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Motivation

• We study the long-run benefits of medical technology to treat 
pneumonia in infancy and early childhood

• We examine how these benefits vary by context – namely, 
institutional and societal constraints to opportunity

• Related literature
• Social value of medical innovation (Murphy and Topel 2006)

• Early life disease shocks (Almond, Currie and Duque 2018)

• Systemic discrimination (Darity 2022; Bohren et al 2025; McMillon 2025)



Pneumonia in early 20th century U.S.

• Acute inflammatory disease of the lung that is typically 
infectious in origin

• Leading cause of morbidity & mortality in 1930s U.S. (Britten 1942)

• 1 out of every 10 deaths 
• Spells could last up to a month
• Attack rates highest among infants and older adults

• Prior to antibiotics, treated with supportive care
• Serum therapy use was growing but not widespread (Podolsky 2006)



Sulfa drugs

• Arrived in 1937

• Widely available without prescription 
(Lesch 2007)

• Effective for pneumonia
• Detectable in population-wide 

pneumonia death rates – 17% decline 
(Jayachandran, Lleras-Muney, and Smith 2010)



Trends in pneumonia mortality



Cross-state convergence



Empirical strategy: long-run effects

• Basic idea: assess if sudden cross-state convergence in pneumonia 
mortality is mirrored in long-run outcomes for affected cohorts

• Follow 1930-1943 birth cohorts in successive U.S. censuses 
• 1980, 1990, 2000

• Focus on birth state-year exposures
• Birth state available in decennial census 
• Pneumonia morbidity and mortality were highest under age 1
• Use all-age pneumonia mortality given measurement concerns with infant 

pneumonia



Continuous DiD setup

• Control for:
• FEs for birth state, birth year, census division x cohort, census wave 

(by race and gender)

• Sulfa-treatable and non-treatable diseases (interacted with Post sulfa)

• State income, public health spending, education spending 
(interacted with Post sulfa)



Main results

Average causal response on the treated = Effect X 6.7 
→ Large, but plausible given significant morbidity from pneumonia 





Gradients by pharmacist access



Additional robustness

• Measurement error in pneumonia mortality

• Fewer controls

• Additional controls (New Deal Era spending, birth state 
specific trends)

• Removing Dust Bowl states and WWII cohorts

• Selective migration and fertility

• Investigate implicit strong parallel trends assumption in 
continuous DID models (Callaway et al 2025)



Heterogeneous effects

• White men: large positive effects on schooling, family income, 
disability

• White women: effects generally smaller in magnitude (except 
employment)

• Black men: large positive effects for family income (concentrated 
around median) and employment; larger standard errors

• Black women: negative estimates for schooling and employment



Why?

• Differential exposure to pneumonia at baseline

• Differential measurement error in exposure

• Differential access to sulfa drugs (Jayachandran, Lleras-Muney, Smith et al 
2010

• Barriers to women’s participation in the economy (Goldin 1991)



Access to sulfa drugs



Non-market outcomes for women



Empirical strategy: variation by context 

• Systemic discrimination and resulting barriers in education 
and labor markets → returns to health capital
• May explain race (x gender) patterns in estimates

• We assess how returns to sulfa vary by measures of systemic 
discrimination:



Measures of systemic discrimination

• Enslaved population share in 1960 (Nunn 2008; Acharya et al 2016, etc)

• Number of Jim Crow Laws (Althoff and Reichardt 2024)





Variation by context

• No similar gradients for white men and women

• Gradients cannot be explained by:

• Differential access to sulfa

• Selective migration or mortality



Summary

• Medical innovations to treat pneumonia yield significant long-
run benefits
• Modern relevance: pneumonia remains ”a neglected global threat” 

(Lancet Respiratory Medicine 2025)

• Long-run returns to a healthy start depend critically on 
institutional environments and opportunities afforded

• Results highlight another channel by which the legacies of 
systemic discrimination persist over time
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