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Abstract

Atwood (2022b) reports a positive effect of the 1963 measles vaccine on long-run economic

outcomes. The identifying variation is from pre-vaccine average reported measles incidence,

but this plausibly represents reporting capacity or initial health levels, rather than actual

disease incidence. I extend the sample and use an event study to test for differential

trends, and find trends that are inconsistent with a treatment effect of the vaccine.
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1 Introduction

Atwood (2022b,a) studies the long-term economic effects of the measles vaccine. Using

US data and a difference-in-differences strategy, Atwood finds that the national rollout of

the vaccine in 1963 increased earnings and employment for adults by preventing measles

during childhood. The identification strategy interacts cross-sectional variation in pre-

vaccine average reported measles incidence with time-series variation in the availability of

the vaccine during childhood.

However, it is not clear how to interpret the geographic variation in pre-vaccine measles

incidence, which is calculated as a state-level average over 1952-1963. Atwood notes that

measles is a universal disease, with 95% of the population contracting the virus by age

16.1 While states could differ in short-run measles incidence, due to staggered timing of

the epidemic cycle, this variation would be averaged out over 12 years.2 Hence, differences

in reported incidence reflect differences in reporting rates, since actual long-run incidence

is the same across states. Variation in reporting rates could be explained by differences in

reporting capacity or differences in the impact of the disease. States could vary in their

capacity to report cases of contagious diseases, if better health infrastructure enables the

detection of a larger fraction of cases. Similarly, measles cases would be more severe in

states with worse initial health, and more severe cases are more likely to be reported.

Atwood does not discuss reporting capacity or disease severity as sources of geographic

variation in reported measles incidence,3 and instead attributes differences in measles

incidence to under-18 population density. But the R2 from a cross-sectional regression of

average reported measles incidence on under-18 population density is only 0.05 (Table A1,

Atwood (2022b)). Atwood claims that “states with higher prevaccine measles incidence

benefited more from the introduction of the vaccine than states with lower levels of

prevaccine measles incidence” (p.49). This claim is plausible if states with worse initial

health have high reported incidence due to having more severe cases, and the vaccine has

larger benefits for individuals with poor health.4 In contrast, if differences in reported

incidence reflect reporting capacity, while actual disease incidence is the same, then it is

1Chuard et al. (2022) builds an epidemiological model based on the assumption that the ever-infected rate

is roughly 100% in the pre-vaccine era.
2Differences in measles incidence could also be explained by differences in age structure, since younger

children are more likely to be susceptible. But Atwood calculates the measles rate as the number of cases per

100,000 under-18 population, which controls for differences in age structure across states.
3Footnote 13 mentions that underreporting was common, and that state fixed effects control for time-invariant

differences in reporting across states. But this does not address the treatment variation itself being driven by

differences in reporting.
4Chuard et al. (2022) estimates the effect of the measles vaccine using pre-vaccine measles mortality as the

cross-sectional treatment variable. They find long-run effects similar to those in Atwood (2022b), and conclude

that reported incidence is a proxy for disease severity.
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not clear why states with higher reported incidence would benefit more from the vaccine.5

Since the identifying variation is ambiguous, we should be worried that differences

between high- and low-measles states are capturing trends unrelated to the measles

vaccine. In this comment, I replicate the main results using an expanded sample, and

test for differential trends using an event study. The regression results are similar, but

the event study shows post-vaccine trends that are inconsistent with a treatment effect of

the vaccine.

2 Regression results

Atwood defines the treatment window (exposure to the vaccine) to be 16 years long,

since measles incidence after age 16 is negligible. The treatment dose, vaccine exposure,

is 0 for cohorts born in 1948 and earlier, increases by 1 per year until 1964, and is 16

for cohorts born afterwards.6 To test for trends before and after the vaccine, we want

symmetric windows for 1932-1948 and 1964-1980. But Atwood uses 2000-2017 American

Community Survey data on individuals aged 25-60, meaning the earliest cohort is 1940.

To include cohorts from 1932-1939, I extend the sample using census data from 1960-1990

(Ruggles et al., 2023).

Atwood’s Table 2 estimates the long-run effects of childhood exposure to the measles

vaccine on adult economic outcomes, using a difference-in-differences strategy with a

continuous treatment variable. I replicate these results using the extended sample. The

regression specification is

yisct = βMeasless × Exposurec + αt + γc + θXisct + εisct, (1)

where yisct is the outcome (income, poverty, employment, or hours worked) for individual

i with state-of-birth s in birthyear c, observed in survey year t. Measless is the state-

level average measles rate over 1952-19627, and Exposurec is the number of years that the

vaccine is available to a cohort. Controls include fixed effects for survey year, birthyear,

the interaction of age, Black, and female, and the interaction of state-of-birth, Black, and

female.8

5Using reported incidence seems more appropriate for diseases like malaria and hookworm, which have

geographic variation in climatic suitability for the parasites that cause disease (Roodman, 2018b,a; Bleakley,

2007, 2010). There is no corresponding source of geographic variation for measles.
6Atwood defines vaccine exposure so that the 1963 cohort has 15 years of access. However, the vaccine is

administered at one year of age, so babies born in 1963 would have vaccine access for all 16 years.
7Atwood calculates this average over 1952-1963. Since the vaccine was introduced in 1963, I omit this year

to avoid post-treatment bias. I also correct a few transcription errors in the population data.
8Atwood clusters the standard errors at the birthyear by state-of-birth level. This is a restrictive assumption

that does not allow the errors to be correlated between cohorts from the same state. As reported in Table A3 of

Atwood (2022b), the standard errors are at least three times larger when clustering by state-of-birth, and the
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Table 1: Reanalysis of Table 2, Atwood (2022b)

(1) (2) (3) (4) (5) (6)
Income Income (>0) Log income Poverty Employed Hours worked

Panel A: Main results
Measles × Exposure 9940.8∗∗∗ 9778.5∗∗∗ 0.0712∗∗∗ 0.0643∗∗∗ 0.0211∗∗∗ 0.675∗∗∗

(685.1) (925.7) (0.0164) (0.00732) (0.00207) (0.232)
Observations 30965014 23077406 23077406 30486325 23998034 26087697
R2 0.123 0.131 0.143 0.046 0.012 0.113
Panel B: Division × birthyear fixed effects
Measles × Exposure 10298.3∗∗∗ 8580.1∗∗∗ 0.193∗∗∗ -0.0288∗∗∗ 0.0232∗∗∗ 1.215∗∗∗

(516.9) (620.4) (0.0142) (0.00423) (0.00205) (0.225)
Observations 30965014 23077406 23077406 30486325 23998034 26087697
R2 0.123 0.131 0.144 0.049 0.012 0.114
Panel C: Exposure × 1960 characteristics
Measles × Exposure 7286.2∗∗∗ 6003.7∗∗∗ 0.205∗∗∗ -0.0493∗∗∗ 0.0260∗∗∗ 1.204∗∗∗

(548.0) (613.4) (0.0136) (0.00332) (0.00189) (0.226)
Observations 30965014 23077406 23077406 30486325 23998034 26087697
R2 0.123 0.132 0.144 0.050 0.012 0.114

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: Data from 1960-1990 censuses and 2000-2017 ACS. The sample is restricted to native-born whites
and Blacks aged 25-60. Measles is the average measles rate over 1952-1962. Exposure is the number of
years that the vaccine is available to a cohort. Fixed effects: survey year, birthyear, age×Black×female,
and state-of-birth×Black×female; note that the interaction terms contain all component terms. Panel A
replicates the main results in Table 2 from Atwood (2022b). Panel B adds census division × birthyear
fixed effects, following Table 4 (Panel B). Panel C includes division × birthyear fixed effects, and interacts
Exposure with 1960 state averages of log family income, education, and employment. State-level averages
are matched to individuals by state-of-birth. Income is in 2018 dollars. Standard errors are clustered by
birthyear × state-of-birth.
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My results are in Table 1. Panel A reproduces Table 2 using the extended sample. The

results are similar to the original, except that the effects on poverty and hours worked

are now positive instead of negative. In Panel B, I add fixed effects for census division

by birthyear, to capture different trends across regions, following Table 4, Panel B in

Atwood (2022b). Now the effect on poverty has the expected negative sign, indicating

that division-birthyear fixed effects are needed to control for trends when using the longer

panel. The effect on hours worked is positive, matching Atwood’s Table 4. In Panel C,

I additionally control for 1960 state-level averages of log family income, education, and

employment interacted with vaccine exposure, following Bleakley (2007).9 The results

are similar, showing that reported measles incidence captures variation separate from

pre-vaccine state characteristics, conditional on the fixed effects.

3 Event study

To test for differential trends in the original results, I run an event study interacting pre-

vaccine average reported measles incidence with birthyear indicators.10 The regression

specification is

yisct =

1980∑
j=1932,j ̸=1948

βjMeasless × 1{c = j}+ αt + γc + θXisct + εisct. (2)

I restrict the sample to 1932-1980, to include symmetric pre- and post-periods matching

the 16-year treatment window. If the results in Table 1 are driven by the measles vaccine,

we should observe the following: no trend in the event study coefficients before 1948, as

all cohorts have equal access to the vaccine (that is, none); a trend in the coefficients from

1948-1964, as cohorts are increasingly exposed to the vaccine; and no trend for 1964-1980,

when all cohorts again have equal access to the vaccine (that is, full access). In other

words, the treatment effect should mirror the treatment dose.

The event study results are plotted in Figure 1. There is no evidence of trends in

the coefficients before 1948. Moreover, the coefficients start to change in 1949, consistent

with a treatment effect from the vaccine. However, for five of six outcomes, the coefficients

income results are no longer statistically significant. Note that Bleakley (2007, 2010) clusters by state-of-birth.

9Table 4, Panel C in Atwood (2022b) performs a weaker test, controlling for the state-level average of the

dependent variable (adult economic outcomes) for pre-vaccine cohorts interacted with an indicator variable for

pre-vaccine cohort.
10In Figures 3 and 4, Atwood runs an event study at the state-year level to test for the effect of the vaccine

on contemporary disease incidence. Atwood frames this event study as testing for pretrends, but note that the

absence of pretrends in reported disease incidence does not imply the absence of pretrends in long-run economic

outcomes.
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continue to change after the vaccine was introduced in 1963. For example, in Panel (c),

the coefficients for log income follow a rough positive trend from 1948 to 1980. This is

inconsistent with a treatment effect of the vaccine, since there is no change in vaccine

exposure between successive cohorts after 1963. That is, while the 1965 cohort benefits

more from the vaccine than the 1955 cohort (because it is more likely that the former

obtains immunity from the vaccine and avoids the health costs of measles), there is no

such difference between the 1975 and 1965 cohorts.11 Hence, the evidence in Atwood

(2022b) appears to reflect differential trends across states, rather than the effect of the

measles vaccine.12

4 Conclusion

I reanalyze Atwood (2022b) by extending the dataset and using an event study to test for

differential trends. The identifying variation is from pre-vaccine average reported measles

incidence, but for a contagious disease like measles, it is more plausible that this variation

represents differences in reporting capacity or initial health levels than differences in actual

disease incidence. The event study results for long-run economic outcomes show trends

that are inconsistent with an effect of the vaccine.

11Barteska et al. (2023) notes that vaccine takeup was low until the 1967-68 immunization campaign. On this

view, vaccine exposure continues to increase until the 1968 cohort, so the trend in the event study coefficients

should stop in 1968 (and should ramp up more slowly starting in 1948). However, the event study coefficients

continue to change after 1968.
12Chuard et al. (2022) finds similar results to Atwood (2022b) using measles mortality instead of incidence.

Since they do not run an event study, it is possible that their results are also driven by trends.
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Figure 1: Cohort event study

(a) Income (b) Income (nonzero)

(c) Log income (d) Poverty

(e) Employed (f) Hours worked

Note: Event study coefficients from Equation 2. Data from 1960-1990 censuses and 2000-2017 ACS. The
sample is restricted to native-born whites and Blacks aged 25-60, and birthyears 1932-1980. Birthyear 1948 is
omitted. The red dashed lines indicate the 1949-1964 cohorts with increasing exposure to the vaccine. Measles
is the state-level average measles rate over 1952-1962. Fixed effects: survey year, age×Black×female, state-of-
birth×Black×female, and division × birthyear; note that the interaction terms contain all component terms.
Income is in 2018 dollars. Standard errors are clustered by birthyear × state-of-birth.
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