ: out-of-pocket health expenditures 

• cⱼ: consumption 

• r: exogenous interest rate 

• w: wage rate 

• hⱼ(mⱼ): labor productivity (depends on health status, detailed below) 

• penⱼ: pension income (for retirees) 

• bⱼ: government transfer ensuring consumption floor 

Out-of-pocket health costs follow the specification: 



hcⱼ =  kⱼ ·  exp(ζⱼ) 

where kⱼ increases linearly with age from k₁ = 0.3 to kⱼ = 0.9, and ζⱼ ~ N(0, 0.04) is a log-

normal shock. This formulation captures: 

• Rising healthcare needs with age (captured by kⱼ) 

• Stochastic variation in medical expenses (captured by exp(ζⱼ)) 

• Potential for catastrophic health costs (right tail of log-normal distribution) 

The government provides transfers to ensure a minimum consumption level: 

𝑏𝑗 = 𝑚𝑎𝑥[𝑐 + ℎ𝑐𝑗 − (1 + 𝑟)𝑎𝑗 − 𝑤 · ℎ𝑗(𝑚𝑗) − 𝑝𝑒𝑛𝑗 , 0] 

with consumption floor c̄ = 0.05. This specification guarantees cⱼ ≥ c̄ for all households, 

representing Medicaid-type programs and social safety nets. 

2.1.3 Skill-Dependent Health Transitions 

A critical innovation is that health transition probabilities depend on permanent skill levels, 

reflecting differential exposure to health risks and access to healthcare. 

For LOW-SKILLED workers (θ = θ₁ = -√0.242): 

The probability of transitioning from healthy to sick increases linearly with age: 

𝑝𝑔𝑗
𝑙𝑜𝑤 = 0.10 + (0.40 − 0.10) × (𝑗 − 1)/(𝐽 − 1) 

At age 1: pg₁ˡᵒʷ = 0.10 (10% chance of becoming sick) 

At age J: pgⱼˡᵒʷ = 0.40 (40% chance of becoming sick) 

At age 50 (middle age): pg₅₀ˡᵒʷ ≈ 0.21 (21% chance of becoming sick) 

The persistence of poor health (probability of remaining sick) is: 

𝑝𝑏𝑗 = 0.60 + (0.90 − 0.60) × (𝑗 − 1)/(𝐽 − 1) 

This ranges from 60% at young ages to 90% at old ages, reflecting increasing difficulty of 

recovery with age. 

For HIGH-SKILLED workers (θ = θ₂ = √0.242): 

The probability of becoming sick is substantially lower: 



𝑝𝑔𝑗
ℎ𝑖𝑔ℎ

= 0.00 + (0.20 − 0.00) × (𝑗 − 1)/(𝐽 − 1) 

At age 1: pg₁ʰⁱᵍʰ = 0.00 (essentially no risk of becoming sick when young) 

At age J: pgⱼʰⁱᵍʰ = 0.20 (20% chance of becoming sick when old) 

At age 50: pg₅₀ʰⁱᵍʰ ≈ 0.08 (8% chance of becoming sick) 

The persistence of poor health is the same as for low-skilled workers (pbⱼʰⁱᵍʰ = 

pbⱼˡᵒʷ), reflecting that once sick, recovery rates are similar across skill groups—the key 

difference is in becoming sick in the first place. 

Economic Interpretation: 

High-skilled workers at age 50 are approximately 2.6 times less likely to become sick (8% 

vs. 21%). Over a lifetime, this creates substantial cumulative health advantages. The model 

captures three empirical regularities: (1) better-educated workers have better health 

outcomes, (2) health disparities widen with age, and (3) socioeconomic status affects 

disease incidence more than disease progression. 

2.1.4 Health-Dependent Labor Productivity 

Labor productivity depends on health status through skill-specific penalty parameters. For 

working-age households (j < JR), productivity is: 

ℎ𝑗(𝑚𝑗) = 𝑒𝑗 · 𝑒𝑥𝑝(𝜃 + 𝜂𝑗 − 𝜚(𝜃) · 𝑚𝑗) 

This can be decomposed into four components: 

• eⱼ: deterministic age-efficiency profile (hump-shaped over life cycle) 

• exp(θ): permanent skill component (θ₁ for low-skilled, θ₂ for high-skilled) 

• exp(ηⱼ): transitory shock following AR(1) process 

• exp(-ϱ(θ)·mⱼ): health-dependent penalty 

The health penalty parameters are: 

• ϱ₁ = 0.20 for low-skilled workers 

• ϱ₂ = 0.10 for high-skilled workers 



When healthy (m = 0): exp(-ϱ·0) = 1 (no penalty) 

When sick (m = 1): 

• Low-skilled: exp(-0.20) ≈ 0.819 (19% productivity loss) 

• High-skilled: exp(-0.10) ≈ 0.905 (9.5% productivity loss) 

Economic Rationale: 

The larger penalty for low-skilled workers reflects that: 

• Physically demanding jobs are more affected by poor health 

• Low-skilled workers have less workplace accommodation for health limitations 

• Professional jobs (high-skilled) allow more flexibility to work around health issues 

• Education may provide knowledge to better manage health conditions 

This specification implies that poor health creates both a level effect (lower productivity) 

and a distributive effect (larger impact on low-skilled workers), reinforcing income 

inequality. 

2.1.5 Government Transfer and Consumption Floor 

The consumption floor is implemented through means-tested transfers: 

𝑏𝑗 = 𝑚𝑎𝑥[𝑐 + ℎ𝑐𝑗 − (1 + 𝑟)𝑎𝑗 − 𝑤 · ℎ𝑗(𝑚𝑗) − 𝑝𝑒𝑛𝑗 , 0] 

 

This formulation has several important features: 

1. Coverage of health costs: The transfer covers both the consumption shortfall (relative to 

c̄) AND the health costs hcⱼ. A household with zero resources receives c̄ in consumption 

and has their health costs fully covered. 

2. Asset test: The transfer decreases with asset holdings (captured by (1+r)aⱼ term). 

Wealthier households receive smaller transfers. 

3. Income test: The transfer decreases with labor income w·hⱼ(mⱼ) and pension income 

penⱼ. Higher earners receive smaller transfers. 

4. Automatic stabilization: When a household experiences a health shock (high hcⱼ), the 

transfer automatically increases to prevent consumption from falling below c̄. 



Economic Effects: 

• Insurance: Provides insurance against catastrophic health costs, preventing destitution 

• Moral hazard: Reduces incentives for precautionary savings (households know they 

won't fall below c̄) 

• Redistribution: Disproportionately benefits low-skilled workers who face higher health 

risks 

• Fiscal cost: Government transfers increase with population aging and health 

deterioration 

The consumption floor of c̄ = 0.05 represents approximately 5% of average income, 

consistent with empirical estimates of minimum consumption in developed economies. 

2.2 The Bellman Equation and Optimization 

The household optimization problem is solved recursively using dynamic programming. At 

each age j, the household chooses savings aⱼ₊₁ to maximize lifetime utility: 

𝑉𝑗(𝑎𝑗 , 𝜃, 𝑚𝑗 , 𝜂𝑗 , 𝜁𝑗)

= 𝑚𝑎𝑥(𝑎(𝑗+1)≥0) [𝑢(𝑚𝑗)(𝑐𝑗)

+ 𝛽𝜓(𝑗+1)(𝑚𝑗)𝐸𝑗[𝑉(𝑗+1)(𝑎(𝑗+1), 𝜃, 𝑚(𝑗+1), 𝜂(𝑗+1), 𝜁(𝑗+1))]] 

 

where: 

• Vⱼ is the value function (maximum attainable utility from age j onward) 

• uₘⱼ(cⱼ) is current period utility 

• β is the discount factor (β = 0.98) 

• ψⱼ₊₁(mⱼ) is the survival probability (depends on current health status) 

• Eⱼ[·] denotes expectation conditional on current state 

The expectation operator integrates over three sources of future uncertainty: 

Health transitions: mⱼ₊₁ ∈ {0,1} with probabilities πⱼ(mⱼ₊₁|mⱼ,θ) 



Income shocks: ηⱼ₊₁ follows AR(1) process with ρ = 0.985, discretized into 7 grid 

points 

Health cost shocks: ζⱼ₊₁ ~ N(0, 0.04) i.i.d., discretized into 5 grid points 

With discretization, there are 2 (health) × 7 (income) × 5 (health costs) = 70 possible 

realizations of next period's state at each decision node. 

2.2.1 First Order Condition (Euler Equation) 

The interior solution (aⱼ₊₁ > 0) satisfies the Euler equation: 

𝛿(𝑚𝑗)𝑐𝑗
(−1/𝛾)

= 𝛽𝜓(𝑗+1)(𝑚𝑗)(1 + 𝑟)𝐸𝑗 [𝛿(𝑚(𝑗+1))𝑐(𝑗+1)
(−1/𝛾)

] 

This equation equates: 

• Left side: marginal utility of current consumption 

• Right side: expected discounted marginal utility of saving (future consumption) 

Numerical implementation: For each state (aⱼ, θ, mⱼ, ηⱼ, ζⱼ), we use root-finding (bisection or 

Newton's method) to find aⱼ₊₁ that satisfies: cⱼ(aⱼ₊₁) - RHSⱼ(aⱼ₊₁) = 0, where cⱼ(aⱼ₊₁) comes 

from the budget constraint and RHSⱼ is the right-hand side of the Euler equation. 

Corner solution (aⱼ₊₁ = 0): 

If the Euler equation implies aⱼ₊₁ < 0, the borrowing constraint binds. We set aⱼ₊₁ = 0 and 

consume all available resources (after paying health costs): cⱼ = (1+r)aⱼ + w·hⱼ(mⱼ) + penⱼ + 

bⱼ - hcⱼ 

2.3 Numerical Solution Algorithm 

The model is solved using backward induction for policy functions followed by forward 

simulation for the distribution. 

2.3.1 Backward Iteration (Solving for Policy Functions) 

Step 1: Terminal period (j = J) 

• Set aJ+1 = 0 (no bequests) 

• Consumption: cJ = (1+r)aJ + penJ + bJ - hcJ 

• Value: VJ = uₘJ(cJ) 



Step 2: For each age j = J-1, J-2, ..., 1: 

Define grids: Asset grid {a₁, ..., aₙₐ} (typically 50-100 points), Income shock grid (7 

points), Health cost grid (5 points) 

For each grid point (aᵢ, θₛ, mₖ, ηₗ, ζₘ): 

• Solve Euler equation to find optimal savings a*ⱼ₊₁ (if a*ⱼ₊₁ < 0, set a*ⱼ₊₁ = 0) 

• Compute optimal consumption: c*ⱼ = (1+r)aᵢ + w·hⱼ(mₖ) + penⱼ + bⱼ - hcⱼ(ζₘ) - a*ⱼ₊₁ 

• Compute continuation value by interpolating Vⱼ₊₁ 

• Compute current value: Vⱼ = uₘₖ(c*ⱼ) + βψⱼ₊₁(mₖ) · V^cont 

• Store policy functions: a*ⱼ, c*ⱼ, and Vⱼ 

Step 3: Repeat for all ages until reaching j = 1 

This produces policy functions {a*ⱼ, c*ⱼ, Vⱼ} for all j and all possible states. 

2.3.2 Forward Simulation (Computing the Distribution) 

Once policy functions are computed, simulate the cross-sectional distribution of 

households: 

Initialize at j = 1: All households start with zero assets (a₁ = 0). Distribute initial population 

across (θ, m₁, η₁, ζ₁): 50% low-skilled, 50% high-skilled; initial health determined by pg₁(θ); 

shocks drawn from stationary distributions. 

 

For each age j = 2, 3, ..., J: 

• For each household type at j-1: Look up optimal savings a*ⱼ from policy function 

• Distribute mass to age j states weighted by transition probabilities: μⱼ(a*ⱼ, θ, mⱼ, ηⱼ, ζⱼ) += 

μⱼ₋₁ × πⱼ(mⱼ|mⱼ₋₁,θ) × πη(ηⱼ|ηⱼ₋₁) × πζ(ζⱼ) 

• Account for mortality: μⱼ = ψⱼ(mⱼ₋₁) × μⱼ 

• Normalize distribution to maintain constant cohort size 

Step 3: Aggregate to compute cohort averages: 

• Average consumption by skill and health: C̄ⱼ(θ,m) 

• Average assets by skill and health: Āⱼ(θ,m) 



• Average income by skill and health: Ȳⱼ(θ,m) 

• Fraction receiving transfers by skill and health 

• Wealth inequality measures (Gini coefficient, percentile ratios) 

2.4 Key Parameters and Calibration Strategy 

The model parameters are calibrated using a combination of: (1) Direct empirical evidence 

from Mexico, (2) Standard values from the macroeconomics literature, and (3) Calibration 

to match aggregate moments. 

Parameter Value Description/Justification 

Γ 0.5 Intertemporal elasticity of 

substitution (mid-range of 

macro estimates) 

Β 0.98 Annual discount factor (2% 

time preference rate) 

Δ 0.1 Utility penalty from poor 

health (10% reduction when 

sick) 

ϱ₁ 0.2 Low-skilled productivity 

penalty (19% income loss 

when sick) 

ϱ₂ 0.1 High-skilled productivity 

penalty (9.5% income loss 

when sick) 

Σζ 0.2 Volatility of health cost 

shocks 

k₁, kJ 0.3, 0.9 Health cost age profile 

(tripling from young to old) 

c̄ 0.05 Consumption floor (5% of 

average income) 



pgˡᵒʷ [0.1, 0.4] Low-skilled probability of 

becoming sick (increases 

with age) 

pgʰⁱᵍʰ [0.0, 0.2] High-skilled probability of 

becoming sick (50% lower) 

Pb [0.6, 0.9] Persistence of poor health 

(same for both skills) 

Ρ 0.985 AR(1) persistence of 

transitory income shocks 

Σε 0.022 Innovation variance of 

transitory shocks 

 

These parameters jointly determine: (1) the strength of precautionary savings motives, (2) 

the magnitude of health-related inequality, (3) the value of the social safety net, and (4) the 

life-cycle profiles of consumption, assets, and welfare. 

2.5 Key Economic Mechanisms 

2.5.1 Cumulative Health Advantage 

High-skilled workers enjoy better health outcomes through multiple channels: 

• Lower probability of becoming sick at every age (skill-dependent transitions) 

• Higher income enables better nutrition, housing, and healthcare access 

• Less physically demanding jobs reduce wear-and-tear on the body 

• Better health → higher productivity → more wealth → better health (reinforcing cycle) 

Health-Income Poverty Trap 

Low-skilled workers face a poverty trap mechanism: 

• Poor health reduces productivity by 19% (vs. 9.5% for high-skilled) 

• Lower income limits ability to invest in health 

• Higher health costs relative to income (same absolute costs, lower income) 

• More likely to hit consumption floor and require government transfers 



• Reduced ability to save for future health shocks 

2.5.2 Role of Government Transfers 

The consumption floor provides insurance against catastrophic health costs: 

• Prevents extreme poverty when health shocks occur 

• Reduces precautionary savings (moral hazard effect) 

• More valuable for low-skilled workers (higher probability of use) 

• Trade-off between protection and work incentives 

• Fiscal cost increases with population aging and health deterioration 

Dynamic optimization problem 

The dynamic optimization problem of an individual in the presence of different health 

conditions is given by: 

𝑉(𝑧) = max
𝑐,𝑎+

𝑢𝑚(𝑐) + 𝛽𝜓𝑗+1(𝑚)𝐸[𝑉(𝑧+)|𝑚, 𝜂] 

s.a.  𝑎+ = (1 + 𝑟)𝑎 + 𝑤ℎ + 𝑝𝑒𝑛 − 𝑐,            𝑎+ ≥ 0, 

𝜂+ = 𝜌𝜂 + 𝜖+       𝑐𝑜𝑛        𝜖+~𝑁(0, 𝜎𝜖
2) 

𝜋𝑗,𝑚,𝑚+ = 𝑃𝑟(𝑚𝑗+1 = 𝑚+|𝑚𝑗 = 𝑚)      𝑐𝑜𝑛   𝑚. 𝑚+ 𝜖{0,1}, 

With the definition of instantaneous utility function 𝑢𝑚(𝑐) previously defined, and its 

respective Lagrangian that leads to the following first order condition: 

𝑐 = (𝛽𝜓𝑗+1(𝑚)(1 + 𝑟)δ(𝑚)−1 ∙ 𝐸 [δ(𝑚+)𝑐(𝑧+)
−

1
𝛾|𝑚, 𝜂])

−𝛾

 

Where we use the notation 𝑧+ = (𝑗, 𝑎+, 𝜃, 𝑚+, 𝜂+). 

In addition to the current productivity shock 𝜂, The expected marginal utility of future 

consumption also depends on the health condition in the current state, m. 

In each period, the transition of health states is determined by the age-dependent transition 

matrix 𝜋𝑗,𝑚,𝑚+. The immediate utility of individuals in poor health is scaled with the 

parameter δ(𝑚) and by the probability of survival subject to a discount factor χ . Note that 



poor health introduces a shock to the probability of survival as long as that condition persists. 

That shock disappears if there is a transition to good health condition. 

From this definition, we extend the model with the following changes: 

We assume that the transition probabilities depend on the income group by setting  

[𝑝𝑔1; 𝑝𝑔𝐽]  =  [0.0; 0.2] for the highest income group. 

Furthermore, we allow productivity to be affected by health status if 𝑗 <  𝑗𝑟; 

ℎ𝑗(𝑚𝑗) = 𝑒𝑗 ∙ 𝑒𝑥𝑝[𝜃 + 𝜂𝑗 − 𝜗𝜃𝑚𝑗] 

Where  𝜗1 = 0.2  𝑎𝑛𝑑  𝜗2 = 0.1 

Finally, we assume that a state of poor health generates out-of-pocket spending, which 

depends on a deterministic age profile 𝑘𝑗 and from a stochastic term 𝜁𝑗  normally distributed: 

ℎ𝑐𝑗 = 𝑘𝑗 ∙ 𝑒𝑥𝑝𝜁𝑗    𝑤𝑖𝑡ℎ        𝜁𝑗~𝑁(0, 𝜎𝜁
2) 

Then, households maximize expected utility subject to (periodic) budget constraints. 

𝑎𝑗+1 + ℎ𝑐𝑗 + 𝑐𝑗 = (1 + 𝑟)𝑎𝑗 + 𝑤ℎ𝑗(𝑚𝑗) + 𝑝𝑒𝑛𝑗 + 𝑏𝑗 

And to the non-negativity constraint of savings 𝑎𝑗+1 ≥ 0. The right side of the equation 

includes government transfers 𝑏𝑗, that provide minimum consumption (floor, 𝑐), i.e.,  

𝑏𝑗 = 𝑚𝑎𝑥[𝑐 + ℎ𝑐𝑗 − (1 + 𝑟)𝑎𝑗 − 𝑤ℎ𝑗(𝑚𝑗) − 𝑝𝑒𝑛𝑗; 0] 

The state vector now increases to 𝑧 = (𝑗, 𝑎, 𝜃, 𝑚, 𝜂, 𝜁).  

The implementation is numerical with linear and deterministic increases in costs. 

 [𝑘1;𝑘𝐽]  =  [0.3,0.9],  a variance of 𝜎𝜁
2 = 0.2, and minimal consumption 𝑐 =  0.05. 

3 Model parametrization for Mexico 

Firstly, for the numerical implementation of the transition probability based on skills between 

health states, good and bad, a new dimension is added to the transition matrix. Along this 

additional dimension, we can assign different probabilities of transitioning from a good to a 

bad health state for each skill group. 



Considering that health status depends on the skill group, we begin by computing the 

averages per cohort throughout the life cycle, after conditioning on both the skill group and 

the health status of the individuals. Similarly, we then take this cohort-conditional average to 

compute non-conditional averages and cohort averages that are conditional on health status 

or skill group, respectively. 

Secondly, the numerical implementation of labor productivity based on health 

condition is very similar to the transition probabilities based on the skill group between 

different health states. The program is initialized with a new arrangement that corresponds to 

𝜌 qthat takes the effect of a shock in health status on productivity, depending on their skill 

group, and multiplies it by the productivity in the human capital ℎ𝑗  of each individual.  

In this way, the negative impact of health status on labor productivity implies an effect 

on income. Household income, discounted over a lifetime, is lower as a result of lower asset 

accumulation and a lower lifetime consumption pattern. So that the effect on productivity 

depends on the level of skills, a 𝜗𝜃 greater for the less qualified group than for the group of 

the most qualified, this leads us to a divergence in the future in the accumulation of assets 

and in consumption patterns conditional on the state of health. 

Finally, to incorporate stochastic out-of-pocket expenditures in individuals in poor 

health, the normal distribution is discretized for the stochastic component 𝜁 and we define 

current out-of-pocket expenses. The additional state variable 𝜁 results in an additional loop 

that interacts with the discretized space. In each state where a poor health condition exists 

current out-of-pocket expenses. The additional state variable (𝑚 =  1), the individual is 

exposed to out-of-pocket expenses ℎ𝑐. 

Table 1. Exogenous parameters (Y) calibrated (C) and objective (T).  

Parameter Description Y C T Description 

𝑇𝑇 Number of transition periods. 

Each period is equivalent to 1 

year in real life. 

X   Defined by numerical criteria. 

𝐽𝐽 Number of years a household 

has lived. Households begin 

their economic life at age 20 (). 

X   Defined by Fehr y Kindermann 

(2018). 



Parameter Description Y C T Description 

They live up to 100 years 

().j=JJ=80 

𝐽𝑅 Mandatory retirement age. 

Households retire at age 65 

()𝑗𝑟 = 45 

X   Defined by Fehr y Kindermann 

(2018). 

𝛾 Relative risk aversion 

coefficient (reciprocal of 

elasticity of intertemporal 

substitution) 

 

 X  The parameter was calibrated to 

obtain the results closest to the 

observed values of the 

Consumption and Investment 

ratios with respect to GDP. 

 

𝛽 Temporary discount factor. 

 

 X  Calibrated by Fehr y 

Kindermann (2018). 

𝜎𝜃
2 Variance of the fixed effect on 

productivity. 𝜃 

 X  Calibrated by Fehr y 

Kindermann (2018). 

𝜎𝜖
2 Variance of the autoregressive 

component.𝜂 

 X  Calibrated by Fehr y 

Kindermann (2018). 

𝜅 Replacement rate of the 

pension system. 

X   OECD-Pension Indicators-

Contributions were consulted 

𝜓𝑗 Survival rates by age cohort. 

 

 X  Defined by Fehr y Kindermann 

(2018). 

 

For Mexico, the rates are 

adjusted according to the data 

from the life tables of the Public 

Health Intelligence Unit  

(SSa, INSP, UISP, 2019) 

𝑒𝑗 Labor income efficiency profile 

by age cohort. 

 

X   Defined by Fehr y Kindermann 

(2018). 

 

For Mexico, the income profile 

is adjusted with the data from 

the ENOE (INEGI, 2015).  

R Interest rate 

 

X   Defined by Fehr y Kindermann 

(2018). 

W Wage X   Defined by Fehr y Kindermann 

(2018). 

Δ 
 

Determines how health status 

affects the utility of 

consumption 

X   Defined by Fehr y Kindermann 

(2018). 



Parameter Description Y C T Description 

Χ 
 

Discount factor 

 

X   Defined by Fehr y Kindermann 

(2018). 

𝑐_𝑓𝑙𝑜𝑜𝑟 Floor consumption 

 

X   Defined by Fehr y Kindermann 

(2018). 

𝜎𝑧  Stochastic shock variance 

 

X   Defined by Fehr y Kindermann 

(2018). 

      

 

Table 2. Value of the parameters. 

Description Parameter México 

Utility function   

Coefficient of relative risk aversion (reciprocal of 

the elasticity of intertemporal substitution) 
𝛾 0.5 

Time discount factor 𝛽 0.98 

Risk in labor productivity   

Autoregressive component of the productivity 

shock 
𝜌 0.98 

Variance of the fixed effect on productivity.𝜃 𝜎𝜃
2 0.242 

Variance of the autoregressive component.𝜂 𝜎𝜖
2 0.022 

Pension system   

Replacement rate of the pension system 𝜅 0.5 

Factor prices   

Interest rate r  

Wage w  

Health risk factors   

Determinant of health status in utility δ  

Discount factor χ  

Floor consumption c_floor 0.05 

Variance of the stochastic shock 𝜎𝑧 0.2 

4 Results 

The reference model corresponds to the calibrated life-cycle model without health 

heterogeneity or stochastic medical expenditures, following Fehr and Kindermann (2018). 

The results are presented in Table 3. The first figure corresponds to the partial model defined 

by the reference literature, the second presents the results with the parameters defined for 



Mexico, first for consumption, then for income and, finally, for the proportion of out-of-

pocket spending for health services. 

Firstly, it is observed that, although the literature speaks of consumption more 

concentrated towards ages of 60 and over, in Mexico, consumption is higher in the population 

under 60 years of age. Furthermore, the group with higher skills has a higher level of 

consumption than the group with lower skills as a result of lower income generated by their 

health condition. It is observed that, at average levels, the greatest gap occurs in consumption 

levels due to poor health conditions.  

The results coincide with the intuition that tells us that, at a certain level of skills, 

individuals with a good health condition consume more than individuals with a poor health 

condition. Furthermore, the proportion of individuals with poor health is higher in the less 

qualified group than in the more skilled group.  

In Mexico the income practically stagnates after the age of 30. Unlike the reference 

model, which continues to increase from 30 to 50 years. This is due to a selection effect, in 

which an individual in poor health is more likely to also have a lower income, while an 

individual in good health has higher productivity. 

Thirdly, in terms of the proportion of income that is borrowed as a result of greater 

spending due to health conditions. In the reference model, this fraction increases around age 

60, due to health needs, since, by definition of the model, there is a precautionary effect in 

which savings are made to ensure out-of-pocket expenses in future years. However, in 

Mexico, this begins to increase from the age of 30. Government transfers and subsidies would 

have to increase to ensure that individuals do not end up with a negative level of consumption 

due to out-of-pocket health expenditures that exceed their level of income and asset 

accumulation. 



Figure 3. Consumption, income and the ratio of health expenditures to income. 
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4.1 Average Consumption Over the Life Cycle 

 

The average consumption profile (averaging over health states) reveals the classic life-cycle 

pattern with important deviations: 

Accumulation phase (ages 20-45): Consumption grows from 0.36 to 1.48, representing a 

311% increase over 25 years, or approximately 3.4% annual growth. This reflects rising 

labor productivity with experience and asset accumulation. 

Retirement plateau (ages 45-70): Consumption remains remarkably stable between 1.43-

1.47, declining by only 1.3% over 25 years. This near-flat profile is maintained through a 

combination of pension income, asset decumulation, and government transfers. The model 

successfully replicates the empirical regularity of consumption smoothing in retirement. 

Late-life decline (ages 70-95): Consumption falls from 1.43 to 0.66, representing a 54% 

decline. This reflects: (a) depletion of assets, (b) rising out-of-pocket health costs not 

covered by insurance, and (c) health deterioration reducing utility from consumption. The 

sharp drop highlights the vulnerability of the elderly to health shocks. 



Consumption by health status reveals persistent inequality: 

• Age 30: good health = 0.845, bad health = 0.357 → gap of 57.8% 

• Age 50: good health = 1.492, bad health = 0.824 → gap of 44.8% 

• Age 70: good health = 1.660, bad health = 1.458 → gap of 12.2% 

The narrowing gap at older ages (from 58% at age 30 to 12% at age 70) reflects the 

protective effect of government transfers and pensions that provide a consumption floor in 

retirement, compressing the distribution between healthy and sick individuals. 

4.2 Evolution of Health Status Across the Life Cycle 

 

 

The health composition of the population evolves dramatically with age, reflecting both 

biological aging and cumulative effects of socioeconomic conditions. For low-skilled 

workers (blue and purple lines): 

• At age 20: 95% in good health, 5% in bad health 

• At age 40: 65% in good health, 35% in bad health 



• At age 60: 50% in good health, 50% in bad health (crossing point) 

• At age 80: 30% in good health, 70% in bad health 

The rate of health deterioration averages approximately 1% per year between ages 20-60, 

accelerating thereafter. By age 60, half of all low-skilled workers are in poor health. 

For high-skilled workers (green and light blue lines), the trajectory is markedly different: 

• At age 40: 85% in good health, 15% in bad health 

• At age 60: 70% in good health, 30% in bad health 

• At age 80: 50% in good health, 50% in bad health (crossing point occurs 20 years 

later) 

This 20-year advantage in healthy longevity for high-skilled workers represents a 

fundamental source of cumulative inequality. The policy implication is clear: interventions 

targeting low-skilled populations must begin in middle age (40-50 years) rather than 

waiting until elderly years when health deterioration has already advanced substantially. 

 

4.3 Financial Vulnerability and Borrowing Constraints 

 

 



The fraction of households reaching the borrowing constraint (zero assets) reveals extreme 

financial vulnerability. For low-skilled workers with bad health (purple line): 

• At age 20: 23% start life with no assets 

• Ages 30-50: drops to near 0% (temporary accumulation period) 

• At age 60: 12% hit the constraint again 

• By age 100: 24% end life with zero assets 

This U-shaped pattern indicates high vulnerability at life's beginning and end, with a brief 

window of relative security during prime working years. The resurgence of the constraint 

after age 60 coincides with rising health costs and declining income. 

In stark contrast, high-skilled workers with bad health (yellow line) rarely exhaust their 

assets: 

• Less than 1% hit the borrowing constraint at any age 

• Even when experiencing poor health, higher lifetime earnings provide a protective 

buffer 

The average population (black line) shows: 

• Age 20: 12% begin with no assets 

• Ages 30-60: less than 5% are constrained 

• Age 90: 9% of survivors have zero assets 

Policy interpretation: Approximately 1 in 8-10 low-skilled workers will require 

substantial government support during health crises in early retirement (ages 60-70). The 

12% figure at age 60 represents a significant fiscal burden as the population ages. 

 

 

 



4.4 Welfare losses from poor health 

The value function (representing lifetime utility) quantifies welfare losses: 

• Age 20: value with good health = -139.77, with bad health = -143.04 → loss of 

2.3% 

• Age 30: value with good health = -98.87, with bad health = -175.77 → loss of 

77.8% 

• Age 45: value with good health = -40.93, with bad health = -57.30 → loss of 40.0% 

• Age 60: value with good health = -25.05, with bad health = -33.26 → loss of 32.8% 

The 78% welfare loss experienced by a 30-year-old worker who develops poor 

health is staggering. This represents not merely reduced consumption but the combined 

effect of: (a) lower current consumption, (b) reduced future earnings, (c) higher future 

health costs, (d) lower utility from consumption when sick, and (e) reduced life expectancy. 

These welfare calculations justify substantial public investment in health promotion and 

disease prevention, particularly targeting populations in their 30s and 40s when 

interventions can prevent decades of diminished welfare. 

In summary, the quantitative results demonstrate that health effects on economic 

outcomes are not marginal but transformational. Consumption gaps of 40-70% between 

healthy and sick individuals during working years, welfare losses approaching 80% at age 

30, and the crossing point at age 60 where half the population transitions to poor health 

constitute a public health and economic crisis that demands urgent policy attention. The 

vulnerability of individuals with poor health—with 12% hitting zero assets at age 60, 

consumption levels 40-60% below their healthy counterparts in prime working years, and 

income losses equivalent to 7.5 years of full salary over a career—indicates that current 

social safety nets may be insufficient to prevent widespread economic hardship as Mexico's 

population ages. The concentration of these effects at younger ages (peak welfare losses at 

30, largest consumption gaps at 25) underscores the urgency of early intervention and 

prevention strategies. 



5 Discussion 

The results of this research, based on a dynamic and stochastic overlapping-generations 

(OLG) model in partial equilibrium, highlight the central role of population health in shaping 

macroeconomic outcomes over the life cycle. Poor health conditions are shown to reduce 

labor productivity, depress income trajectories, and generate persistent consumption gaps. 

These effects materialize not only at older ages but significantly earlier in the life cycle, 

altering saving behavior, increasing indebtedness, and raising concerns about long-term fiscal 

and intergenerational sustainability. 

A key insight of the model is that health operates as a compounding mechanism. 

Through its effects on utility, survival probabilities, productivity, and out-of-pocket 

expenditures, poor health simultaneously weakens households’ earning capacity and 

increases their expenditure needs. As a result, individuals in poor health face lower lifetime 

consumption and asset accumulation, even when government transfers provide a minimum 

consumption floor. This mechanism generates a clear divergence in consumption paths 

between individuals in good and poor health, particularly pronounced among lower-skilled 

households. 

The Mexican case illustrates these dynamics with particular clarity. Unlike the 

reference model, in which income continues to rise until middle age, the simulations 

calibrated for Mexico show that income levels stagnate around age 30. This stagnation 

coincides with the age at which health-related expenditure needs begin to increase relative to 

income. Consequently, households start relying on borrowing or transfers much earlier in the 

life cycle to smooth consumption in the presence of health shocks. This early onset of 

financial stress contrasts sharply with standard life-cycle predictions, where health-related 

borrowing typically emerges closer to retirement age. 



These results are especially relevant given Mexico’s institutional and epidemiological 

context. The country combines persistently low public health expenditure with a high 

prevalence of chronic diseases—most notably diabetes—which disproportionately affect 

working-age adults. The model suggests that insufficient health investment today does not 

only translate into higher medical costs in old age but also undermines productivity and 

income generation during prime working years. This weakens households’ ability to self-

insure through savings and increases reliance on out-of-pocket spending and public transfers. 

From an intergenerational perspective, the findings point to an important trade-off. 

As health-related needs among adults and the elderly grow, greater fiscal resources may be 

required to prevent sharp declines in consumption and welfare. However, if these resources 

are mobilized without expanding overall fiscal space, they may crowd out investment in the 

health and human capital of younger cohorts. Such dynamics risk perpetuating a cycle in 

which poor health outcomes today reduce productivity and fiscal capacity tomorrow, thereby 

constraining future investment and growth. 

Overall, the analysis underscores that health should not be viewed solely as a sectoral 

expenditure item, but as a core determinant of macroeconomic stability and intergenerational 

equity. In contexts like Mexico, where demographic aging interacts with low public health 

spending and high out-of-pocket exposure, neglecting the macroeconomic role of health can 

amplify fiscal vulnerabilities and deepen inequality over the life cycle. Strengthening health 

investment and reducing households’ exposure to health-related financial risk emerge as 

central components of a sustainable long-term fiscal and development strategy. 



Beyond household-level dynamics, the results also speak directly to the interaction 

between fiscal sustainability and the demographic transition. Population aging alters the age 

composition of health expenditure toward older cohorts, while declining fertility limits the 

growth of the contribution base and future labor income. In such a context, health-related 

shocks that depress productivity and income at earlier ages amplify fiscal pressures through 

multiple channels: lower tax bases, higher demand for transfers, and rising health-related 

public and private expenditures. The model highlights that fiscal stress associated with aging 

is not confined to pension systems alone; rather, health conditions act as an additional —and 

often underestimated—driver of long-run fiscal imbalance. Ignoring the macroeconomic 

consequences of population health risks understates the true fiscal cost of demographic 

transition and may lead to policy responses that are insufficient or poorly timed. 

Finally, the analysis is closely connected to the empirical evidence presented in the 

Appendix, which documents the evolving burden of disease in Costa Rica, Mexico, and 

Panama using Global Burden of Disease (GBD) data. The dominance and persistence of 

chronic noncommunicable diseases—such as diabetes, cardiovascular disease, and chronic 

kidney disease—provide a concrete epidemiological foundation for the health shocks modeled 

in this paper. The Appendix illustrates that these conditions are not temporary phenomena but 

structural features of the region’s health profile, reinforcing the relevance of modeling health 

as a persistent state affecting productivity, survival, and expenditures over the life cycle. In 

this sense, the Appendix complements the core analysis by grounding the theoretical results in 

observed epidemiological trends and by motivating future extensions that explicitly integrate 

disease-specific dynamics, cross-country comparisons, and policy interventions into the 

modeling framework. 
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