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Abstract
The fetal origins hypothesis posits that in-utero stress increases the incidence of chronic conditions later
in life. Utilizing 21 years of National Health Interview Survey data, this study estimates the health effect
of in-utero exposure to the 1918 Spanish Flu pandemic. Exploiting the fact that people were exposed to
the flu at different points during fetal development, the model tests precise predictions from the medical
literature about when exposure to in utero insults should damage organs later in life. The pattern of
results demonstrates the necessity of using a short duration event as a source of variation in fetal
conditions and helps explain previously mixed evidence regarding the fetal origins hypothesis.
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Introduction
The differing incidence of chronic health conditions by individuals with similar backgrounds,
lifestyles, and blood chemistry has caused medical professionals and health economists to look beyond
these factors for other sources of these health problems. Spurred by a compelling correlation between
birth weight and later life health, this search has increasingly focused on fetal conditions. This literature
is often referred to as the “fetal origins hypothesis” or the “Barker hypothesis.” According to these
theories, in-utero malnutrition or other complications cause the fetus to shift blood and nutrients from
vital organs to the brain. 1 This diversion is an attempt to protect the fetus and improve the chances for
survival, but leaves certain organs preprogrammed for failure in later life—often after 50 years or more.
Controlled experiments using animal subjects provide the most complete evidence to date of the
fetal origins hypothesis.2 The evidence for humans is decidedly less conclusive. The bulk of studies to
date are primarily cross-sectional in nature with most showing adults born with low birth weights having
higher rates of particular diseases and mortality. These studies, however, suffer from the problem that
low birth weights might signal other unmeasured characteristics that predict higher adult mortality.
Absent random assignment, the best hope for testing the fetal origins hypothesis is through quasiexperimental variation in fetal conditions. For example, economists have separately used famines and the
1918 flu pandemic as an exogenous source of fetal stress. Previous research using famines, however, has
found only mixed evidence in support of the fetal origins hypothesis. As shown in Almond and
Mazmunder (2005) and discussed in detail below, the short term and intense nature of the flu pandemic
creates a better design for estimating the long term health impacts of fetal stress.
Often called the Spanish flu, the 1918 global flu pandemic killed between 50 and 100 million
people in the course of a year. In the United States, the flu struck hardest during the last quarter of 1918.
Its effects largely dissipated by the first months of 1919. Over this time period, the flu killed 675,000
people—more than AIDS has ever killed in the United States (Barry, 2004). Despite its virulence, 25
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For an excellent discussion of the fetal origins hypothesis, see Barker (2001)
Nathanielsz (2006) provides a comprehensive overview of these animal studies.

2

million Americans contracted the flu and survived. Women of childbearing age and pregnant women
suffered some of the worst effects from the pandemic with approximately one third becoming infected
(Almond, 2006). While there was geographic variation in the spread of the flu, within each region, the
virus struck without concern for race, income, or other socio-economic factors.
The large number of pregnant survivors combined with the random nature of the outbreak
provides a clear design for testing the fetal origins hypothesis using the 1918 pandemic. Almond (2006)
exploited this fact to examine differences in education levels and disability rates for individuals exposed
to the flu pandemic in-utero. Almond and Mazmunder (2005) examined specific medical conditions
using roughly 25,000 observations of adults from the 1915 to 1923 birth cohorts from the Survey of
Income Program Participation (SIPP). The authors find evidence of an impact on a variety of health
outcomes such as stroke, diabetes incidence, self reported health status, and trouble hearing, talking,
walking, and lifting, from in-utero exposure to the flu pandemic.
This study uses the larger National Health Interview Survey (NHIS) dataset to expand upon these
earlier results. Specifically, this analysis uses 21 years of repeated cross-sections of the National Health
Interview Survey (NHIS) to examine the impact of the 1918 flu pandemic on the incidence of coronary
heart disease, diabetes, and kidney disorders. The analysis sample used in this work is approximately
384,000 observations or roughly 15 times the size of the sample used in Almond and Mazmunder.
An advance of this work over previous efforts is an attempt to test precise predictions from
animal studies and the medical literature about when exposure to in utero insults should damage organs
later in life. Nathanielsz (2006) states “critical time windows exist during development when organs are
vulnerable to challenges such as decreased oxygenation, nutrient supply, and altered hormone exposure.
The period of vulnerability varies from organ to organ” (p. 74). Medical knowledge of the progress of
fetal organ development leads to relatively precise predictions of the effect of differential timing in fetal
insults. As will be discussed in more detail below, the heart primarily develops early in gestation and
thus individuals affected by the flu in the early-to-middle months of pregnancy have a higher probability
of heart disease later in life. Similarly, the nutrition delivery system is developed early in pregnancy
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suggesting that individuals affected during the first months of pregnancy would be more likely to develop
metabolic disorders later in life. At the other extreme, the kidneys primarily develop during the last
months of pregnancy. Individuals affected during these last months should be more likely to develop
kidney disorders later in life. This study finds statistically and qualitatively significant increases in
chronic conditions during the time periods predicted by the medical literature.
This time connection provides quasi-experimental evidence of the mechanism underlying the
fetal origins hypothesis in humans and confirms that the timing of fetal stress is critically important in
predicting which organs are weakened. Furthermore, these strong and consistent results show that an
identification strategy involving the 1918 flu (or another short duration event) is necessary to isolate inutero stress to particular months of development. As a result, the estimates in the analysis stand in
contrast to the previously mixed results from other identification strategies.
.
Medical Basis of the Fetal Origins Hypothesis
The most complete evidence to date supporting the fetal origins hypothesis comes from
experiments with animals where researchers alter uterine conditions by either depriving the mother of
nutrients or stopping nutritional transfer to the fetus through uterine blood flow restriction (Ozanne et al.,
1996; Blondeau et al., 1999; Simmons et al., 2001). These restrictions have been imposed both
throughout the entire gestation and during particular periods of in-utero development. They have also
been paired with differing post-natal nutrition levels in order to determine if a discrepancy between
conditions in these time periods is important (Ozanne and Hales, 1996). In total, these studies have shown
that periods of fetal stress in rats, sheep, and other animals cause a weakening of the vital organs that
manifests itself in poor later life health.
Among humans, in the medical literature, poor in-utero conditions have been linked to a variety
of ailments ranging from coronary heart disease to cancer. These studies, however, rarely utilize
exogenous variation in fetal conditions creating a concern of an omitted variable bias. Three of the more
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frequently cited outcomes in the medical literature link fetal conditions to coronary heart disease,
diabetes, and kidney disorders (Barker, 2001).
Barker (1992) first noted the striking relationship between low birth weights and heart disease
rates using a unique data set of births from Hertfordshire, England. Subsequently, Barker (2003)
documented this same relationship among men in Helsinki. Similar findings have been documented in
North America, India, and Europe (Leon et. al, 1998; Frankel et al., 1996; Rich-Edwards et al., 1997; and
Eriksson, 2001). The biological mechanism thought to be the source of this link is the diversion of blood
and nutrients to the brain and away from other vital organs. This diversion represents an evolutionary
response designed to protect the brain and increase the likelihood that the fetus will survive until and
immediately after birth. This process is also an attempt to condition the fetus for a lifetime of deprivation
following birth. Evidence of this phenomenon has been documented in animal experiments (Barker and
Hanson, 2004). For example, the development of the heart muscle is believed to be affected by fetal
stress. Unlike other organs, the heart does not begin as a miniature version of its fully developed shape.
Instead, it grows throughout the first half of pregnancy from a mass of cells into its final complex form
(Thornburg, 2001). As a result, complications or insufficient nutrition during the early-to-mid period of
embryonic development is critical for future heart health. Hoet and Hanson (2001) stated, “it appears that
the timing of the insult in gestation is all-important, with insults occurring earlier having greater effects
on cardiovascular development in the offspring” (p. 78). Medical theory predicts an increased incidence
of coronary heart disease concentrated among, but not limited to, individuals born in the first and second
quarters of 1919. These individuals were exposed to the pandemic during their first and second
trimesters—the critical time period in terms of fetal development for future cardiac health.
A second group of conditions believed to arise from poor in-utero nutrition are metabolic
disorders such as insulin resistance and non-insulin dependent diabetes mellitus (NIDDM) or Type II
diabetes. Hales et al. (1997) states, “archival records of early life anthropometry have shown that reduced
birth weight, weight at 1 year, and thinness at birth are strongly associated with an increased susceptibility
to NIDDM and IGT (impaired glucose tolerance) in adult life and to insulin resistance” (p. 191). Hales et
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al. (1991) found that men who have the lowest birth weights were seven times more likely to have
diabetes and/or insulin resistance than those who were heaviest at birth. Often described as the “thrifty
phenotype hypothesis,” this process is believed to be an attempt to condition the fetus for future periods
of poor nutrition. Upon receiving adequate nutrition later in life, the individual is thought to be more
likely to develop metabolic disorders (Hales and Barker, 1992). The importance of the difference
between in-utero and after birth nutrition is demonstrated by the relative lack of metabolic disorders in
African countries—where poor nutrition in-utero is followed by equally poor infant and lifetime
conditions (Stocker, et al., 2005).3 This observation has also been supported by animal experiments
where rats who were deprived of nutrients in-utero and then given generous diets after birth suffered
worse health outcomes than similar rats who had a restricted calorie diet during life, though both had poor
health outcomes overall (Ozanne and Hales, 1999, 2004).
Studies examining the effect of under nutrition on later life metabolic disorders have found that it
is specifically early exposure to poor nutrition that fundamentally changes the nutrition delivery system of
the fetus (Harding and Gluckman, 2001). These changes are believed to be the source of later life
metabolic disorders. Based on this fact, individuals born during the second quarter of 1919, and therefore
exposed to the flu pandemic early in gestation, should have a higher probability of reporting the presence
of diabetes.
In-utero malnutrition and other complications are also believed to decrease the size and, as a
result, the later life functioning of kidneys. Restricted diet animal studies have shown reduced neonatal
kidney weights. This small kidney size is believed to be irreversible by adequate post-natal nutrition
(Thornburg, 2001). In humans, cross-sectional analysis has demonstrated a correlation between the
number of nephrons (the basic structural units of the kidney) and birth weight. Brenner and Mackenzie
(1997) state “low birth weight in humans resulting from intrauterine growth retardation may be associated
with deficits in nephron numbers of up to 20%, even in full-term pregnancies” (p. 124). In turn, low
3

The importance between this difference in nutrition and not solely in-utero nutrition could have important
implications for optimal program design. Focusing government nutrition programs on the post-natal time period
without adequate in-utero nutrition could, perversely, increase long term health problems.
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nephron numbers are associated with renal disease later in life (Brenner and Chertow, 1993,1994).
Without measuring the number of nephrons, Lackland et al. (2001) found a correlation between end stage
renal disease (ESRD) and low-birthweight. Similarly, Martyn et al. (1996) found connections between
later life renal functions and fetal growth.
Knowledge of fetal development provides predictions regarding the timing of fetal stress and later
life renal disease. The kidneys experience dramatic growth during the last months of pregnancy (Martyn
and Greenwald, 2001). Studies show that “60% of the normal complement of nephrons are laid down
during the last trimester” (Lackland et al., 2001: 66). Therefore, the imposition of fetal stress during the
last months of pregnancy should result in kidney disorders in later life. This would suggest a higher
probability of kidney problems in later life for individuals born during the last quarter of 1918.

Exogenous Variation in Fetal Conditions
Efforts to document the fetal origins hypothesis in humans are plagued by an inability to separate
the cause of fetal stress from other factors that generate poor long-term health outcomes. This presence of
omitted variables bias casts doubt on the accuracy of many previous estimates. Even when a source of
exogenous variation in fetal conditions can be identified, the lack of high quality data on both fetal
conditions and long-term health outcomes is often a substantial problem. This lack of data limits many
estimates to outcomes at relatively young ages. For example, Banerjee et al. (2007) examines the long
term health effects of the phylloxera outbreak in France on long-term health outcomes. This outbreak
destroyed wine crops throughout the countryside depressing economic conditions for many families. The
authors are able to show that men born in wine producing regions were shorter upon entrance into the
army twenty years later. Due to the lack of long-term health data, however, the authors are unable to test
the hypothesis that certain organs (such as the heart or metabolic system) are preprogrammed for failure
in later life.
One frequently utilized source of exogenous variation in fetal conditions is famines. Authors
have used the Dutch famine during World War II (Roseboom et al., 2000; Roseboom et al., 2001; Ravelli
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et al., 1997), the Chinese Famine (Meng and Qian, 2006), and the Siege of Leningrad (Stanner and
Yudkin, 2001) to investigate the long run health effects of fetal stress. The results of these studies have
provided mixed evidence regarding the importance of fetal origins. Roseboom et al. (2000) found
differences in heart health and Ravelli et al. (1997) found increased glucose resistance in later life for
babies born during the Dutch famine. This effect was more pronounced for individuals who later became
obese. Meng and Qian (2006) found that individuals born during the Chinese famine were shorter in later
life, but found no evidence of increased coronary heart disease or other traditional outcomes of the fetal
origins hypothesis. Similarly, Stanner and Yudkin (2001) found no connection between later life
metabolic health and poor fetal conditions for individuals born during the Siege of Leningrad.
Almond (2006) used the 1918 Spanish flu pandemic as a source of fetal stress. Standard
influenza strains affect primarily the young, the old, and those with compromised immune systems. This
effect can be seen by the “U” shaped dotted line in Figure 1 representing female deaths during the 1917
flu season. The 1918 flu, however, affected individuals in a decidedly different manner. Barry (2004)
stated, “in 1918, the immune system of young adults mounted massive responses to the virus. That
immune response filled the lungs with fluid and debris, making it impossible for the exchange of oxygen
to take place. The immune response killed [the young and healthy]” (p. 250). This excessive immune
response caused many of the deaths from the 1918 flu to occur among young and relatively healthy
individuals. This effect can be seen by the “W” shaped curve in Figure 1.
Pregnant women were particularly hurt by the pandemic. Barry (2004) stated, “in thirteen studies
of hospitalized pregnant women during the 1918 pandemic, the death rate ranged from 23 percent to 71
percent. Of those who survived, 26 percent lost the child” (p. 241). While the death rate was high for
pregnant women, many survived and carried the child to term. As a result, a large number of individuals
born during the last quarter of 1918 and the first two quarters of 1919 suffered from increased fetal stress.
It is reasonable to assume that this stress was unrelated to any other observed or unobserved
characteristics of the mother.
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Almond (2006) used this variation to examine the effect of fetal stress on economic outcomes
such as educational attainment, wages, and disability rates. Azambuja (2004) estimated a connection
between the 1918 flu pandemic and later life heart disease. The author, however, focused on individuals
that were adolescents and young adults, rather than those who were in-utero, during the peak of the flu
pandemic. Almond and Mazmunder (2005) used ten panels of the SIPP database from 1984-1996. In
total, their sample includes approximately 25,000 individuals born between 1915 and 1923. The authors
estimated a linear probability model to determine the affect of being in-utero during the peak of the flu
pandemic on a variety of health outcomes. They found statistically significant effects at the quarter of
birth level for trouble hearing, trouble speaking , trouble lifting, trouble walking, diabetes, and stroke. A
larger group of health conditions including heart conditions and kidney problems are significant in at least
one month of birth. These results were significant at that 0.10 level. This analysis expands upon their
work using a dataset with a larger sample size. This larger dataset allows for more precise estimation of
the effect of the flu and explicitly connects the development of chronic conditions to particular time
periods of fetal stress. This connection aids in the understanding of the dynamics of the fetal origins
hypothesis.
An advantage of the flu pandemic over famines as an exogenous source of fetal stress is the shortterm yet intense nature of the outbreak. As can be seen in Figure 2, 1918 represented a sixteen fold
increase in flu deaths. This is followed by a dramatic decline in the following year. This is a shorter and
more intense “treatment” period than the Chinese famine or the Siege of Leningrad, which carried on for
several years. Babies born during these longer events experienced both poor in-utero conditions and
nutritional deprivation during infancy. Disentangling these effects is difficult and limits the ability of
famines to stand as a test of the fetal origins hypothesis as opposed to a test of the long term effects of
child health conditions. In contrast, the more discrete nature of the pandemic flu improves the chance of
isolating the long term impacts of this event from secular changes occurring at the same time.

Data
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The data for this analysis is gathered from the 1982-2002 NHIS, the principal source of health
statistics and information for the non-institutionalized population in the United States. While the survey
has been in existence since 1957, information on the month and year of birth of respondents has only been
collected since 1982.4 During the time period in this sample, the NHIS was substantially redesigned. In
both designs of the survey (before and after 1996) individuals were asked about their health in regards to
coronary heart disease, poor health, diabetes, and kidney disorders.5 Data for kidney disorders, however,
are not comparable across the two survey designs and therefore only respondents from 1982-1996 are
used with respect to kidney disorders. An advantage of the NHIS is that it contains detailed questions
about disease prevalence. A disadvantage, however, is that all health data are self-reported leaving open
the possibility of measurement error.6 This is particularly true for self-reported health status, which is
measured on a five point scale throughout the NHIS. For the purposes of this analysis, individuals are
classified as being in poor health status if they report being in 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 observations are grouped into
quarter of birth cohorts. Individuals born during the last quarter of 1918 and the first two quarters of 1919
were affected by the flu in-utero. Based on this fact, individuals in this dataset affected by the flu are
between 62 and 84 years of age. The overall sample for this analysis is limited to individuals of similar
age to the cohort affected by the flu. Respondents younger than 55 or older than 90 years of age are
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The lack of data prior to 1982 limits this analysis because individuals affected by the flu epidemic have already
turned 62. This could make it difficult to detect an effect from the flu because many of those individuals affected
could have already passed away by this age. This issue of mortality for those exposed to the flu is discussed later in
the analysis.
5
Prior to 1996 individuals are asked to identify the presence of chronic conditions. For the purposes of this
analysis, individual identifying themselves with ischemic heart disease, hearth rhythm disorders, congenital heart
disease, or other diseases of the heart (excluding hypertension) are classified as having coronary heart disease.
Following 1996, individuals are asked individual questions about chronic conditions and those saying they have
coronary heart disease are classified as such. Individuals are asked in both survey designs about the presence of
diabetes. Prior to 1996, individuals are classified as having kidney disorders if they report have kidney infections or
“other kidney trouble.” There is no comparable question in the post-1996 redesign.
6
To the extent that this measurement error is random it is not a concern. However, it could be that there is some
systematic measurement error (individuals with low socioeconomic status or education levels may be less aware of
their medical history), which would be a concern. Baker et al. (2001) discusses the problems related to self-reported
health measures in general.
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eliminated from the sample, which leaves slightly fewer than 384,000 observations ranging in year of
birth from 1891 to 1947. Table 1 provides descriptive statistics for this sample compared to similarly
aged individuals in the 1980-2000 United States Census five percent micro samples. In total, individuals
in the NHIS are more likely to be female, Black, Hispanic, and 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 the first two quarters of 1919
experienced higher levels of fetal stress. If the fetal origins hypothesis is correct, these individuals should
have increased rates of chronic health conditions in later life compared to individuals born in surrounding
time periods.
While the identification strategy in this analysis is similar to that used in Almond (2006), there
are several differences in the NHIS data that necessitate altering his basic specification. Almond utilized
the 5 percent Public Use Micro Samples (PUMS) of the United States Census. This is a single cross
section and therefore all individuals exposed to the flu in-utero are the same age and were interviewed
during the same time period. In the NHIS data used in this analysis, there are multiple cross sections
containing information on individuals interviewed as many as twenty years apart. As is discussed in more
detail below, this model must carefully control for age and birth cohort effects.
All dependent variables are defined as the presence of chronic conditions and are thus binary. In
the presence of a binary dependent variable, the linear probability model can produce inaccurate
estimates, especially when incidence rates are low (as they are in this instance). 7 To avoid this problem I
estimated a logit model of the following form:
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Pr(Yi = 1) = F (α + γX i + φAGEi + β 1QOBi + β 2 QOBi * AGEi +

β 3 REGION i + β 4 MOBi + β 5 FLU i ),

(1)

where Yi is equal to 1 if an individual reports having coronary heart disease, diabetes, a kidney disorder or
poor health status respectively, and 0 otherwise; Xi is a vector of demographic control variables
accounting for race, sex, and martial status; AGE is a cubic age term; QOB is the quarter of birth cohort
(e.g., first quarter of 1917, second quarter of 1917, etc.); REGION controls for region of residence fixed
effects; MOB controls for month of birth fixed effects. The explanatory variable of interest is FLU—a
dummy variable indicating whether the individual was affected by the flu pandemic in utero.8 F is the
logistic function. In this analysis I allow for an arbitrary variance-covariance matrix accounting for within
group correlation in the errors based on the year of birth/survey year cohort.9
It is important to also allow the coefficients on the cubic age term to also vary based on birth
cohort. Consider the case of 55 year old respondents to the NHIS. Respondents of this age to the 1982
NHIS were born in 1927 while those in the 2002 NHIS were born in 1947. There are a multitude of
factors affecting health that differ between these two birth cohorts even for individuals of the same age.
This specification allows for cohort-specific age effects based on an interaction term between the quarter
of birth cohort and age in quarters. This effect is also included as a cubic polynomial.
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Throughout this analyis, in-utero flu exposure will be defined at many levels of specificity.
Kloeck (1981) provides a measure of the bias in standard errors in the presence of within group correlation in the
errors. In the case where all regressors are fixed within group and all groups have the same size, m, the true
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variance-covariance matrix is σ ( X ' X ) [1 + ( m − 1) ρ ] —where ρ is the amount of within group correlation.
Even in the case of groups of differing sizes, [1 + (m-1)ρ] serves as an approximate measure of the bias caused by
within group correlation (Bertrand 1990). This bias is a function of both the size of the groups and the amount of
correlation within the groups.
In most cases, researchers are concerned with positive within group correlation leading to a downward bias
in the OLS standard errors. This dataset of repeated cross sections and negative health outcomes, however, contains
a high level of negative within group correlation. At least a portion of this negative correlation is a mechanical result
of the construction of the dataset. Groups with a high rate of chronic conditions in early survey years should
experience higher mortality rates and as a result will appear healthier in later survey years. The mechanical negative
correlation is magnified in this case by large group sizes—the average size of a year of birth cohort in the data is
approximately 9,500. Groups of this size mean that even a small amount of negative correlation will lead to a large
bias in the estimated standard errors.
In order to avoid this mechanical negative correlation but still account for correlation within year of birth
cohorts, I allow for correlation between year of birth and year of survey cohorts. This results in 736 “clusters.”
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One concern for this analysis is that the relative rates of heart disease between men and women
are strikingly different. Figure 3 contains incidence rates of heart disease in the sample by sex and age.
The chart shows that men have higher rates of heart disease and perhaps more importantly for this
analysis, their rate of heart disease at younger ages increases faster. Since the data available for this
analysis does not contain individuals exposed to the flu younger than 62 years of age, it may be difficult
to detect an effect for males, many of whom may have died before they enter the sample. Due to this fact,
it will be important to estimate the effects for men and women separately. Significant effect for men and
not women during certain time periods could provide suggestive evidence of this downward bias. The
rates of other conditions do not drastically differ by sex in the age range analyzed in this paper and
therefore results by sex are not reported.10 The mean rate of kidney disorders in the sample is 0.59
percent for men and 0.69 for women. For diabetes, the rates are 4.76 percent for men and 4.62 percent for
women.
There are several important identifying assumptions that are necessary for this model to
accurately estimate the long term effect of in-utero exposure to the flu. The first is that the long-term
incidence of these conditions is trending smoothly over time except for the in-utero exposure to the 1918
flu pandemic. Second, I assume that the long term health effects of the flu pandemic are felt solely by
those exposed to the pandemic in-utero. A specific concern here is that individuals born in time periods
in close proximity to the flu pandemic, but not exposed to the flu in-utero, should be no more likely to
develop these chronic conditions later in life. I am unaware of explanations in the literature detailing a
medical connection between being exposed to the flu during the early years of life and the specific
conditions of coronary heart disease, diabetes, or kidney disorders. It is possible, however, that there are
non-medical responses to the flu that could result in long-term health consequences. For example, some
school-age individuals contracted influenza and survived. Their sickness may have caused them to
acquire less total education in their lifetime. There is a documented connection between education levels
and mortality (Lleras-Muney, 2005; Elo and Preston, 1996; Kitagawa and Hauser, 1973; Grossman and
10
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Kaestner, 1997). As a result, the flu could affect birth cohorts other than those in-utero during the
pandemic by decreasing lifetime education. It is not clear, however, if this effect would result in specific
medical conditions considered in this study or simply in increased mortality. Furthermore, the potential
loss of education from the flu would likely be very small, limiting its ability to drastically affect long term
health. In order to test a potential long term health effect from exposure to the flu pandemic at a young
age, I will estimate a specification of equation (1) including a dummy variable indicating being between
the ages of one and five during the flu pandemic.
The final assumption is that subsequent flu seasons did not substantially affect the in-utero
conditions of immediately surrounding birth cohorts. Figure 2 shows the sharp increase in deaths in 1919
compared to surrounding years. In addition, as discussed previously, the 1918 flu affected the young and
healthy to a greater degree than more standard flu variants. To the test this assumption, I will examine the
effect of being born in birth cohorts immediately surrounding those affected by the pandemic.

Health Outcome Results
Table 2 reports logit estimates of equation (1). The first row contains results for a model
identifying exposure to the 1918 pandemic as being born in the fourth quarter of 1918, the first quarter of
1919, or the second quarter of 1919. This is a relatively broad measure of flu exposure that cannot
precisely define the timing of the increased fetal stress. This makes it difficult to detect the effects of
specific chronic conditions. Column (1) contains the results for equation (1) with coronary heart disease
as the dependent variable for both sexes. Column (6) contains reports for individuals reporting poor
health status. These are the only results that are statistically significant at any level using this broad
measure of the flu. The medical literature on the importance of the timing of in-utero stress combined
with the lack of a response from a broad measure of in-utero flu exposure points to the importance of
having a short-term and intense identification of times of fetal stress. As can be seen below, defining flu
exposure using a more precise time period is a superior means of estimating disease specific conditions.
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Defining in-utero flu exposure based on quarter of birth returns more precise estimates of the
effect of fetal stress on developing certain chronic conditions. Rows (2)-(4) contain estimates for
coefficients on dummy variables identifying individuals born in the fourth quarter of 1918, the first
quarter of 1919, or the second quarter of 1919. The estimates in parentheses are standard errors and those
in brackets are odds ratios, which due to the relatively low incidence of the dependent variable can be
interpreted as an approximate risk ratio.
As can be see in columns (1)-(3) in-utero exposure to the 1918 pandemic increases the probability
of developing coronary heart disease in later life. For the entire sample, being born in the first quarter of
1919 is associated with an approximately 11.8 percent increase in the probability of developing coronary
heart disease. This result is statistically significant at the 10 percent level. For men, being born in the
first quarter of 1919 increases the probability of developing coronary heart disease by 19.3 percent. This
result is statistically significant at the 5 percent level. For women there is an increased probability of 14.7
percent for those born during the second quarter of 1919. This result is also statistically significant at the
0.05 level. A specification of equation (1) containing dummy variables identifying individuals born in the
second and third quarters of 1918 and the third and fourth quarters of 1919 contained no positive
statistically significant results for these cohorts.11 A specification of equation (1) containing a dummy
variable for being aged one to five during the 1918 pandemic. For both sexes the estimated coefficient
(standard error) on this dummy variable was -0.01 (0.02), for men the result was 0.007 (0.03), and for
women the result was -0.03 (0.03). These results suggest that exposure to the flu pandemic during the
early years of life, as opposed to in-utero exposure, does not result in a higher probability of developing
coronary heart disease.
Assuming a normal gestation length, individuals born in the first quarter of 1919 were exposed to
the flu during anywhere from the fifth to ninth months in-utero. Fetal stress during this period has a
detrimental effect on later life coronary health. For women, this effect occurs during the second quarter
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of 1919. These results are consistent with the medical predictions that fetal stress in the mid-to-early
stages of pregnancy has a negative effect on cardiac health.
Table (3) contains results for equation (1) where flu exposure is defined at the month of birth
level. For both sexes, a statistically significant result is found for individuals born in December, 1918.
For men, there are statistically significant results for December, 1918 and January, 1919. For women,
there are statistically significant results for December, 1918, May, 1919 and June 1919. As will be
discussed later, the stark difference between men and women born during June, 1919 may provide
evidence of attrition in the sample creating a downward bias to the results.
Column (4) contains the results for equation (1) with diabetes as the outcome of interest. In-utero
exposure to the 1918 pandemic increases the probability of reporting diabetes in later life. Specifically,
being born in the second quarter of 1919 increases the probability of developing diabetes by 23 percent.
This result is significant at the 0.05 level. No statistically significant effect is found for individuals born
in surrounding birth cohorts or for individuals affected by the flu during the earliest years of life. A
specification of equation (1) containing a dummy variable indicating individuals between the ages of 1
and 5 during the flu pandemic returns a statistically insignificant estimated coefficient (standard error) of
-0.02 (0.03). The month results in Table (3) show a positive and statistically significant result for
individuals born during April and May, 1919.
Individuals experiencing fetal stress very early in pregnancy have a higher probability of
reporting diabetes. The timing of this effect could be troubling for public health policymakers as it is
more difficult for nutrition and other public health programs aimed at new mothers to effect in-utero
conditions during the earliest months of pregnancy. This may suggest a need for general public health
programs aimed at women of child-bearing age regardless of their current pregnancy status.
Column (5) contains estimates for equation (1) with kidney disorders as the dependent variable.
In-utero exposure to the flu pandemic increases the probability of reporting a kidney disorder later in life.
Individuals born during the fourth quarter of 1918 face a statistically significant 51 percent increase in the
probability of having a kidney disorder. No statistically significant effect is found for individuals born in
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surrounding birth cohorts. Individuals between the ages of one and five during the pandemic also appear
to not have a higher probability of developing kidney disorders later in life. The estimate coefficient
(standard error) on a dummy variable indicating being between these ages during the pandemic is -0.08
(0.08). The results in Table (3) show a statistically significant result for individuals born during October
and November, 1918. These results suggest that increased fetal stress during the last months of a
pregnancy affects later life kidney health. This is consistent with the biological fact that the majority of
kidney development occurs during the last trimester.
The results for equation (1) with self-reported poor health status as the dependent variable are
contained in column (6). As would be expected based on the results for the chronic conditions listed
above, fetal stress caused by the flu pandemic increases the probability of reporting poor health status.
Individuals born during the first and second quarters of 1919 are more likely to report being in poor
health. This should not be surprising based on the previous results regarding heart conditions and
diabetes. The overall incidence of poor health status in the sample is much greater than any of the specific
chronic conditions discussed above. This is likely a result of the advanced age of the sample. Reporting
poor health status is more likely for older individuals. In the sample of NHIS respondents from 19822002 of all ages, only 15 percent of individuals younger than age 40 report being in poor health compared
to 39 of individuals age 60 or higher. Due to this high incidence of poor 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 mortality can cause a downward bias in the
estimated effect of a treatment expected to cause a negative health outcome. This bias results from many
individuals with chronic conditions dying before they were surveyed in later life—raising the average
health of the remaining cohort. This “survivor bias” causes adults surveyed by the NHIS in later life to
appear healthier on average as a result of their in-utero flu-exposure.
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As a test for the presence of this survivor bias, I re-estimated equation (1) with coronary heart
disease as the outcome of interest using three sub-samples of differing ages. If attrition were affecting the
results, the estimated coefficients should decrease across these samples, with the lower probabilities
resulting from mortality increasing the average health of older groups. Figure 4 displays the estimated
logit coefficients and 95 percent confidence intervals for males born during the first quarter of 1919.
There is a clear downward trend in the logit estimates across the three samples. I conducted similar
analyses for kidney disease and diabetes but because of high standard errors generated by low incidence
rates (or smaller samples in the case of men), there was no clear pattern in the data.12
A sensible interpretation of this pattern of decreasing estimates for older individuals is attrition
among the cohorts exposed to the flu. Older individuals have a decreased probability of reporting chronic
health conditions because each year individuals with these chronic conditions perish. Culling these
unhealthy individuals from the group increases the average health of the remaining cohort. As a result of
the advanced age of this sample, many of the results above should be viewed as lower bound estimates of
the health effects of fetal stress related to the flu pandemic.
Further support for the presence of attrition in the sample can be found in the divergent results by
sex with respect to coronary heart disease for individuals born during June, 1919. The result for men is
large and negative with a p-value slightly above 0.10. For women, the result is positive and statistically
significant at the 0.05 level. The counterintuitive result of men being “healthier” if exposed to the flu
pandemic during the early months of pregnancy, combined with the negative health outcome for women
with similarly timed births, could be a result of attrition. This attrition would be caused by the higher rate
of death by cardiovascular disease for men causing the sample of men to be culled of sick individuals and
therefore be, on average, healthier.

Effect on Education

12

The sample size issue for men results from the fact that the percentage of women at each age increases throughout
the sample. This is to be expected due to the longer life expectancy for women.
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A primary finding of Almond (2006) was a decrease in both years of total education and the
likelihood of graduating high school for individuals born in 1919. Figures 5a and 5b show the average
highest grade completed and the percentage graduating high school in the sample by year of birth.
Similar to the graphical evidence in Almond, it appears that there may be some effect for those born
during 1919. Before and after this year there is a clear upward trend in education outcomes. Examining
educational attainment by quarter of birth, the potential effect of the flu is less clear due to a number of
other factors correlated with quarter of birth that affect education levels. 13
Similar to equation (1), pooling data across many cross sections of the NHIS can potentially mix
age and cohort effects across samples. To control for variation across cohorts and age in the NHIS, I
estimated that following OLS model:

EDUCATION i = α + β 1 X i + β 2 AGEi + β 3QOBi + β 4 QOBi * AGEi +

β 5 REGION i + β 6 MOBi + β 7 FLU i + ε i

(2)

Where EDUCATION is a variable for highest grade level completed. The other coefficients are the same
as equation (1). I also estimated a logit model with a dependent variable equal to 1 if an individual was a
high school graduate.
Table 3 reports the estimates from equation (2). Columns (1) – (3) contain the OLS estimates for
all NHIS respondents, men, and women with the highest grade completed as the dependent variable. Row
(1) contains results for flu exposure defined as being born in either the fourth quarter of 1918 or the first
or second quarters of 1919. There are no statistically significant results on highest grade completed for
flu exposure defined in this manner. Row (4) contains results for the effect on highest grade completed
for individuals born during the second quarter of 1919. There is a statistically significant decrease of
-0.137 for these individuals. This result is similar in magnitude to those reported in Almond (2006).
13

To some extent this fact should be expected since previous work has demonstrated a strong quarter of birth effect
on education (Angrist and Krueger, 1991). This increases the signal-to-noise ratio making it more difficult to
visually detect an effect from the flu pandemic based on quarter of birth.

19

Columns (4) – (6) contains logit estimates for equation (3) where the dependent variable is a
binary variable indicating the individual being a high school graduate. There are statistically significant
decreases in the probability of graduating from high school for all respondents and for women who were
affected by the flu during some period of gestation. For example, the odds-ratio for women born during
either the fourth quarter of 1918 or the first or second quarter of 1919 is 0.936. The underlying rate of
graduating from high school for women in this sample between the ages of 62 and 84 is 60 percent—
making it inappropriate to interpret the odds-ratio as a relative risk ratio.
These results provide a weaker case for the effect of the flu on education than those in Almond
(2006). This is likely a result of the NHIS being a less appropriate dataset for estimating the effect of the
flu pandemic on educational outcomes. Compared to the PUMS sample used by Almond, the NHIS
sample in this case is much smaller and the respondents are in general older. Due to these factors, it
should be unsurprising that the estimates related to education are less precise.

Conclusion
The results of this analysis suggest that in-utero exposure to the 1918 flu pandemic had long
lasting negative health consequences. Depending on the period of fetal development during which
exposure occurred, individuals have a higher probability of developing coronary heart disease, diabetes,
kidney disorders, or being in poor health. There is limited evidence from this analysis that exposure to
the flu in-utero also affects education levels.
The strong relationship between in-utero stress during certain periods of fetal development and
specific conditions in later life shows that the duration of the event used for quasi-experimental variation
in fetal conditions is critical to analyses involving specific diseases. When flu exposure was defined over
several quarters of birth, it is not possible to pinpoint stress to particular periods of fetal development. As
a result, many of the individuals who received the “treatment” of fetal stress should not be expected to
develop particular conditions. For example, the nutrition delivery system of the fetus is almost fully
developed by the last trimester. Individuals experiencing fetal stress during this time period should not be
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expected to have a higher probability of developing diabetes in later life. Grouping all individuals into
one large category (including both “treated” and “untreated” individuals with respect to certain
conditions) limits the ability of the analysis to detect any effect from fetal stress on particular diseases.
Unsurprisingly, when flu exposure was defined at its broadest level and diabetes is the dependent
outcome of interest there was no statistically significant effect. When flu exposure is defined using
particular quarters of birth, however, there is an approximately 23 percent increase in the probability of
developing diabetes for individuals exposed to the flu during the first months of pregnancy.
The short duration of the 1918 pandemic allows researchers to attribute flu exposure to these
particular time periods of development. Identification strategies using long-lasting events such as the
Chinese famine or the Siege of Leningrad, on the other hand, are hampered by their inability to determine
particular time periods of fetal stress. The long duration of these events is at least one reason that
previous attempts to document disease specific outcomes of the fetal origins hypothesis have been more
mixed than these results.
While the long term health impact of the flu pandemic is interesting, the insight gained by this
analysis can be beneficial in understanding a number of important questions regarding the effects of poor
in-utero conditions from other sources. Generalizing the results of this analysis to all cases of fetal stress
raises a question of external validity. There is biological evidence, however, that the effect of in-utero flu
exposure is similar to other complications. Irving et al. (2000) found that in-utero exposure to influenza
resulted in a higher rate of complications in pregnancy. This provides a connection between the fetal
origins hypothesis and the 1918 pandemic. Taken together, the animal studies, cross sectional analysis of
humans, and the results of this analysis suggest that maternal health during pregnancy is an important
contributor to the long-term health of their offspring.
The long term health effects of fetal stress and malnutrition can generate significant societal
costs. The management of chronic conditions makes up an increasing share of expenditures in the
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Medicare program.14 In particular, heart disease and diabetes are primary cost drivers. For example, 42
percent of the top quartile of Medicare patients in terms of spending have coronary heart disease.
Additionally, 32 percent of these high cost patients suffer from diabetes (Congressional Budget Office,
2005). A RAND study states, “chronic illnesses such as heart disease, cancer, and diabetes are expensive
to treat. As a consequence, the relatively small proportion of Medicare beneficiaries with such diseases
account for a disproportionate share of Medicare spending — perhaps as much as three-quarters of the
total” (RAND, 2005).15 To the degree that in-utero stress increases the incidence of these conditions it
also generates higher Medicare spending.
Beyond simply the impact on medical spending, the presence of chronic conditions leads to a
lower quality of life, work effort, and productivity. Almond (2006) found that in-utero exposure to the flu
led to a 20 percent increase in disability and a 5-9 percent decrease in wages. These results are similar to
previous estimates of the effect of chronic conditions and health status on labor supply. Bartel and
Taubman (1979) found statistically and economically significant decreases in labor force participation
and earnings for individuals with a variety of chronic conditions including heart disease. Mitchell (1990)
states, “[p]oor health is associated with reduced hours of work, lower wage rates, early retirement and
disability transfer programs” (p. 928). These lower work levels and earnings add another dimension to
the social cost of chronic conditions and the importance of fully understanding their origins.
While these health benefits must be discounted due to their accrual so long after birth, it is clear
that they represent a valuable and previously ignored benefit of improved fetal conditions. Several
federal, state, and private programs attempt to improve access to prenatal care—particularly for
underserved populations. For example, Medicaid now provides prenatal care services. In addition, the
Women, Infants, and Children (WIC) program is explicitly intended to improve nutrition for pregnant
women. There is often debate about the net efficacy of these per-natal programs. Evaluations of their
14

Due to their age, early all individuals affected by the flu that are considered in this study qualify for Medicare
benefits.
15
While the higher likelihood of an early death for individuals with these chronic conditions does limit their effect
on total Medicare costs, RAND still estimates that coronary heart disease and diabetes increase lifetime Medicare
spending by anywhere from $14,000 to $17,000.
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benefit, however, fail to consider the potential long term health benefits (Evans and Lien, 2005; Wayne et
al., 1998; Currie and Gruber, 1996; Devaney et al., 1992). Instead, these programs are traditionally
judged based on immediate infant health concerns such as birthweight, 28 day readmission rates, and
infant mortality. The results for this study show that long term health benefits should also be a factor in
these evaluations. This will provide a more accurate assessment 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
% Hispanic

11.07
6.15

8.1
4.3

% High School Graduate
% College Graduate

63.1
15.84

62.8
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, 1982 to 2002 NHIS
Parameter estimates (standard errors) [Odds ratios]

1

2

3

4

Kidney
Disease
Heart Disease
Diabetes
Poor Health
(1)
(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
mean dep. var. =
mean dep. var. mean dep. var. =
Quarter 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***
(0.038)
(0.053)
(0.048)
(0.061)
(0.129)
(0.022)
Flu
Season1
[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)
, 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)
, 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)
, 1919
[1.028]
[0.92]
[1.147]
[1.23]
[1.15]
[1.095]
Other covariates include controls for age, quarter of birth trend, race, ethnicity, marital status, month of birth, and
region. Standard errors are clustered on year of birth/year of survey cohorts to allow for within group correlation.
1
Flu season is defined as being born in the fourth quarter of 1918, the first quarter of 1919, or the second quarter of
1919.
*
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, 1982 to 2002 NHIS

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Parameter estimates (standard errors) [Odds ratios]
Heart Disease
Diabetes
Kidney Disease
Poor Health
(1)
(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 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)
[0.9]
[1.009]
[0.8]
[0.96]
[1.69]
[0.846]
1918
-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)
[0.991]
[1.027]
[0.951]
[0.91)
[1.88]
[0.97]
1918
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)
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)
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)
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)
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**
(0.114)
(0.129)
(0.162)
(0.133)
(0.345)
(0.056)
April,
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
(0.9)
(0.141)
(0.095)
(0.098)
(0.39)
(0.08)
May,
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)
[1.03]
[0.78]
[1.29]
[1.16]
[0.895]
[1.05]
1919
Other covariates include controls for age, quarter of birth trend, race, ethnicity, marital status, month of birth, and
region. Standard errors are clustered on year of birth/year of survey cohorts to allow for within group correlation.
*
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 to 90, 1982 to 2002 NHIS
Parameter estimates (standard errors) [Odds ratios]
(2)
(3)
(4)
(5)
(6)
Highest
Highest
Grade
Grade
High School
High School
High School
Completed
Completed
Graduate
Graduate
Graduate
OLS
OLS
Logit
Logit
Logit
Coefficient
Coefficient
Coefficient
Coefficient
Coefficient
Men Only
Women Only
Men Only
Women Only
Men Only
n=383.785
n=218,477
n= 165,308
n= 218,477
n=165,308
Mean Dep.
Mean dep.
Mean dep.
Mean dep.
Mean dep.
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) Season1
(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 of birth trend, race, ethnicity, marital status, month of birth,
and region. Standard errors are clustered on year of birth/year of survey cohorts to allow for within group
correlation. Odds ratios are in brackets.
1
Flu season is defined as being born in the fourth quarter of 1918, the first quarter of 1919, or the second
quarter of 1919.
*
Significant at .10 level
** Significant at .05 level
*** Significant at .001 level
(1)
Highest
Grade
Completed
OLS
Coefficient
Total
n=383,785
Mean Dep.
Var = 11.82

.
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Figure 1 – Deaths from Influenza by Age
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Figure 2 – Influenza Deaths by Year
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Figure 3: Coronary Heart Disease Rates, by Age
Adults, Aged 55 to 90, 1982 to 2002 NHIS
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Figure 4 – Estimated Effect of In-Utero Flu Exposure on Coronary Heart Disease by Age,
Men Born During the 1st Quarter 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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Figure 5b – Percent Graduating High School by Year of Birth
Adults, Aged 55-90, 1982-2002 NHIS
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