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Abstr act

The fetal origins hypothesis posits that in-utero stireg®ases the incidence of chronic conditions later
in life. Utilizing 21 years of National Health IntervieSurvey data, this study estimates the health effect
of in-utero exposure to the 1918 Spanish Flu pandemic. Explditenfatt that people were exposed to
the flu at different points during fetal development, the mtests precise predictions from the medical
literature about when exposure to in utero insults shdamdage organs later in life. The pattern of
results demonstrates the necessity of using a short dueatnh as a source of variation in fetal
conditions and helps explain previously mixed evidence regardirfgtderigins hypothesis.
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Introduction

The differing incidence of chronic health conditions by indirgild with similar backgrounds,
lifestyles, and blood chemistry has caused medical piofeds and health economists to look beyond
these factors for other sources of these health probl&mstred by a compelling correlation between
birth weight and later life health, this search hasaasingly focused on fetal conditions. This literature
is often referred to as the “fetal origins hypothesisthe “Barker hypothesis.” According to these
theories, in-utero malnutrition or other complications cdbsdetus to shift blood and nutrients from
vital organs to the braih.This diversion is an attempt to protect the fetus ammtave the chances for
survival, but leaves certain organs preprogrammed farréaih later life—often after 50 years or more.

Controlled experiments using animal subjects provide the coagplete evidence to date of the
fetal origins hypothesis. The evidence for humans is decidedly less conclusive bdlkeof studies to
date are primarily cross-sectional in nature with nsbsiwing adults born with low birth weights having
higher rates of particular diseases and mortality. & basgdies, however, suffer from the problem that
low birth weights might signal other unmeasured charatiterithat predict higher adult mortality.
Absent random assignment, the best hope for testing thefgias hypothesis is through quasi-
experimental variation in fetal conditions. For examplenemists have separately used famines and the
1918 flu pandemic as an exogenous source of fetal stressouBressearch using famines, however, has
found only mixed evidence in support of the fetal origins hypsis. As shown in Almond and
Mazmunder (2005) and discussed in detail below, the shorat@imtense nature of the flu pandemic
creates a better design for estimating the long termhhieaiacts of fetal stress.

Often called the Spanish flu, the 1918 global flu pandemiakiltween 50 and 100 million
people in the course of a year. In the United Statedju struck hardest during the last quarter of 1918.
Its effects largely dissipated by the first months of 1909er this time period, the flu killed 675,000

people—more than AIDS has ever killed in the UnitedeStéBarry, 2004). Despite its virulence, 25

! For an excellent discussion of the fetal origins hypsitheee Barker (2001)
2 Nathanielsz (2006) provides a comprehensive overvietesktanimal studies.



million Americans contracted the flu and survived. Wormkchildbearing age and pregnant women
suffered some of the worst effects from the pandemic vppinaximately one third becoming infected
(Almond, 2006). While there was geographic variation in theasboéthe flu, within each region, the
virus struck without concern for race, income, or other secanomic factors.

The large number of pregnant survivors combined withahdam nature of the outbreak
provides a clear design for testing the fetal origins hyp@thusing the 1918 pandemic. Almond (2006)
exploited this fact to examine differences in educativaléeand disability rates for individuals exposed
to the flu pandemic in-utero. Almond and Mazmunder (2005) examsimetific medical conditions
using roughly 25,000 observations of adults from the 1915 to 1923 bMtnts from the Survey of
Income Program Participation (SIPP). The authors find eeslef an impact on a variety of health
outcomes such as stroke, diabetes incidence, self repoaitid $tatus, and trouble hearing, talking,
walking, and lifting, from in-utero exposure to the flu pandemi

This study uses the larger National Health Interview SufM&llS) dataset to expand upon these
earlier results. Specifically, this analysis uses 2tsyebrepeated cross-sections of the National Health
Interview Survey (NHIS) to examine the impact of the 1918 flldpamc on the incidence of coronary
heart disease, diabetes, and kidney disorders. Thesensdynple used in this work is approximately
384,000 observations or roughly 15 times the size of the sampléudknond and Mazmunder.

An advance of this work over previous efforts is an attemptst precise predictions from
animal studies and the medical literature about when exptsureitero insults should damage organs
later in life. Nathanielsz (2006) states “critical éimvindows exist during development when organs are
vulnerable to challenges such as decreased oxygenatioenhstrpply, and altered hormone exposure.
The period of vulnerability varies from organ to orggm”’74). Medical knowledge of the progress of
fetal organ development leads to relatively precise gtieds of the effect of differential timing in fetal
insults. As will be discussed in more detail below, theth@amarily develops early in gestation and
thus individuals affected by the flu in the early-to-middienths of pregnancy have a higher probability

of heart disease later in life. Similarly, the nutnitdelivery system is developed early in pregnancy



suggesting that individuals affected during the first montisegnancy would be more likely to develop
metabolic disorders later in life. At the other extrethe, kidneys primarily develop during the last
months of pregnancy. Individuals affected during thesarasths should be more likely to develop
kidney disorders later in life. This study finds statadty and qualitatively significant increases in
chronic conditions during the time periods predicted by the midderature.

This time connection provides quasi-experimental evidence of¢gisbanism underlying the
fetal origins hypothesis in humans and confirms thetiming of fetal stress is critically important i
predicting which organs are weakened. Furthermore, thegsg@nd consistent results show that an
identification strategy involving the 1918 flu (or another sharation event) is necessary to isolate in-
utero stress to particular months of development. Asudt,rése estimates in the analysis stand in

contrast to the previously mixed results from other ideatibn strategies.

Medical Basis of the Fetal Origins Hypothesis

The most complete evidence to date supporting the fetgahsriypothesis comes from
experiments with animals where researchers alter uteoimgitions by either depriving the mother of
nutrients or stopping nutritional transfer to the fetusugh uterine blood flow restriction (Ozanne et al.,
1996; Blondeau et al., 1999; Simmons et al., 2001). These liesgibave been imposed both
throughout the entire gestation and during particular peribidsutero development. They have also
been paired with differing post-natal nutrition level®ider to determine if a discrepancy between
conditions in these time periods is important (Ozanne aesiH1996). In total, these studies have shown
that periods of fetal stress in rats, sheep, and otlvaaéncause a weakening of the vital organs that
manifests itself in poor later life health.

Among humans, in the medical literature, poor in-utero ¢mmsi have been linked to a variety
of ailments ranging from coronary heart disease to caridegse studies, however, rarely utilize

exogenous variation in fetal conditions creating a conceam @imitted variable bias. Three of the more



frequently cited outcomes in the medical literature fetkl conditions to coronary heart disease,
diabetes, and kidney disorders (Barker, 2001).

Barker (1992) first noted the striking relationship betwesnbirth weights and heart disease
rates using a unique data set of births from Hertfordskingland. Subsequently, Barker (2003)
documented this same relationship among men in Helsinkiila®ifindings have been documented in
North America, India, and Europe (Leon et. al, 1998; Fiagtkal., 1996; Rich-Edwards et al., 1997; and
Eriksson, 2001). The biological mechanism thought to be theeodithis link is the diversion of blood
and nutrients to the brain and away from other vital orgdims diversion represents an evolutionary
response designed to protect the brain and increase thieddebthat the fetus will survive until and
immediately after birth. This process is also amaiteto condition the fetus for a lifetime of deprivation
following birth. Evidence of this phenomenon has been documengsdmal experiments (Barker and
Hanson, 2004). For example, the development of the heart nsibeleeved to be affected by fetal
stress. Unlike other organs, the heart does not begimasadure version of its fully developed shape.
Instead, it grows throughout the first half of pregnamoynfa mass of cells into its final complex form
(Thornburg, 2001). As a result, complications or insufficrerirition during the early-to-mid period of
embryonic development is critical for future heart healtloetthnd Hanson (2001) stated, “it appears that
the timing of the insult in gestation is all-importanith insults occurring earlier having greater effects
on cardiovascular development in the offspring” (p. 78). Madieory predicts an increased incidence
of coronary heart disease concentrated among, but ntedina, individuals born in the first and second
guarters of 1919. These individuals were exposed to the pandernmg their first and second
trimesters—the critical time period in terms of fetatelepment for future cardiac health.

A second group of conditions believed to arise from poorensututrition are metabolic
disorders such as insulin resistance and non-insulin depeatidbates mellitus (NIDDM) or Type Il
diabetes. Hales et al. (1997) states, “archival reardarly life anthropometry have shown that reduced
birth weight, weight at 1 year, and thinness at birtrstm@ngly associated with an increased susceptibility

to NIDDM and IGT (impaired glucose tolerance) in adfdt &nd to insulin resistance” (p. 191). Hales et



al. (1991) found that men who have the lowest birth weights s&ven times more likely to have
diabetes and/or insulin resistance than those who wevesbeat birth. Often described as the “thrifty
phenotype hypothesis,” this process is believed to be anptte condition the fetus for future periods
of poor nutrition. Upon receiving adequate nutrition latdifé the individual is thought to be more
likely to develop metabolic disorders (Hales and Barker, 198&¢ importance of the difference
between in-utero and after birth nutrition is demonstrayeithé relative lack of metabolic disorders in
African countries—where poor nutrition in-utero is followsdequally poor infant and lifetime
conditions (Stocker, et al., 2005)This observation has also been supported by animalieqres
where rats who were deprived of nutrients in-utero andgh@m generous diets after birth suffered
worse health outcomes than similar rats who had actesticalorie diet during life, though both had poor
health outcomes overall (Ozanne and Hales, 1999, 2004).

Studies examining the effect of under nutrition on laterrietabolic disorders have found that it
is specificallyearly exposure to poor nutrition that fundamentally changes thdiontdelivery system of
the fetus (Harding and Gluckman, 2001). These changes areduaklo be the source of later life
metabolic disorders. Based on this fact, individuals borimguhe second quarter of 1919, and therefore
exposed to the flu pandemic early in gestation, should haighar probability of reporting the presence
of diabetes.

In-utero malnutrition and other complications are ald@bed to decrease the size and, as a
result, the later life functioning of kidneys. Restrictiset animal studies have shown reduced neonatal
kidney weights. This small kidney size is believed tarteversible by adequate post-natal nutrition
(Thornburg, 2001). In humans, cross-sectional analysisié@onstrated a correlation between the
number of nephrons (the basic structural units of the kidmad/path weight. Brenner and Mackenzie
(1997) state “low birth weight in humans resulting from iategine growth retardation may be associated

with deficits in nephron numbers of up to 20%, even in &riflrt pregnancies” (p. 124). In turn, low

% The importance between this difference in nutrition astdsalely in-utero nutrition could have important
implications for optimal program design. Focusing gowent nutrition programs on the post-natal time period
without adequate in-utero nutrition could, perversely, ineréazg term health problems.



nephron numbers are associated with renal diseasénldite (Brenner and Chertow, 1993,1994).
Without measuring the number of nephrons, Lackland e2@D1() found a correlation between end stage
renal disease (ESRD) and low-birthweight. Similarlyriviaet al. (1996) found connections between
later life renal functions and fetal growth.

Knowledge of fetal development provides predictions regardiegiming of fetal stress and later
life renal disease. The kidneys experience dramatic grdwihg the last months of pregnancy (Martyn
and Greenwald, 2001). Studies show that “60% of the normalleorapt of nephrons are laid down
during the last trimester” (Lackland et al., 2001: 66). Theepfthe imposition of fetal stress during the
last months of pregnancy should result in kidney disoraeeger life. This would suggest a higher

probability of kidney problems in later life for individuals haturing the last quarter of 1918.

Exogenous Variation in Fetal Conditions

Efforts to document the fetal origins hypothesis in husrare plagued by an inability to separate
the cause of fetal stress from other factors that genpomr long-term health outcomes. This presence of
omitted variables bias casts doubt on the accuracy of pramjous estimates. Even when a source of
exogenous variation in fetal conditions can be identifiedattieof high quality data on both fetal
conditions and long-term health outcomes is often a substargidem. This lack of data limits many
estimates to outcomes at relatively young ages. For ézaBgnerjee et al. (2007) examines the long
term health effects of the phylloxera outbreak in Frandemg-term health outcomes. This outbreak
destroyed wine crops throughout the countryside depressing ecoommaitions for many families. The
authors are able to show that men born in wine producgign® were shorter upon entrance into the
army twenty years later. Due to the lack of long-teraithedata, however, the authors are unable to test
the hypothesis that certain organs (such as the heagtabolic system) are preprogrammed for failure
in later life.

One frequently utilized source of exogenous variatioetial tonditions is famines. Authors

have used the Dutch famine during World War 1l (Roseboaah,e2000; Roseboom et al., 2001; Ravelli



et al., 1997), the Chinese Famine (Meng and Qian, 2006}harlege of Leningrad (Stanner and
Yudkin, 2001) to investigate the long run health effects af &tess. The results of these studies have
provided mixed evidence regarding the importance of fetgins. Roseboom et al. (2000) found
differences in heart health and Ravelli et al. (1997) fonockased glucose resistance in later life for
babies born during the Dutch famine. This effect was mpiaeounced for individuals who later became
obese. Meng and Qian (2006) found that individuals born dtlie@hinese famine were shorter in later
life, but found no evidence of increased coronary heart dgisgagther traditional outcomes of the fetal
origins hypothesis. Similarly, Stanner and Yudkin (200nébno connection between later life
metabolic health and poor fetal conditions for individuals bannd the Siege of Leningrad.

Almond (2006) used the 1918 Spanish flu pandemic as a sourcelaftfess. Standard
influenza strains affect primarily the young, the oldj #ose with compromised immune systems. This
effect can be seen by the “U” shaped dotted line in Figuepresenting female deaths during the 1917
flu season. The 1918 flu, however, affected individuals ircadddly different manner. Barry (2004)
stated, “in 1918, the immune system of young adults mounéssive responses to the virus. That
immune response filled the lungs with fluid and debris, n@kiimpossible for the exchange of oxygen
to take place. The immune response killed [the youddhaalthy]” (p. 250). This excessive immune
response caused many of the deaths from the 1918 flu to occur goumggand relatively healthy
individuals. This effect can be seen by the “W” shapedecur Figure 1.

Pregnant women were particularly hurt by the pandemic.yB2@04) stated, “in thirteen studies
of hospitalized pregnant women during the 1918 pandemic, therd¢attanged from 23 percent to 71
percent. Of those who survived, 26 percent lost the cfpld?41). While the death rate was high for
pregnant women, many survived and carried the child to té&sra result, a large number of individuals
born during the last quarter of 1918 and the first two queadie1919 suffered from increased fetal stress.
It is reasonable to assume that this stress wasatenldlo any other observed or unobserved

characteristics of the mother.



Almond (2006) used this variation to examine the effect af &#tess on economic outcomes
such as educational attainment, wages, and disabilgy.razambuja (2004) estimated a connection
between the 1918 flu pandemic and later life heart disedseadthor, however, focused on individuals
that were adolescents and young adults, rather than thmseeve in-utero, during the peak of the flu
pandemic. Almond and Mazmunder (2005) used ten panels of thal&i&tfase from 1984-1996. In
total, their sample includes approximately 25,000 individuals between 1915 and 1923. The authors
estimated a linear probability model to determine the adfieloeing in-utero during the peak of the flu
pandemic on a variety of health outcomes. They foundtstatig significant effects at the quarter of
birth level for trouble hearing, trouble speaking , troubtentif trouble walking, diabetes, and stroke. A
larger group of health conditions including heart conditionskaghaky problems are significant in at least
one month of birth. These results were significantbait®.10 level. This analysis expands upon their
work using a dataset with a larger sample size. [alger dataset allows for more precise estimation of
the effect of the flu and explicitly connects the developmenhafnic conditions to particular time
periods of fetal stress. This connection aids in the unaeliagof the dynamics of the fetal origins
hypothesis.

An advantage of the flu pandemic over famines as an exogenoas sbfetal stress is the short-
term yet intense nature of the outbreak. As can beiséggure 2, 1918 represented a sixteen fold
increase in flu deaths. This is followed by a dramatatide in the following year. This is a shorter and
more intense “treatment” period than the Chinese famitieeoSiege of Leningrad, which carried on for
several years. Babies born during these longer events expdri®tbepoor in-utero conditions and
nutritional deprivation during infancy. Disentangling thedeat$ is difficult and limits the ability of
famines to stand as a test of the fetal origins hypistlassopposed to a test of the long term effects of
child health conditions. In contrast, the more discreteraaf the pandemic flu improves the chance of

isolating the long term impacts of this event from sectianges occurring at the same time.

Data



The data for this analysis is gathered from the 1982-2002 Nk#Srincipal source of health
statistics and information for the non-institutionalipsgbulation in the United States. While the survey
has been in existence since 1957, information on the montyeanaf birth of respondents has only been
collected since 1982.During the time period in this sample, the NHIS was subistlly redesigned. In
both designs of the survey (before and after 1996) individuaie asked about their health in regards to
coronary heart disease, poor health, diabetes, and kiotsmyieiiss. Data for kidney disorders, however,
are not comparable across the two survey designs andoiteeoely respondents from 1982-1996 are
used with respect to kidney disorders. An advantage K8 is that it contains detailed questions
about disease prevalence. A disadvantage, however, @lthaslth data are self-reported leaving open
the possibility of measurement erfoihis is particularly true for self-reported healtatas, which is
measured on a five point scale throughout the NHIS. Heoptirposes of this analysis, individuals are
classified as being in poor health status if they reponigoei fair or poor health—the bottom two
categories of the five point scale.

After pooling cross sections of the NHIS from 1982 to 2002, the wis@ns are grouped into
quarter of birth cohorts. Individuals born during the lasttguaf 1918 and the first two quarters of 1919
were affected by the flu in-utero. Based on this faclividuals in this dataset affected by the flu are
between 62 and 84 years of age. The overall sample fomtidigses is limited to individuals of similar

age to the cohort affected by the flu. Respondents youngesShamolder than 90 years of age are

* The lack of data prior to 1982 limits this analysiséhese individuals affected by the flu epidemic have already
turned 62. This could make it difficult to detect an effemtn the flu because many of those individuals affected
could have already passed away by this age. This issuatafitydor those exposed to the flu is discussed later i
the analysis.

® Prior to 1996 individuals are asked to identify the preseri chronic conditions. For the purposes of this
analysis, individual identifying themselves with ischeheart disease, hearth rhythm disorders, congenitel hea
disease, or other diseases of the heart (excluding hypierigare classified as having coronary heart disease.
Following 1996, individuals are asked individual questions aldmainic conditions and those saying they have
coronary heart disease are classified as such. Indisidoe asked in both survey designs about the presence o
diabetes. Prior to 1996, individuals are classified agmbd&dney disorders if they report have kidney infatsior
“other kidney trouble.” There is no comparable questidhe post-1996 redesign.

® To the extent that this measurement error is randamittia concern. However, it could be that there isssom
systematic measurement error (individuals with low ssmaomic status or education levels may be less aware of
their medical history), which would be a concern. Bakal.g2001) discusses the problems related to selftegor
health measures in general.
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eliminated from the sample, which leaves slightly fethan 384,000 observations ranging in year of
birth from 1891 to 1947. Table 1 provides descriptive statistichimisample compared to similarly
aged individuals in the 1980-2000 United States Census five penggn samples. In total, individuals

in the NHIS are more likely to be female, Black, Hisipaand a high school graduate. They are slightly

less likely to be a married.

Estimation Strategy

Many individuals born during the last quarter of 1918 and tketiiro quarters of 1919
experienced higher levels of fetal stress. If the fatigins hypothesis is correct, these individuals should
have increased rates of chronic health conditions inlilgecompared to individuals born in surrounding
time periods.

While the identification strategy in this analysis isitamto that used in Almond (2006), there
are several differences in the NHIS data that nee¢ssittering his basic specification. Almond utilized
the 5 percent Public Use Micro Samples (PUMS) of the UiStates Census. This is a single cross
section and therefore all individuals exposed to the fut@no are the same age and were interviewed
during the same time period. In the NHIS data usekdisrainalysis, there are multiple cross sections
containing information on individuals interviewed as masiyveenty years apart. As is discussed in more
detail below, this model must carefully control for age kintth cohort effects.

All dependent variables are defined as the presence of clu@mditions and are thus binary. In
the presence of a binary dependent variable, the linear plibbatmdel can produce inaccurate
estimates, especially when incidence rates are loviégsare in this instancé)To avoid this problem |

estimated a logit model of the following form:

" For a more detailed discussion of the failure oflithear probability model in this situation see Woolridg602),
Chapter 15 and Johnston and Dinardo (1997), Chapter 13.
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Pr(Y, =1) = F(a + )X, + ¢AGE, + 8,QOB, + 3,QOB, * AGE, +
B,REGION, + 3,MOB, + B,FLU,),

1)

where Yis equal to 1 if an individual reports having coronary hésgase, diabetes, a kidney disorder or
poor health status respectively, and 0 otherwisis & vector of demographic control variables
accounting for race, sex, and martial stafA(SE is a cubic age term; QOB is the quarter of birth cohort
(e.g., first quarter of 1917, second quarter of 1917, @EGION controls for region of residence fixed
effects;MOB controls for month of birth fixed effects. The explemg variable of interest is FLU—a
dummy variable indicating whether the individual was affebiethe flu pandemic in utefoF is the
logistic function.In this analysis | allow for an arbitrary variance-cagaace matrix accounting for within
group correlation in the errors based on the year of fintiéy year cohoft.

It is important to also allow the coefficients on theicudge term to also vary based on birth
cohort. Consider the case of 55 year old respondents to ti& NRH#spondents of this age to the 1982
NHIS were born in 1927 while those in the 2002 NHIS were bo®47. There are a multitude of
factors affecting health that differ between these twith lmiohorts even for individuals of the same age.
This specification allows for cohort-specific age effdzsed on an interaction term between the quarter

of birth cohort and age in quarters. This effect$® @ahcluded as a cubic polynomial.

& Throughout this analyis, in-utero flu exposure will be definemany levels of specificity.
° Kloeck (1981) provides a measure of the bias in standamg én the presence of within group correlation in the
errors. In the case where all regressors are fixtgivgroup and all groups have the same sizehe true

variance-covariance matrixds” (X' X) [1+ (m—1) p] —wherep is the amount of within group correlation.

Even in the case of groups of differing sizes, [1 + (p}-4@rves as an approximate measure of the bias caused by
within group correlation (Bertrand 1990). This bias ferection of both the size of the groups and the amount of
correlation within the groups.

In most cases, researchers are concerned with posithia group correlation leading to a downward bias
in the OLS standard errors. This dataset of repeated sections and negative health outcomes, howevegiesent
a high level of negative within group correlation. Atdiea portion of this negative correlation is a meatedmiesult
of the construction of the dataset. Groups with a higghafchronic conditions in early survey years should
experience higher mortality rates and as a resulplkar healthier in later survey years. The mecharecative
correlation is magnified in this case by large group sizhs-average size of a year of birth cohort in the data i
approximately 9,500. Groups of this size mean that egema#l amount of negative correlation will lead to @éar
bias in the estimated standard errors.

In order to avoid this mechanical negative correlatigrshll account for correlation within year of birth
cohorts, | allow for correlation between year otfbiand year of survey cohorts. This results in 736 “dlaste
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One concern for this analysis is that the relativesratdeart disease between men and women
are strikingly different. Figure 3 contains incidence rafdseart disease in the sample by sex and age.
The chart shows that men have higher rates of heaasdisand perhaps more importantly for this
analysis, their rate of heart disease at younger agesases faster. Since the data available for this
analysis does not contain individuals exposed to the flag@uthan 62 years of age, it may be difficult
to detect an effect for males, many of whom may havelibéate they enter the sample. Due to this fact,
it will be important to estimate the effects for nerd women separately. Significant effect for men and
not women during certain time periods could provide suggestadence of this downward bias. The
rates of other conditions do not drastically differ by ipethe age range analyzed in this paper and
therefore results by sex are not reporfe@he mean rate of kidney disorders in the sample is 0.59
percent for men and 0.69 for women. For diabetes, the aetet.76 percent for men and 4.62 percent for
women.

There are several important identifying assumptions tieat@cessary for this model to
accurately estimate the long term effect of in-utero exygo the flu. The first is that the long-term
incidence of these conditions is trending smoothly over timepxor the in-utero exposure to the 1918
flu pandemic. Second, | assume that the long term he&dittebf the flu pandemic are felt solely by
those exposed to the pandemic in-utero. A specific conceerishihat individuals born in time periods
in close proximity to the flu pandemic, but not exposed tdlthie-utero, should be no more likely to
develop these chronic conditions later in life. | am unawaexplanations in the literature detailing a
medical connection between being exposed to the flu during tyeyears of life and the specific
conditions of coronary heart disease, diabetes, or kidnesdeis. It is possible, however, that there are
non-medical responses to the flu that could result in leng-health consequences. For example, some
school-age individuals contracted influenza and survived.r Elokiness may have caused them to
acquire less total education in their lifetime. Thera documented connection between education levels

and mortality (Lleras-Muney, 2005; Elo and Preston, 1996 gKite and Hauser, 1973; Grossman and

1% These results do not provide qualitatively different onrtes.
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Kaestner, 1997). As a result, the flu could affect birth ashather than those in-utero during the
pandemic by decreasing lifetime education. It is n@trcleowever, if this effect would result in specific
medical conditions considered in this study or simply anéased mortality. Furthermore, the potential
loss of education from the flu would likely be very smiathiting its ability to drastically affect long term
health. In order to test a potential long term hedfdrcefrom exposure to the flu pandemic at a young
age, | will estimate a specification of equation (1) idatg a dummy variable indicating being between
the ages of one and five during the flu pandemic.

The final assumption is that subsequent flu seasons dslbstantially affect the in-utero
conditions of immediately surrounding birth cohorts. Figure 2 shiogvsharp increase in deaths in 1919
compared to surrounding years. In addition, as discussed yshyithe 1918 flu affected the young and
healthy to a greater degree than more standard flantari To the test this assumption, | will examine the

effect of being born in birth cohorts immediately surrounduge affected by the pandemic.

Health Outcome Results

Table 2 reports logit estimates of equation (1). Tle fow contains results for a model
identifying exposure to the 1918 pandemic as being born in thi fguarter of 1918, the first quarter of
1919, or the second quarter of 1919. This is a relatively breadure of flu exposure that cannot
precisely define the timing of the increased fetal str@$ss makes it difficult to detect the effects of
specific chronic conditions. Column (1) contains the re$oitequation (1) with coronary heart disease
as the dependent variable for both sexes. Column (6)ieemeports for individuals reporting poor
health status. These are the only results that argtisdly significant at any level using this broad
measure of the flu. The medical literature on the impogtan the timing of in-utero stress combined
with the lack of a response from a broad measure of no-fiteexposure points to the importance of
having a short-term and intense identification of timefetal stress. As can be seen below, defining flu

exposure using a more precise time period is a superiorsneé@stimating disease specific conditions.
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Defining in-utero flu exposure based on quarter of birth retonmr® precise estimates of the
effect of fetal stress on developing certain chronic ¢mrdi. Rows (2)-(4) contain estimates for
coefficients on dummy variables identifying individuals biorthe fourth quarter of 1918, the first
quarter of 1919, or the second quarter of 1919. The estimgtasentheses are standard errors and those
in brackets are odds ratios, which due to the relatieghyincidence of the dependent variable can be
interpreted as an approximate risk ratio.

As can be see in columns (1)-(3) in-utero exposure to thed®@i®mic increases the probability
of developing coronary heart disease in later life. tR@rentire sample, being born in the first quarter of
1919 is associated with an approximately 11.8 percent incirefse probability of developing coronary
heart disease. This result is statistically significat the 10 percent level. For men, being born in the
first quarter of 1919 increases the probability of developingrary heart disease by 19.3 percent. This
result is statistically significant at the 5 percent leFer women there is an increased probability of 14.7
percent for those born during the second quarter of 1919.r8%hift is also statistically significant at the
0.05 level. A specification of equation (1) containing dumiamyables identifying individuals born in the
second and third quarters of 1918 and the third and fourthegsi@ft1919 contained no positive
statistically significant results for these cohdtta. specification of equation (1) containing a dummy
variable for being aged one to five during the 1918 pandemicbdtorsexes the estimated coefficient
(standard error) on this dummy variable was -0.01 (0fé2)nen the result was 0.007 (0.03), and for
women the result was -0.03 (0.03). These results suggesixiiosure to the flu pandemic during the
early years of life, as opposed to in-utero exposure, mataesult in a higher probability of developing
coronary heart disease.

Assuming a normal gestation length, individuals born initseduarter of 1919 were exposed to
the flu during anywhere from the fifth to ninth months in-ateFetal stress during this period has a

detrimental effect on later life coronary health. Fomen, this effect occurs during the second quarter

" There is a statistically significant, but negativaitegor men born during the third quarter of 1918.
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of 1919. These results are consistent with the medicdicpimns that fetal stress in the mid-to-early
stages of pregnancy has a negative effect on cardiéih.hea

Table (3) contains results for equation (1) where flu expasutefined at the month of birth
level. For both sexes, a statistically significanuteis found for individuals born in December, 1918.
For men, there are statistically significant resudtsiecember, 1918 and January, 1919. For women,
there are statistically significant results for Decemii918, May, 1919 and June 1919. As will be
discussed later, the stark difference between men antewborn during June, 1919 may provide
evidence of attrition in the sample creating a downwardtbitfse results.

Column (4) contains the results for equation (1) wittbetes as the outcome of interest. In-utero
exposure to the 1918 pandemic increases the probability of repdiéibetes in later life. Specifically,
being born in the second quarter of 1919 increases the probabiigveloping diabetes by 23 percent.
This result is significant at the 0.05 level. No stat#ty significant effect is found for individuals born
in surrounding birth cohorts or for individuals affected byftheuring the earliest years of life. A
specification of equation (1) containing a dummy variable atdig individuals between the ages of 1
and 5 during the flu pandemic returns a statistically inBagmit estimated coefficient (standard error) of
-0.02 (0.03). The month results in Table (3) show a positivestatidtically significant result for
individuals born during April and May, 1919.

Individuals experiencing fetal stress very early in pregn&iaeg a higher probability of
reporting diabetes. The timing of this effect couldrbeltling for public health policymakers as it is
more difficult for nutrition and other public health prograanmmed at new mothers to effect in-utero
conditions during the earliest months of pregnancy. Thissuggest a need for general public health
programs aimed at women of child-bearing age regardfas®ir current pregnancy status.

Column (5) contains estimates for equation (1) with kidtisgrders as the dependent variable.
In-utero exposure to the flu pandemic increases the probaifiligporting a kidney disorder later in life.
Individuals born during the fourth quarter of 1918 face a 8tatity significant 51 percent increase in the

probability of having a kidney disorder. No statisticallynsiicant effect is found for individuals born in
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surrounding birth cohorts. Individuals between the ages ofrahé&we during the pandemic also appear
to not have a higher probability of developing kidney disordersilatée. The estimate coefficient
(standard error) on a dummy variable indicating being betwesse ages during the pandemic is -0.08
(0.08). The results in Table (3) show a statistically sigaift result for individuals born during October
and November, 1918. These results suggest that increasestriesalduring the last months of a
pregnancy affects later life kidney health. This is cgirsi with the biological fact that the majority of
kidney development occurs during the last trimester.

The results for equation (1) with self-reported pooithestatus as the dependent variable are
contained in column (6). As would be expected based arshéts for the chronic conditions listed
above, fetal stress caused by the flu pandemic increaspotiability of reporting poor health status.
Individuals born during the first and second quarters of 191Mare likely to report being in poor
health. This should not be surprising based on the previaussre=garding heart conditions and
diabetes. The overall incidence of poor health status irathple is much greater than any of the specific
chronic conditions discussed above. This is likely a resufteoddvanced age of the sample. Reporting
poor health status is more likely for older individuals. hie $ample of NHIS respondents from 1982-
2002 of all ages, only 15 percent of individuals younger thad@geport being in poor health compared
to 39 of individuals age 60 or higher. Due to this high incidexigoor health, it is not appropriate to

interpret the odds ratio as a risk ratio.

Attrition in the Sample

An overriding concern for this analysis is that mortadiiyn cause a downward bias in the
estimated effect of a treatment expected to causgatine health outcome. This bias results from many
individuals with chronic conditions dying before they were survayéater life—raising the average
health of the remaining cohort. This “survivor bias” causidts surveyed by the NHIS in later life to

appear healthier on average as a result of their in-Uteexposure.
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As a test for the presence of this survivor bias, | ieased equation (1) with coronary heart
disease as the outcome of interest using three sub-saohplifiering ages. If attrition were affecting the
results, the estimated coefficients should decreasesatiiese samples, with the lower probabilities
resulting from mortality increasing the average health ofr@d®ups. Figure 4 displays the estimated
logit coefficients and 95 percent confidence intervals fdesnaorn during the first quarter of 1919.
There is a clear downward trend in the logit estimatessadhe three samples. | conducted similar
analyses for kidney disease and diabetes but because stdmglard errors generated by low incidence
rates (or smaller samples in the case of men), th@senw clear pattern in the dafa.

A sensible interpretation of this pattern of decreasstgnates for older individuals is attrition
among the cohorts exposed to the flu. Older individuals havereaded probability of reporting chronic
health conditions because each year individuals with thesaictwonditions perish. Culling these
unhealthy individuals from the group increases the average hedit imaining cohort. As a result of
the advanced age of this sample, many of the results abavid sleoviewed as lower bound estimates of
the health effects of fetal stress related to the fluleamc.

Further support for the presence of attrition in the sanggiebe found in the divergent results by
sex with respect to coronary heart disease for indivicduais during June, 1919. The result for men is
large and negative with a p-value slightly above 0.10. For wpthe result is positive and statistically
significant at the 0.05 level. The counterintuitive restilnen being “healthier” if exposed to the flu
pandemic during the early months of pregnancy, combined athégative health outcome for women
with similarly timed births, could be a result of ditn. This attrition would be caused by the higher rate
of death by cardiovascular disease for men causing th@esafimen to be culled of sick individuals and

therefore be, on average, healthier.

Effect on Education

12 The sample size issue for men results from theliatthe percentage of women at each age increases thubugh
the sample. This is to be expected due to the longefectancy for women.
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A primary finding of Almond (2006) was a decrease in both yebtstal education and the
likelihood of graduating high school for individuals born in 1919.ufgg 5a and 5b show the average
highest grade completed and the percentage graduating highl stthe sample by year of birth.
Similar to the graphical evidence in Almond, it appeaas tiere may be some effect for those born
during 1919. Before and after this year there is a dgarard trend in education outcomes. Examining
educational attainment by quarter of birth, the poteefialct of the flu is less clear due to a number of
other factors correlated with quarter of birth thdéetfeducation levelS.

Similar to equation (1), pooling data across many crog®as®f the NHIS can potentially mix
age and cohort effects across samples. To controhf@tion across cohorts and age in the NHIS, |

estimated that following OLS model:

EDUCATION, =a + B,X, + 3,AGE, + 8,QOB + 3,QOB, * AGE, +
B,REGION, + ZMOB, + B,FLU; +¢,

WhereEDUCATION is a variable for highest grade level completed. The @eificients are the same
as equation (1). | also estimated a logit model wile@endent variable equal to 1 if an individual was a
high school graduate.

Table 3 reports the estimates from equation (2). Cduitin- (3) contain the OLS estimates for
all NHIS respondents, men, and women with the highest gadpleted as the dependent variable. Row
(1) contains results for flu exposure defined as being borithier éhe fourth quarter of 1918 or the first
or second quarters of 1919. There are no statisticallyfisamti results on highest grade completed for
flu exposure defined in this manner. Row (4) contains reiultse effect on highest grade completed
for individuals born during the second quarter of 1919. Thexesiatistically significant decrease of

-0.137 for these individuals. This result is similar in magle to those reported in Aimond (2006).

13 To some extent this fact should be expected since prewimikshas demonstrated a strong quarter of birth effect
on education (Angrist and Krueger, 1991). This increasesighal-to-noise ratio making it more difficult to
visually detect an effect from the flu pandemic based ortejuaf birth.
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Columns (4) — (6) contains logit estimates for equationvf®re the dependent variable is a
binary variable indicating the individual being a high school gaéel There are statistically significant
decreases in the probability of graduating from high schod@lfeespondents and for women who were
affected by the flu during some period of gestation. Kample, the odds-ratio for women born during
either the fourth quarter of 1918 or the first or second qualrtE919 is 0.936. The underlying rate of
graduating from high school for women in this sample betweeages of 62 and 84 is 60 percent—
making it inappropriate to interpret the odds-ratio adadive risk ratio.

These results provide a weaker case for the effect diutloe education than those in Almond
(2006). This is likely a result of the NHIS being a less ayppate dataset for estimating the effect of the
flu pandemic on educational outcomes. Compared to the PadMf@ls used by Alimond, the NHIS
sample in this case is much smaller and the respondentsgineeral older. Due to these factors, it

should be unsurprising that the estimates related taédo@re less precise.

Conclusion

The results of this analysis suggest that in-utero expdsuthe 1918 flu pandemic had long
lasting negative health consequences. Depending on tloe péfetal development during which
exposure occurred, individuals have a higher probability of dewvejaoronary heart disease, diabetes,
kidney disorders, or being in poor health. There is limi#@dence from this analysis that exposure to
the flu in-utero also affects education levels.

The strong relationship between in-utero stress duringingyériods of fetal development and
specific conditions in later life shows that the duratibthe event used for quasi-experimental variation
in fetal conditions is critical to analyses involving specifiseases. When flu exposure was defined over
several quarters of birth, it is not possible to pinpdirss to particular periods of fetal development. As
a result, many of the individuals who received the “treathwdifetal stress should not be expected to
develop particular conditions. For example, the nutrition dsfisgstem of the fetus is almost fully

developed by the last trimester. Individuals experienfgtaj stress during this time period should not be
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expected to have a higher probability of developing diabetiedar life. Grouping all individuals into
one large category (including both “treated” and “untid®aitedividuals with respect to certain
conditions) limits the ability of the analysis to detect affgct from fetal stress on particular diseases.
Unsurprisingly, when flu exposure was defined at its brodelest and diabetes is the dependent
outcome of interest there was no statistically signifiedfect. When flu exposure is defined using
particular quarters of birth, however, there is an appraeiyn@3 percent increase in the probability of
developing diabetes for individuals exposed to the flu duringrtenionths of pregnancy.

The short duration of the 1918 pandemic allows researchettsitboi@ flu exposure to these
particular time periods of development. Identificatioategies using long-lasting events such as the
Chinese famine or the Siege of Leningrad, on the other, baadhampered by their inability to determine
particular time periods of fetal stress. The long donadif these events is at least one reason that
previous attempts to document disease specific outcomesfetdherigins hypothesis have been more
mixed than these results.

While the long term health impact of the flu pandemic isregting, the insight gained by this
analysis can be beneficial in understanding a number ofrtenajuestions regarding the effects of poor
in-utero conditions from other sources. Generalizing thdtsesf this analysis to all cases of fetal stress
raises a question of external validity. There is biologiwaence, however, that the effect of in-utero flu
exposure is similar to other complications. Irving e{2000) found that in-utero exposure to influenza
resulted in a higher rate of complications in pregnandys provides a connection between the fetal
origins hypothesis and the 1918 pandemic. Taken together, thelstiidies, cross sectional analysis of
humans, and the results of this analysis suggest thatmahhealth during pregnancy is an important
contributor to the long-term health of their offspring.

The long term health effects of fetal stress and matimut can generate significant societal

costs. The management of chronic conditions makes up @asntg share of expenditures in the

21



Medicare progrant In particular, heart disease and diabetes are prioustydrivers. For example, 42
percent of the top quartile of Medicare patients in tesfrgpending have coronary heart disease.
Additionally, 32 percent of these high cost patients sufenfdiabetes (Congressional Budget Office,
2005). A RAND study states, “chronic illnesses such ag Hessase, cancer, and diabetes are expensive
to treat. As a consequence, the relatively small ptimpoof Medicare beneficiaries with such diseases
account for a disproportionate share of Medicare spendipgrhaps as much as three-quarters of the
total” (RAND, 2005)™ To the degree that in-utero stress increases thieiree of these conditions it
also generates higher Medicare spending.

Beyond simply the impact on medical spending, the presergfeafic conditions leads to a
lower quality of life, work effort, and productivity. Ithond (2006) found that in-utero exposure to the flu
led to a 20 percent increase in disability and a 5-9 pedsemease in wages. These results are similar to
previous estimates of the effect of chronic conditions anihh&atus on labor supply. Bartel and
Taubman (1979) found statistically and economically signifidanteases in labor force participation
and earnings for individuals with a variety of chronic abads including heart disease. Mitchell (1990)
states, “[p]oor health is associated with reduced holwgork, lower wage rates, early retirement and
disability transfer programs” (p. 928). These lower wovielle and earnings add another dimension to
the social cost of chronic conditions and the importandellgfunderstanding their origins.

While these health benefits must be discounted due toabt&ival so long after birth, it is clear
that they represent a valuable and previously ignored benhéfiproved fetal conditions. Several
federal, state, and private programs attempt to improse&sado prenatal care—particularly for
underserved populations. For example, Medicaid now providestareage services. In addition, the
Women, Infants, and Children (WIC) program is explicitliended to improve nutrition for pregnant

women. There is often debate about the net efficacy of jezseatal programs. Evaluations of their

4 Due to their age, early all individuals affected by thetiiat are considered in this study qualify for Medicare
benefits.

15 While the higher likelihood of an early death for individuaith these chronic conditions does limit their effect
on total Medicare costs, RAND still estimates tr@boary heart disease and diabetes increase liféfiatkcare
spending by anywhere from $14,000 to $17,000.
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benefit, however, fail to consider the potential long termthdsdnefits (Evans and Lien, 2005; Wayne et
al., 1998; Currie and Gruber, 1996; Devaney et al., 1992). thstesse programs are traditionally
judged based on immediate infant health concerns suchtlasdght, 28 day readmission rates, and
infant mortality. The results for this study showttleeng term health benefits should also be a factor in

these evaluations. This will provide a more accuratesassent for long term health policy development.
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Table 1
Descriptive Statistics
Adults aged 55 to 90, 1982 to 2002 NHIS and 1980 to 2000 Census

NHIS 1980-2000 PUMS
% Female 56.93 56.3
% Black 11.07 8.1
% Hispanic 6.15 4.3
% High School Graduate 63.1 62.8
% College Graduate 15.84 13.6
% Married 60.1 62.8

Source: Public Use Micro Samples and NHIS

Table 2
Logit Estimates of Health Outcomes, Adults aged 55 to 90, 193@G2 NHIS

Parameter estimates (standard errors) [Odds ratios]

Kidney
Heart Disease Diabetes Disease Poor Health
€] 2) 3 4) 5) (6)
Total Men Women Total Total Total
n=383.785 n=165,308 n=218,477 n= 383,785 n=383,785 n=383,785
Quarter mean dep. var. = mean dep. var. = mean dep. var. = mean dep. var. = mean dep. var. mean dep. var. =
of Birth 0.1074 0.1243 0.0946 0.0671 = 0.0058 0.2649
0.065* 0.064 0.065 0.045 0.153 0.079***
Flu (0.038) (0.053) (0.048) (0.061) (0.129) (0.022)

1 Seasoh [1.067] [1.066] [1.067] [1.046] [1.165] [1.082]
Fourth 0.054 0.093 0.011 -0.06 0.41** 0.066
Quarter (0.046) (0.078) (0.065) (0.076) (0.196) (0.043)

2 ,1918 [1.055] [1.097] [1.011] [0.942] [1.51] [1.061]
First 0.112* 0.177** 0.051 -0.027 -0.11 0.078**
Quarter (0.066) (0.087) (0.076) (0.098) (0.24) (0.028)

3 ,1919 [1.118] [1.193] [1.052] [0.973] [0.896] [1.081]
Second 0.028 -0.083 0.137* 0.21* 0.139 0.091**
Quarter (0.061) (0.091) (0.068) (0.1) (0.252) (0.035)

4 ,1919 [1.028] [0.92] [1.147] [1.23] [1.15] [1.095]

Other covariates include controls for age, quarter ti liend, race, ethnicity, marital status, month of batd
region. Standard errors are clustered on year ofyagh of survey cohorts to allow for within group cornelat

! Flu season is defined as being born in the fourth quarted1d, the first quarter of 1919, or the second quarter of
19109.

*  Significant at .10 level

** Significant at .05 level

*** Significant at .001 level
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Table 3

Logit Estimates of Health Outcomes, Adults aged 55 to 90, 193242 NHIS

Parameter estimates (standard errors) [Odds ratios]

Heart Disease Diabetes Kidney Disease Poor Healtt
1) (2) (©) (4) (5) (6)
Total Men Women Total Total Total
n=383.785 n=165,308 n=218,477 n= 383,785 n=383,785 n=383,785
Quarter of mean dep. var. =mean dep. var. =mean dep. var. =mean dep. var. =mean dep. var. =mean dep. var. =
Birth 0.1074 0.1243 0.0946 0.0671 0.0058 0.2649
-0.104 0.009 -0.217* -0.041 0.525* -0.167
October, (-.74) (0.124) (0.107) (0.111) (0.311) (0.069)
(1) 1918 [0.9] [1.009] [0.8] [0.96] [1.69] [0.846]
-0.009 0.027 -0.05 -0.097 0.631** -0.031
November, (0.09) (0.163) (0.127) (0.143) (0.258) (0.078)
(2) 1918 [0.991] [1.027] [0.951] [0.91) [1.88] [0.97]
0.249** 0.224** 0.261* -0.044 -0.116 0.235***
December, (0.1) (0.11) (0.142) (0.104) (0.449) (0.073)
(3) 1918 [1.28] [1.25] [1.3] [0.96] [0.89] [1.26]
0.143 0.284** -0.143 -0.101 0.467 0.142**
January, (0.1) (0.109) (0.133) (0.166) (0.29) (0.068)
(4) 1919 [1.15] [1.33] [0.867] [0.9] [1.6] [1.15]
0.074 0.114 0.052 0.145 -0.634 0.012*
February, (0.11) (0.11) (0.151) (0.14) (0.524) (0.069)
(5) 1919 [1.077] [1.12] [1.053] [1.16] [0.53] [1.012]
0.116 0.123 0.11 -0.122 -0.485 -0.014
March, (0.112) (0.141) (0.128) (0.139) (0.433) (0.056)
(6) 1919 [1.13] [1.13] [1.12] [0.89] [0.616] [0.986]
-0.286 -0.04 -0.018 0.259* 0.333 0.127**
April, (0.114) (0.129) (0.162) (0.133) (0.345) (0.056)
(7) 1919 [0.751] [1.041] [0.982] [1.3] [1.4] [1.14]
0.083 0.006 0.165* 0.219** 0.167 0.094
May, (0.9 (0.141) (0.095) (0.098) (0.39) (0.08)
(8) 1919 [1.087] [1.006] [1.18] [1.24] [1.18] [1.099]
0.029 -0.249 0.252** 0.145 -0.111 0.05
June, (0.01) (0.155) (0.125) (0.159) (0.486) (0.079)
(9) 1919 [1.03] [0.78] [1.29] [1.16] [0.895] [1.05]

Other covariates include controls for age, quarter i liend, race, ethnicity, marital status, month of batid

region. Standard errors are clustered on year ofyagh of survey cohorts to allow for within group cornelat

*

*%*

Significant at .10 level

Significant at .05 level

*** Significant at .001 level
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Table 4
Estimates for Educational Attainment, Adults aged 55 {d982 to 2002 NHIS

Parameter estimates (standard errors) [Odds ratios]

1) (2) 3) (4) ©) (6)
Highest Highest Highest
Grade Grade Grade High School High School High School
Completed Completed Completed Graduate Graduate Graduate
OLS OLS OLS Logit Logit Logit
Coefficient ~ Coefficient Coefficient Coefficient Coefficient Coefficient
Total Men Only ~ Women Only  Men Only Men Only ~ Women Only

n=383,785 n=165,308 n=218,477 n=383.785 n=165,308 n=218,477
Mean Dep.  Mean Dep. Mean dep. Mean dep. Mean dep. Mean dep.
Var=11.82 Var=11.56 Var.=11.67 Var=0.6301 Var =0.6286 var.=0.6312

-0.045% -0.019 -0.066*
Flu -0.076 -0.074 -0.071 (0.02) (0.035) (0.025)
(1) Seasoh  (0.05) (0.07) (0.071) [0.956] [0.981] [0.936]
Fourth -0.01 0.014 -0.025 -0.034 0.000 -0.059
Quarter,  (0.08) (0.11) (0.1) (0.036) (0.06) (0.05)
(2) 1918 [0.967] [1.00] [0.943]
First -0.081 -0.088 -0.063 -0.042 -0.012 -0.064
Quarter,  (0.097) (0.013) (0.117) (0.043) (0.067) (0.042)
(3) 1919 [0.96] [0.988] [0.938]
Second  -0.137* -0.146 -0.128 -0.06 -0.043 -0.076
Quarter,  (0.072) (0.103) (0.115) (0.039) (0.058) (0.046)
(4) 1919 [0.942] [0.958] [0.927]

Other covariates include controls for age, quarter dif lxiend, race, ethnicity, marital status, month of birth
and region. Standard errors are clustered on yeartbfylgiar of survey cohorts to allow for within group
correlation. Odds ratios are in brackets.

! Flu season is defined as being born in the fourth quarted1d, the first quarter of 1919, or the second
guarter of 1919.

*  Significant at .10 level

** Significant at .05 level

*** Significant at .001 level
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Deaths per 100,000

Figure 1 — Deaths from Influenza by Age
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Deaths Per 100,000

350

Figure 2 — Influenza Deaths by Year

300 -

250 A

200 -

150 -

100 -

50 -

.

—

——

lle—

—

1910

1911

1912

1913

1914

1915

Year

1916

1917 1918 1919

Source: Vital Statistics of the United States

1920

32



Figure 3: Coronary Heart Disease Rates, by Age
Adults, Aged 55 to 90, 1982 to 2002 NHIS
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0.5

Figure 4 — Estimated Effect of In-Utero Flu Exposure oro@ary Heart Disease by Age,
Men Born During the ‘°1Quarter 1919, 1982 to 2002 NHIS
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Figure 5a — Highest Grade Completed by Year of Birth
Adults, Aged 55-90, 1982-2002 NHIS
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0.7

Figure 5b — Percent Graduating High School by Year of Birth
Adults, Aged 55-90, 1982-2002 NHIS
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