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Health disparities between countries today attract the attention of policy makers and
researchers. Fifty-six out of 1000 Indian children die before the age 5 compared to four out of
1000 Dutch children. Forty-three percent of Indian children below age 5 are stunted whereas
the Dutch are the tallest in the world.?  But healthy countries once faced even worse conditions
than developing countries today. In 1850 294 out of 1000 Dutch children died before the age of
5 (BMD) and the average 10 year old boy in the mid 1860s was more than 20cm shorter than
his counterpart today (Fredricks et al. 2000). The sons of elite families in nineteenth-century
Utrecht were 10cm taller than the children of unskilled workers at ages 18 and 9 months and
probably 5-6 cm taller by age 25 (De Beer 2004). In contrast, men in the upper wealth quintile
in India are “only” 3cm taller than men in the lowest wealth quintile (Perkins et al. 2011).

What are the lessons, if any, from the past about the transition from a world in which childhood
deaths and infectious disease were common to one in which childhood deaths are rare and
chronic diseases are prevalent? This review will discuss theories of the health transition and
examine how the health transition occurred in the United States and how different indicators of
health, not just mortality, changed. It will examine changes in the distribution of health by
socioeconomic status and the roles in the health transition played by rising incomes and by
scientific advances and their application. The review will investigate how these scientific
advances, which during the health transition took the form of expensive sanitation projects, were
implemented. The review also will examine the implications of the health improvements that
occurred over time for economic growth. In addition to reviewing the existing literature, | will
bring new data to bear for some of the health indicators. | focus on the United States both
because of the availability of extensive microdata and because variation in health across both
space and time — population health declined prior to the modern health improvement, helps
identify the causes of the health transition.

This review will argue that the preponderence of the evidence shows that scientific advances
and their practical application, both in the past and more recently, played an outsize role. Of
course scientific advances could not have been possible without rising incomes because
investment in science requires a certain level of income. A certain level of income is also
necessary to buy sufficient food and shelter. But trends in income and health frequently
deviated and the importance of income to health outcomes has been falling over the course of
the twentieth century.

The early applications of scientific advances took the form of large public health works projects,
such as investments in clean water. Fear of infection provided the political support for the
financing of these projects, even when the poor, including blacks and immigrants, were the
primary beneficiaries. More recent applications of scientific advances have taken the form of
health recommendations and therapies targeted to chronic disease. Because only those with
the specific chronic condition use the therapy, redistributional generosity is likely to be lower
than it was in the past when fear of infection was a motivator. But, even if redistributional
generosity is high, the growing importance of education in utilizing health knowledge,
maintaining medical regimes and complementarities between new technologies and health care
may explain the growing education gradient in mortality (e.g. Glied and Lleras-Muney 2008;
Goldman and Lakdawalla 2005).

Both researchers and policy makers have pointed to health as leading to economic growth in
the past (e.g., Fogel 1994) and as potentially spurring economic growth today (e.g., Gallup and
Sachs 2001; WHO 2001; Bloom and Canning 2005). This review will argue that while
improvements in health have undoubtedly raised productivity, these improvements are not

1 See the country profiles at http://www.who.int/gho/countries/en/index.html#N , updated May 2013.
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necessarily a precondition for modern economic growth. The nature of the economy in which
these improvements occur also matters. Healthier workers are both stronger and better
educated workers workers. In the non-mechanized, low education economies of the past where
physical strength was of value, the healthiest children may have sorted into unskilled
occupations because the opportunity cost of education was high. The economic gains from
health thus come from better ditch-digging but not necessarily from changes that push forward
the technological frontier. If in today’s human capital economies the healthiest children now
have an advantage in learning the advanced concepts taught at higher educational levels, the
marginal benefit of schooling will be rising at higher educational levels and the healthiest
children will sort into high human capital occupations.

Theories of the Health Transition

Theories of the health transition, i.e. the increase in life span accompanied by a decline
infectious disease mortality, are macro theories which emphasize aggregate changes. This
section will review these theories and their implications for economic growth. It will also review
the growing body of biomedical research which emphasizes the longitudinal and
intergenerational effects of health and micro theories of health based on individual behavior.
Although these theories are not explicitly about the health transition, they have implications for
the health transition.

Macro Theories

Theories of the health transition variously have emphasized the roles of science and technology
and of rising incomes and improved nutritional intake. McKeown (1976;1981) pointed out that
the decline in tuberculosis mortality occurred before the availability of effective drug therapies,
thus suggesting that improved nutrition was a key factor. In contrast, Preston (1975)
emphasized the role of public health initiatives, showing that the curve relating life expectancy to
income has been shifting upward over time. He interpreted movements along the curve, which
is steep at low income levels and flatter at high income levels, as indicative of the contribution of
rising living standards to life expectancy and the upward shift of the curve as indicative of the
contribution of scientific and medical knowledge and their practical implementation. He argued
that over three-quarters of the increase in life expectancy between the 1930s and the 1960s
came from scientific advances and their application. A large body of literature provides
evidence on the historical importance of such public health initiatives as cleaning up the water
supply (Cutler and Miller 2005; Troesken 2004) or eradicating hookworm and malaria (Bleakley
2007; 2010b). But there is also evidence for the role of income. In a cross-section of poor,
high mortality countries disease and food availability, as proxied by income, both matter for
adult health (Bozzoli, Deaton, and Quintana-Dominique 2009).

Cutler, Deaton, and Lleras-Muney (2006) argue that the history of mortality reduction from the
mid-18" century to the present encompasses three phases. They acknowledge that during the
first phase , from the middle of the 18" century to the middle of the 19" century, improved
nutrition and economic growth may have played a large role in health. They argue that in the
second phase in the closing decades of the 19" century and into the early years of the 20™
century public health mattered more — first negatively, because of high mortality in cities, then
positively in the delivery of clean water and the removal of wastes. They label the third phase,
dating from the 1930s on, as the era of big medicine, starting with vaccinations and antibiotics,
and moving on the expensive and intensive personal surgical and pharmaceutical targeted at
chronic disease.



Preston’s emphasis on the role of scientific advances has been echoed in work by Easterlin
(1996) and Deaton (2013). Deaton (2013) points out that investing in and applying new
scientific knowledge requires both income and state capacity. Public health expenditures
require both large financial outlays and local government employees to inspect, enforce, and
teach how to avoid germs and how to care properly for babies. Following Szreter (1988),
Deaton (2013) argues that broad political support, which is more likely if the poor have a political
voice, is needed to implement scientific advances in the form of public health investments.

Easterlin (1996), examining the links between the mortality transition and economic growth,
concluded that while modern economic growth and the rapid decline in mortality stem from the
same root causes, that is, the explosion of science and technology in the last three centuries,
the mortality revolution was not due to economic growth. He added that it is easier to achieve a
mortality revolution than it is to achieve modern economic growth because controlling infectious
disease demands fewer institutional, physical capital, and educational requirements.

Controlling one infectious disease even can lead to declines in other diseases because
complementarities increase health investments (Dow, Philipson, and Sala-i-Martin 1999).

Fogel's theory of technophysio evolution emphasizes the relationship between improvements in
health and economic growth (Costa and Fogel 1997; Floud et al. 2011). Adjustments to
adverse conditions including a limited food supply, do not occur through crisis mortality but,
rather, through chronic starvation producing a thin, stunted population. The Bastille, according
to Fogel's memorable image, was stormed by underweight Lilliputians. The relationship
between health and economic growth is an intergenerational one. One cannot give a grown
man food and expect him to be as healthy as someone who had been well-fed his entire life.
Nutritional status (a function of both nutritional intake and the demands made on that intake by
disease, work, climate, and other factors) determines longevity and current work levels.? Work
levels and intensity plus technology determine output. Output in turn determines living
standards and technological investments. The standard of living in turn determines the
nutritional status of the next generation. As a resident of London’s East End at the turn of the
20" century put it, “Look at my scrawny arm, will you ... Not enough to eat, that's what's the
matter with it. Oh, not now. | have what | want to eat these days. But it's too late. It can't
make up for what | didn’t have to eat when | was a kiddy” (London 1903).

Health and Economic Growth

Fogel estimates that improvements in nutritional status account for at least 20% and up to 30%
of British economic growth between 1800 and 2000 (Fogel 1994; Floud et al. 2011: 125-133).
These increases came both from bringing the stunted and wasted beggars and paupers into the
labor force and from improving the health of those already in the labor force. Of course,
improvements in nutritional status may not translate into the technological innovations that lead
to economic growth. England at the time of the Industial Revolution had many other
advantages as well and there are many examples of poor but healthy populations, including the
Plains Indians (Steckel and Prince 2001), the Irish in prefamine times (Nicholas and Steckel
1997), and the Scots relative to the English in the second half of the 1700s and the first half of
the 1800s (Floud et al.1990: 202-204).

2 The distinction between nutritional status and nutritional intake is often lost in critiques of Fogel's view
(e.g. Deaton 2006; Cutler, Deaton, and Lleras-Muney 2006) which associate Fogel's view with nutritional
intake.



Improvements in nutritional status or health may not even lead to increases in education, which
is widely viewed as a key determinant of economic growth in general and of twentieth century
US economic growth in particular (Goldin and Katz 2008; Acemoglu and Autor 2012). Inthe
19th century economy where, prior to widespread mechanization, brawn relative to brain must
have been of greater relative value, improvements in child health could even have raised the
opportunity cost of schooling, particularly for adolescents, thus reducing the optimal time spent
in school. Bleakley et al. (forthcoming) point out that health could affect income through three
distinct channels: 1) unskilled workers are more productive if they are healthier because they
are stronger and better able to do physically demanding jobs; 2) healthier students learn more
from the time they spend in school; and 3) better health may motivate a student to spend more
time in school. Because a healthier child is more productive either because he is stronger or
more because he learns more during the time spent in school, his opportunity cost of schooling
is high. In the 19" century, when formal education was often not a job requirement,
improvements in health may have increased the marginal cost of schooling. In contrast, in the
20™ century, when wage returns to education are high, if healthier students have a large
advantage in learning the advanced concepts taught at higher educational levels, the marginal
benefit of schooling is rising at higher educational levels. Yamauchi (2008), Bleakley (2010),
and Pitt, Rosenzweig, and Hassan (2012) present empirical examples of the ambiguity in the
effect of childhood health on schooling.

The Malthusian world view has been revived in several macroeconomic studies which
emphasize that mortality reductions, by increasing fertility, lead to modest or even negative
output effects. For example, Acemoglu and Johnson (2007), using cross-country data, examine
the effects of the sharp reduction in mortality in developing countries in the 1950s caused by the
diffusion of medical technologies. They conclude that increases in life expectancy led to
population increases and to smaller and statistically insignificant increases in GDP, producing a
negative effect on output per capita. This is worse than the worse case produced by Ashraf,
Lester, and Weil's (2009) simulation model but even their model yields relatively modest
estimates. They conclude that an increase in life expectancy at birth from age 40 to 60 would
raise GDP per capita by only 15 percent in the long run. Eliminating either malaria or
tuberculosis in sub-Saharan Africa would raise GDP per capita by only 2 percent in the long run.
These Malthusian macroeconomic studies have been criticized on several grounds. These
include differences in the initial conditions faced by treatment and control group and the validity
of the instrumental variables strategy, issues of how health should be measured (e.g. mortality
versus morbidity) and of whether, in today’s urbanized and globalized world, excess populations
have the same impact as in the past (e.g. Bloom et al. 2009; Bleakley 2010).

Micro Theories of Health

The classic Grossman (1972) model of health treats health as both a consumption good (the
healthy feel better) and as an investment good (better health leads to greater income and more
time for work). Adults have a health endowment which deteriorates with age, with the rate of
deterioration depending on the health investments an individual makes. These investments are
produced from a combination of time and purchased medical care. Individuals then solve an
optimal resource allocation problem with the prices of health care, people's wages and their
productivity in the production of health determining how resources are allocated between health
capital and other goods and services that people buy.

The Grossman model implicitly underpins Mokyr and Stein’s (1996) reworking of Ewbank and
Preston’s (1990) emphasis on the role of changing household behavior in the health transition.
In this view, the germ theory of disease offered households new health production technologies;



this knowledge was transmitted to households through the popular press, schools, churches,
women’s associations, and others impressed into the sanitary movement's cause; using this
knowledge, households then made decisions given relative prices, limited resources, and
environmental risk. Socioeconomic differences in health develop either because the new
knowledge first diffuses to the well-to-do or because the well-to-do are more productive in
applying the new technologies. However, whether changes in household behavior contributed
to the health transition remains unclear, as does the extent to which household behavior
changed. Mokyr and Stein’s (1996) argument was theoretical, not data driven. Brown (2000),
looking at correlations in a panel data set of German towns from 1889-1912, identifies higher
incomes, sanitary infrastructure improvements, and lower fertility as the biggest factors behind
the decline in infant mortality rates. Declining fertility and sanitary infrastructure improvements
accounted for up to one-fifth and one-third of the fall in infant mortality rates, respectively.
Another frequently cited behavioral factor and the target of German health campaigns, breast-
feeding and other approaches to infant care, was important in explaining differences across
cities and important in explaining declines in diarrheal diseases.

A drawback to the Grossman model for understanding health the health transition is that it is a
static model. The production function for health is fixed and known and health deteriorates
much like a machine. A growing body of research which emphasizes the longitudinal and
intergenerational origins of health status poses challenges to the Grossman model.

The Barker hypothesis (e.g., 1992, 1994) argues that the chronic diseases we associate with
old age originate in utero or in the first year of life, either because of insults occuring during
these critical periods or because of intergenerational effects that operate through the mother.
Although much of Barker’s evidence (e.g.,1992,1994) is correlational, evidence on arguably
exogeneous insults comes from animal studies finding intergenerational effects of maternal
malnutrition during gestation through at least the second generation (Resnick and Morgane
1984; Brelser, Ellison, and Zamenhof 1975; McLeod, Goldrick, and Whyte 1972) and from
cases such as the Influenza Pandemic (Almond and Mazumder 2005) and the Dutch Hunger
winter (e.g., Stein et al. 2006; Painter, Roseboom, and Bleker 2005). The Dutch Hunger Winter
shows that nutrition of the mother during pregnancy not only influences her daughter’s nutrition
during her fetal life but also her grandchild’s birth weight (Lumey and Stein 1997).

Another line of research that emphasizes intergenerational effects is the growing literature on
epigenetics. Unlike the Barker hypothesis’ emphasis on maternal effects, epigenetic effects
can be transmitted through the father through the direct modification of the setting of the genetic
imprint of one or more genes (Pembrey 2010). In rats, germline epigenetic marks imposed by
exposure to nicotine during pregnancy can become permanently programmed and transferred
through the germline to subsequent generations, manifesting itself in asthmatic lungs (Rehan et
al. 2012). Experimentally controlled dominance rank in rhesus monkeys leaves an imprint on
gene regulation, probably by affecting DNA methylation levels (Tung et al. 2012). A
comparison of maternal and non-maternal (including inanimate surrogate) reared monkeys
shows that adverse social conditions can become embedded within the basal transcription of
primate immune cells within the first four months of life (Cole et al. 2012). The Dutch Hunger
Winter provides evidence for humans: those exposed to famine prenatally had less DNA
methylation of the imprinted insulin like growth factor Il (IGF2) gene compared with their
unexposed, same-sex siblings (Heijmans et al. 2008).

Consider the Grossman model assumptions of a production function for health which is fixed
and known and a health endowment which deteriorates with age, with the rate of deterioration
depending on the health investments. Longitudinal studies of the Dutch Hunger Winter show



that a rate of deterioration of health with age is too simple of an assumption. Even though
exposure to the famine led to low birth weights among children in utero during the third and
second trimester (Stein et al. 2004), there was no effect of the famine on 18 year olds, as seen
in a variety of health measures when men were examined for military service (Stein et al. 1975:
197-228). By age 59, however, any gestational famine exposure of at least 10 weeks duration
was associated with hypertension (Stein et al. 2006) and exposure to famine in early gestation
was associated with more coronary heart disease, even though birth weights had been normal
(Painter, Roseboom, and Bleker 2005).

Evidence from the Dutch Hunger Winter suggests that either there is a long latency period for
health conditions or small initial differences in health and cognition, not easily measured at
young ages, become more important at older ages because initial health and cognition
determine subsequent educational and health investments. Although the Barker hypothesis
does not incorporate the role of educational and health investments, it allows for interactions
between early life insults and later life conditions. For example, in the case of non-insulin-
dependent diabetes, the interaction between a poor prenatal “diet” and a rich adult diet may be
important. Changes in the disease, work, and food environment (such as the move from
manual to mechanized and then to sedentary labor and the increased availability of cheap food
high in caloric density) occurred within a generation, potentially leading to maladaptation.
Alternatively, it may be through the accumulation of insults throughout the life cycle that
infectious disease leads to inflammation (e.g. Finch and Crimmins 2004).

Although the Barker hypothesis, epigenetics, and theories of inflammation emphasize the
scarring effects of insults, other research argues that poor environmental conditions could leave
either permanently scarred survivors or very resilient survivors through positive selection
effects. Models of selection posit that when mortality at younger ages is high, frailer individuals
die, leaving a more robust population that survives longer. These models have been used to
explain the deceleration of mortality at older ages (Horiuchi and Wilmoth 1998) and the black-
white mortality crossover (Manton and Stallard 1981; cf. Preston 1996; Elo and Preston 1994).
Empirical analyses, however, predominately show positive associations between debilitating
events and the morbidity and mortality of adults more than 20 years after the event (e.g.
Horiuchi 1983; Elo and Preston 1992; Finch and Crimmins 2004; Barker 1992, 1994; Almond
and Mazumder 2005; cf. Casselli and Capocaccia 1989; Kannisto et al. 1997). Evidence of
selection leaving a more robust population comes from extreme cases such as Civil War POW
camps where mortality among soldiers over age 30 was greater than 50% (Costa 2012).
Evidence of an exact offset between selection and scarring comes from the Chinese famine
(Ggrgens, Meng, and Vaithianathan 2012). In the US, scarring was probably typical. Civil War
soldiers who enlisted in large cities where life expectancy at birth was roughly age 24 or 26
were shorter and faced higher old age mortality rates (Costa and Lahey 2005a).

Heckman (2007) and Conti and Heckman (2010) reconcile the Grossman model with the
intergenerational aspects of the Barker hypothesis by making self-control and
conscientiousness, which determine how productive an individual is in producing health in the
Grossman model, the outputs of a developmental model in which “skill begets skill.” In this
developmental model people possess a vector of capabilities at each age, including pure
cognitive abilities such as 1Q, noncognitive abilities such as patience, self-control, temperament,
risk aversion, a rate of time perference and health stocks, including mortality and morbidity
propensities. All capabilities are produced by investments, the environment, and genes. The
capability formation process is governed by a multistage technology where each stage
corresponds to a different period in the life cycle. The model allows for different inputs and
technologies at different stages and for different sensitive and critical periods, that is periods



where one stage is more effective and where only that stage can produce, respectively. The
capabilities produced at one stage augment the capabilities attained at later stages, leading to
"self-productivity.” Thus higher levels of self-regulation and conscientiousness reduce health
risks and avoid accidents and higher levels of health promote learning. Education in turn can
have a causal effect on health. Through dynamic complementarity capabilities produced at one
stage of the life cycle raise the productivity of subsequent investments. Early investment
therefore needs to be followed up by later investment for the early investment to be productive.
It is this dynamic process that accounts for socioeconomic differentials in health. Together,
dynamic complementarity and self-productivity imply an equity-efficiency trade-off for late child
investments but not for early investments. The returns to early investments are therefore very
high.

The Heckman (2007) and Conti and Heckman (2010) model has implications for the mortality
transition. The cohorts that experienced the health transition, roughly those born in the first half
of the twentieth century, benefited not only from public health interventions when they were
young but also from investments in public education such as those of the “high school
movement” and beyond (Goldin and Katz 2008). In their old age their better cognitive and non-
cognitive skills enabled them to take advantage of new medical knowledge and therapies
targeted toward older adults. These cohorts began to experience a virtuous “self-productivity”
cycle which should have led to improving health, but widening socioeconomic differentials, at
older ages. Previous cohorts, such as those born in the nineteenth century, would have
experienced less “self-productivity” because of limited medical knowledge and therapies and
because of the limited availability of schooling.

Self-productivity in health also has implications for the political economy of public health
expenditures. Even if the poor disproportionately benefit from public health interventions that
reduce infant mortality, the ability of rich parents to follow up with later life investments makes
even small changes in infant health valuable.

Long-Run Health Trends in the US

This section examines long-run trends in several health proxies — mortality, height, body mass
index (BMI), birth weight, and chronic conditions and discusses potential explanations for the
trends. The trends reveal that the US can be divided into four periods. The first period, in the
1700s and early 1800s, was one of a relatively good disease environment and high nutritional
availability. The health producing technology was limited to more and better food, better shelter
(particularly less crowding), and better geographic locations.  The second period, from the
1830s to the 1880s, was one of a worsening of the disease environment (and perhaps of
nutritional availability) but an unchanging health production technology. The worsening of the
disease environment was not just an urban phenomenon, but it was starkest in urban areas.
The third period, from the 1880s to the early 1900s, saw the introduction of a new technology —
public health. The new technology was a public good. In contrast, during the fourth period,
from the 1930s or 1950s to the present, the new health producing technologies were private
goods. First they were drugs to combat infectious disease and then they were therapies
targeted at chronic conditions. These new therapies, requiring both individual purchases and
skills to use effectively, were complementary with income and education. Contemporaneously,
advances in medical and epidemiological understanding provided a guide book on effective
health habits.



Trends in health are not necessarily related to income trends. During the US health declines of
the 1830s to 1880s, real GDP per capita was rising (Figure 6.1 in Floud et al. 2011: 299). In
Europe, the largest increases in heights and the sharpest decreases in infant mortality in the post-
1850 periods occurred between 1913 and 1951, a period encompassing two World Wars and the
Great Depression and the period of lowest growth in per capita GDP (Hatton and Bray 2010).
The US time series evidence does not reveal effects of the Great Depression on health, though
its effects may have been mitigated by relief programs (Fishback, Haines, and Kantor 2007) and
by Old Age Assistance (Balan-Cohen 2008). One potential explanation for the absence of a
Great Depression effect is that the public health investments that had already been made in the
years preceeding the Great Depression such as the provision of clean water, milk, and
improvements in housing protected against disease while incomes were adequate enough to
secure sufficient nutritional intake and shelter. Recession effects may have been different prior
to the sanitary revolution. In nineteenth century Holland, recessions increased the mortality rate
later in life for most of the population, with lower social classes suffering disproportionally (van
den Berg et al. 2009). Because of limited birth and death registration data, little is known about
the effects of recessions in the US of the nineteenth century. Microeconomic evidence on the
twentieth century finds either no effects, e.g., experiencing the Dust Bowl in utero did not affect
older age disability and chronic disease rates (Cutler, Miller, and Norton 2007), or an inverse
correlation between recessions and health both in recent data and data from the 1920s and 1930s
(Ruhm 2000; Fisback, Haines, and Kantor 2007; Dehejia and Lleras-Muney 2004). Explanations
for the inverse correlation have included improvements in health behavior during a recession,
selection in who gives birth during a recession, and counter-cyclical fluctuations in the quality of
care, particularly in nursing homes (e.g. Stevens et al. 2011).

Rising incomes may have played a larger role in health improvements in Europe than in the US.
Fogel (1994) argues that the food supply circa 1750 was so limited that up to one fifth of
France’s population only had the energy to beg. In Britain during the 1930s there was concern
that 18-50% of manual and even artisanal worker families who were surveyed did not have the
resources to maintain a healthy diet (Rowntree and Lavers 1951;Crawford and Broadley 1938;
Orr 1937) and an experiment with the diets of school children in Scotland in the 1920s led to
those receiving a milk supplement to grow 20% more than either the control group or those
receiving a biscuit supplement (Orr 1928; Leighton and Clark 1929). The US in its early history,
however, was one of those fortunate places of which Malthus (1872: 252) noted, “[iJt has been
universally remarked that all new colonies settled in healthy countries, where there was plenty
of room and food, have constantly increased with astonishing rapidity in their population.”
Writing of London’s East End in 1903, Jack London declared, “As a vagrant in the “Hobo” of a
California jail, | have been served better food and drink than the London workman receives in
his coffee-houses; while as an American labourer | have eaten a breakfast for twelvepence such
as the British labourer would not dream of eating.”

Life Expectancy and Mortality

Figure 1 shows long-run trends in men'’s life-expectancy in the United States, patched together
from different sources. The longest time series, originally put together by Fogel (1986) and
continued to the present-day from Vital Statistics sources, is for life expectancy at age 10. Life
expectancy at age 10 in the 1790s was high by the standards of the day, reaching almost 57
years in the early 1790s. In contrast, life expectancy at age 10 in Sweden was 46. Hacker's
(2010) series (life expectancy at birth is shown in Figure 1) puts the low point during the 1860s,
a period of wartime hardship. Mortality data from genealogies shows that life expectancy at
age 20 declined from approximately 47 years at the beginning of the century to slightly less than
41 years in the 1850s and recovery to levels of the early 1800s was not attained until the end of



the nineteenth century (Pope 1992). Explanations for the decline include a worsening of the
disease environment, with diseases spread by increased immigration and internal migration, a
“hidden” depression affecting northern artisans who experienced “deskilling” with the rise of
factories and competition from immigrants (Fogel 1986; cf. Katz and Margo forthcoming), a
population that was growing faster than the food supply leading to rising food prices and lower
consumption (Floud et al. 2011: 316), and growing specialization in food production on farms
with the expansion of markets (Komlos 1987,1996).

We observe the sustained twentieth century increase in life expectancy among both whites and
blacks and among both men and women. Trends in women'’s life expectancy at birth since
1850 were similar to those of men until about 1930 when women'’s life expectancies began to
increase more sharply (figure not shown). Since the 1970s, increases in women'’s life
expectancies have lagged those of men. Smoking rates provide one explanation for the
deviation in life expectancy levels and trends by sex. The fraction of deaths at age 50 and
older attributable to smoking was neglible for women in 1955, reached men’s 1955 level in 1980
but was still relatively small at 8% and grew to 20% in 2003, the highest fraction in all OECD
countries. For men the fraction of deaths attributable to smoking was 23 and 22%,
respectively, in 1980 and 2003 (Preston, Glei, and Wilmoth 2011).

Height

The use of stature as a proxy for health in the economics literature was pioneered by economic
historians in the early 1980s (e.g. Engerman, Fogel, and Trussell 1982) and is now a commonly
used proxy for health, particularly in development economics. Height is a measure of net
nutritional status during the growing years, including the fetal period. It depends both on
nutritional intake and on nutritional demands, including those from disease, climate, and work.

Stunting starts in utero or in early childhood (before age 3) and usually persists to give rise to a
small adult. What is still unclear is whether the persistence of stunting is inevitable and
permanent or whether complete catch-up can occur if conditions are conducive to it. Rat pups
and piglets that were malnourished for a period shortly after birth never caught up, suggesting
that stunting in humans may be permanent (Widdowson and McCance 1960). Based on
extensive studies in Guatemala, Martorell, Rivera and Kaplowitz (1990) concluded that stunting
is "a condition resulting from events in early childhood and which, once present, remains for
life.” Although there is usually definite catch-up growth in studies of adoptees, emigrants, or
children treated for diseases, it is often not to the NCHS standards. There may be a limitation
imposed on an individual's maximum height by genetic imprinting in very early development.
Full catch-up appears to take place at young ages but is followed by an advanced puberty and
early cessation of growth (Proos, Hofvander and Tuvemo 1991).

Fogel (1986) using the abundance of military records, which recorded height as an identifier,
was the first to note that the long-term trend in US white, native-born heights mirrored mortality
trends. Figure 2 reproduces his data using the heights of native-born soldiers from the
eighteenth through the twentieth centuries and extends the time series with the heights of white,
native-born men in the last decades of this century.® The data, which are arranged by birth
cohort, show that troops who fought in the French and Indian War of the 1750s and the 1760s
or who fought in the American Revolution of the 1770s nearly attained 1930s heights of 175cm.

3 Since the sample sizes are substantial, particularly for those periods before the large wars, the major
movements in the series are unlikely to represent sampling variation. In fact, the difference in average
height between rejectees and those who served in the Union Army was 0.25 inches. The averages have
been corrected for minimum height standards.



Cohorts born from the early 1700s to those born in 1830 achieved a gradual increase in
average stature of approximately one centimeter. Average heights fell by approximately 4cm in
the ensuing half century, reaching a trough among births in the 1880s.*  After the 1880s,
American men experienced the familiar secular increase in stature of recent times, gaining
approximately six centimeters by the mid-twentieth century. The secular increase in heights
continues in recent decades, although at a much slower pace.

Figure 2 shows that trends in black stature were similar to those of whites using data from
recently collected samples of black Civil War soldiers and from men in recent health surveys.
The decline in black stature is consistent with Steckel’s (1979) finding of a decline of two and a
half to seven and half centimeters in the heights of slave children born in the two decades after
1830.

Even when US heights were at their nadir circa the 1883 birth cohort, Americans were taller
than the French, the British, and a full 5.2 cm taller than the Italians but were shorter than the
Dutch, the Norwegians, and the Swedes even though those populations only achieved the
height of the US cohort of 1780 after 1911 (see the times series in Hatton and Bray 2010).°
Jack London could write of London’s East End, “One thing particularly conspicuous in this crowd
was the shortness of stature. I, who am but of medium height, looked over the heads of nine
out of ten. The natives were all short, as were the foreign sailors. There were only five or six in
the crowd who could be called fairly tall, and they were Scandinavians and Americans.”
Americans remained relatively tall but starting with cohorts born in the late 1950s and later, the
Dutch became the tallest population (see the time series for Europe in Hatton and Bray year).
Why the Dutch are the tallest remains a puzzle, with potential explanations focusing on the
Dutch medical system and universal health insurance, the low labor force participation rates of
mothers, and a public health monitoring system in which mothers from all social classes
participated (de Beer 2004). Why Americans are no longer growing remains a puzzle as well
(Komlos and Baur 2004).

What are health implications of height? Waaler (1984), using a sample of Norwegian males age
40-49 in 1963-79, was the first to show that mortality first declines with height to reach a
minimum height close to 187cm and then starts to rise. Costa (1993) found a similar functional
relation between height and subsequent mortality among a sample of 322 Union Army recruits
measured at ages 23-49 who lived to age 55 and were followed for 20 years. Floud et al. (2011,
Figure 6.8, p. 341) found this same functional relationship among white American males age 40-
59 in the 1986-1992 and among Union Army veterans measured at ages 40-59, both followed
for 10 years. Height appears to be inversely related to heart and respiratory diseases and
positively related to the hormonal cancers (Barker 1992). A caveat is that the relationship
between height and subsequent mortality only shows up in large samples and is sensitive to the
choice of follow-up period. Using a larger sample of Union Army recruits, | obtained suggestive
evidence of a J-shaped relationship between height and mortality but the height that minimized
mortality was about 10cm shorter than in Waaler's Norwegian sample and the odds of death
was greater at taller than at shorter heights.

4 No national height series is available for the end of the nineteenth century. Interpolation was based
upon the assumption that the time pattern for the country followed that for Ohio.

5 One difficulty in comparing trends in heights in the US and UK with those in continental Europe is that
continental European heights are consistently conscript heights whereas those in the US and the UK are
not. There is a height decline in the US and the UK that coincides with industrialization but there is no
such decline on the continent.



BMI

The body mass index (BMI), defined as weight in kilograms divided by the square of height in
meters, is a measure of current nutritional status. Underweight is associated with wasting
illnesses while obesity is associated with cardiovascular disease and type Il diabetes. Figure 3
shows that in the US mean BMI for white men at ages 18-19, 20-24, 25-29, 30-34, 35-39, 40-49,
and 50-64 began to increase after the 1950s, with sharper increases at older ages. A similar
pattern is observed among US blacks (not shown) and also in Britain. Mean BMI among
younger British men was less than 22 in the 1850s and 1860s and it was between 23 and 24
among older men. Mean BMI for older men began to increase after 1950 and for younger men
to increase after 1960 (Floud 1998).

Mean BMIs were even lower in the European past. Floud et al. (2011) estimate that mean BMI
for males age 20-30 was about 21 circa 1800 and was only 19 for French males circa 1785.
They estimate, based on the relationship between weight, height, and mortality in modern
Norwegian data, that increases in height and BMI explain 75 to 90 percent of the increase in
mortality rates prior to 1875 (but less after 1875). The US data show that in the past, a large
fraction of men were underweight (a BMI of less than 18.5%). Among men 50-64, 6% of Union
Army veterans were underweight in 1900 compared to less than 1% of men in 1988-94 (see
Table 1). Even younger men were underweight: among Union Army soldiers age 25-49, 6.9%
were underweight.

Table 1 also illustrates the rising proportion of obesity from 3 percent among Union Army
veterans to 13% in the 1970s, 27% in the late 1980s, and 38% in 2005-2010. Recent research
has suggested that rising obesity levels may threaten future gains in life expectancy (Olshansky
et al. 2005; Stewart, Cutler, and Rosen 2009), but these projections do not account for a
changing relationship between obesity and mortality.

The relationship between weight and mortality has been changing since 1960. Mehta and
Chang (2011), comparing earlier and later cohorts at ages 50-74 in three data sets, find that
over time class | obese individuals (those with a BMI between 30.0 and 34.9) no longer face an
elevated mortality risk relative to normal weight individuals (those with a BMI between 18.5 and
24.9) but BMI levels of 35 and over remain dangerous. The obese have experienced
improvements in hypertension and cholesterol levels over the last few decades and a declining
risk of dying from cardiovascular disease. However, declining relative mortality risks for the
obese have not led to declining relative disability risks, as measured by functional limitations
and activities of daily living, between 1988-94 and 1999-2004 (Alley and Chang 2007).

Table 2 shows that the relationship between weight and mortality has been changing at least
since 1900. The table gives hazard rates from a Cox proportional hazard model of 12 year all-
cause mortality for 50-64 year-old white men. Men in 1900 faced an elevated mortality risk from
being overweight (a BMI between 25.0 and 29.9) as well as from being obese compared to men
of normal weight. There was no relative mortality risk of being overweight in either 1971-1976
or 1988-1994. Mehta and Chang (2011) show that overweight individuals in the original
Framingham cohort in 1948-1970 did not face an elevated mortality risk relative to individuals of
normal weight, suggesting that the relationship between overweight and mortality changed
between 1900 and 1960. The changing relationship between weight and mortality is greater
than that documented by Floud et al. (2011: 341, Figure 6.8) for white men age 40-59, perhaps
because | control for smoking. However, it is consistent with the changing relationship between
weight and labor force participation rates at older ages in the United States documented by
Costa (1996).



Although obesity levels in the population have risen, Tables 1 and 2, together show that the
proportion of men facing an elevated mortality risk because of their weight has fallen from 25%
in 1900 (those who were underweight, overweight, and obese | and Il) to 13% in 1971-1976
(those who were underweight and obese | and Il) and to 6% in 1988-1994 (those who were
underweight and obese Il). We have become better at controlling the risk factors for heart
disease such as cholesterol levels and high blood pressure (Gregg et al. 2005).

Birth Weight

Low birth weight is associated with significantly increased relative risk of death in the first days
of life. This risk springs in part from the prematurity of many low-birth-weight infants and in part
from intrauterine growth retardation. Infants that are small for gestational age because of
nutritional or other deficiencies do not catch up in growth with normal infants and tend to be at
greater risk of health problems throughout their lives. Low birth weight is associated with an
increased risk of fatal and nonfatal stroke in adult life and this association remains after
controlling for gestational age, suggesting that the association results from slow fetal growth.
Premature birth additionally increases the risk of stroke associated with low birth weight (Barker
2006). Barker's (1992, 1994) “fetal origins hypothesis” proposes that cardiovascular and
disease and non-insulin-dependent diabetes originate through adaptations made by the fetus
when it is undernourished. Some, but not all, of these adaptations are reflected in lower birth
weight. As seen in the Dutch Hunger Winter where even normal birth weights led to chronic
conditions at older ages, a normal birth weight is not a sufficient marker for good health at older
ages, even though a low birth weight predicts poor health.

US white birth weights in the past were high by today’s standards (see Figure 4). Birth weights
at the Philadelphia Almshouse circa 1850 were above 3500 grams and those at Boston, New
York Lying-In, and Johns Hopkins were between 3400 and 3500 from the 1890s to the 1930s.
Birth weights after 1950 never reached such high levels. High birth weights were also observed
in Montreal in the 1850s-1870s where birth weights fluctuated above 3500 gm before falling to
3100 gm by 1900 (Ward 1993: 149-150) and in three Norwegian cities where, for married
women, they were above 3400 1860-1920 (and for unmarried women up to 200 gm lower
between 1860 and 1900) and increased thereafter, reaching 3600 around 1980 (Rosenberg
1988). Among survivors to 1951, babies born in Hertfordshire, England between 1911 and
1939 weighed 3500 gm if they were boys and 3400 gm if they were girls (Syddall et al. 2005).
In contrast, in Vienna between 1870 and 1914 birth weights fluctuated between 3100 and 3200
grams (Ward 1993: 147), rising above 3200 grams only after 1923. Black birth weights in the
US were above 3200 grams only in 1950.

The series on US birth weight trends is inconsistent with the secular height trend, even though
adult height is positively associated with birth weight (e.g. Adair 2006; Victora et al. 2008). This
inconsistency has led Floud et al. (2011, p. 340) to speculate that “the association between
infant mortality and adult height was primarily related to the association between post-perinatal
mortality and adult height.” In contrast, data from developing countries suggests that the
contributions of the prenatal and early post-natal environment to adult height are roughly equal
(Li et al. 2003; Victora et al. 2008).

I will show that when the US birth weight series is restricted to first births, the trend is consistent
with the adult height series trend. High birth weights in the past are observed only at high
parities. In recent vital statistics data, mean birth weights increase by less than 100 grams for 0
parity to parities of 1-2. In contrast, among whites at New York Lying-In and Johns Hopkins,



birth weights increased by up 400 grams between 0 parity and parities of 1-2 and by even more
for higher order parities (see Figure 5). The health or socioeconomic status of mothers is an
unlikely explanation for greater birth weights at higher order parities. Maternal mortality at JHU
was only 0.5 percent, suggesting that any mortality selection effects would be small. Higher
parity children were more likely to have fathers who were laborers rather than a higher
occupational status. Mothers of higher parity children were more likely to be less than 152cm
tall, suggesting that any health selection was negative. Explanantions for the higher birth
weights of higher parity children observed in more recent data include an improved uterine
blood supply, greater maternal body mass, and also a diabetogenic effect.

The most likely explanation for the high parities observed in the past may be gestational
diabetes. Although glucose tests were not commonly administered, a study at Boston City
Hospital in 1921-24 found that 13.6% of 500 patients had glucose in their urine (Williams 1925).
Variation in other contemporary studies ranged from 5 to 35% (Eastman 1946). Glycosuria is
most commonly due to diabetes. In contrast to the prevalence rates at Boston City Hospital,
gestational diabetes among Kaiser Permanente patients in California in 2005 was 5.3% among
non-Hispanic whites and 5.0% among blacks, with rates increasing with the mother’s age
(Lawrence et al. 2008). An alternative explanation may be the high prevalence of maternal
hypertension without proteinuria (hypertension with proteinuria is an indicator of pre-eclampsia
and thus of a smaller baby) which, as the next section shows, at JHU was more than twice the
rate found in recent populations. However, hypertension without proteinuria increases birth
weights by 95 grams in recent data and by 80 grams in the JHU data , thus explaining at most a
quarter of the difference in birth weights by parity in the past.®

The birth weight series for first births, beginning around 1915, is consistent with the height trend
(see Figure 6). Among whites, birth weights were high circa 1850, had fallen by the 1910s and
1920s, rose by 1968 and continued to rise until 2000 and then fell. The high by modern
standards birth weights at the Philadelphia Almshouse remain a puzzle. They could be due to
a deliberate misreporting of parity by the mother aided by the charitable foundation (a first birth
to an unwed mother may be viewed as an error but later births as a bad habit), an increase in
food intake among malnourished women during the last trimester of pregnancy, or a
diabetogenic effect.

The pattern for African-Americans from 1968 to the present observed in Figure 6 resembles that
for whites, though birth weights were lower. Causes of the recent decline in mean birth weights
among both blacks and whites are still unknown but cannot be attributed to trends in maternal
and neonatal characteristics, changes in obstetric practices, or concurrent decreases in
gestational length (Donahue et al. 2010).

Chronic Conditions

Although less is known about trends in chronic conditions, the available evidence shows that
over the 20™ century as a whole, health improved.” This section presents evidence on the

6 | regressed birth weight on parity, mother’s age, race, gestational weeks, sex of the child, preeclampsia,
and hypertension without proteinuria. A caveat is that the JHU sample size is small.

7 Although Riley (1990) has argued, based on friendly society sickness reports, that health has worsened
over time because we now keep the sick alive, the number of reported sick days is biased because it
depends on the number of sick days paid for by friendly societies (Harris 1999).



mothers of children born in the 1910s and 1930s, young men examined for WWII service, and
older Union Army veterans.

The mothers of the children born in the 1910s and 1930s were shorter, showed signs of
malnutrition, had high blood pressure during pregnancy, and were more likely to be syphilitic
(see Table 3) than mothers who gave birth in the 1960s and in 1988. Five to six percent of
white mothers and 14% of black mothers in the 1910s and 1920s bore the scars of early life
malnutrition. Malnutrition is measured by a flat pelvis, that is, by an external conjugate
diameter of less than 18 cm or a conjugate diagonal less than 11 cm. Under-nutrition during
infancy, particularly lack of vitamin D, softens the bones and reduces all pelvic dimensions.
When an undernourished infant begins to stand, the pelvis becomes flattened from the
pressure. The rates seen at NY Lying-In and JHU in the 1910s to 1930s are similar to rates of
4.6% for whites and 11.6% for blacks seen in 1905 at JHU (Riggs 1904). By the early 1960s
(at the time of the Collaborative Perinatal Project), the incidence of flat pelvis was negligible. At
Sheffield, England, Martyn, Barker, and Osmond (1996) found that the prevalence of flat pelvis
fell from 10% in 1907-16 to 3% in 1927-30. The study associates flat pelvis with increased risk
of stroke in children at older ages.

Roughly 30% of both white and black mothers at JHU developed hypertension, as measured by
at least one systolic reading of more than 140 or one diastolic reading of more 90, during their
pregnancies (see Table 3). The rate is similar to that of 37% found by Barker et al. (2007) in
Finland in the 1920s and 1930s. In contrast, only 12-16% of mothers were hypertensive in the
1960s and in 1988. Because blood pressure readings were taken more frequently in the recent
data, the decline in hypertension may be understated. Although some of the increased
hypertension was due to higher rates of preeclampsia, rates of hypertension without
preeclampsia were higher as well. Mothers’ higher blood pressure during pregnancy in the first
third of the twentieth century relative to its last third should have increased their relative risk of
stroke, heart, and kidney disease later in life (Garovic et al. 2010).

The high rates of hypertension observed in mothers and their malnutrition in the past are
consistent with the high rates of hypertension among young men observed in WWII induction
records (see Table 4). Among whites the prevalence of hypertension rose from 17% among
men ages 18-19 to 33% among men ages 35-37. Prevalence rates were similar for blacks. In
contrast, among whites, prevalence rates for hypertension in 1988-91 were zero at ages 18-19
and 11% at ages 35-37. Rates were higher for blacks but were less than half of the WWII rate
at ages 35-37.

Chronic disease rates were high for the Civil War cohort compared to cohorts age 50-74 in the
1970s and onward. Tables 5 and 6, reproduced from Costa, Helmchen, and Wilson (2007)
and Costa (2000), show that prevalence rates for the average combined category of decreased
breath and adventitious sounds fell by 0.2% points per year for both whites and blacks between
1900 and 1910 and 1988 —1994. For men ages 50 — 64 prevalence rates for musculoskeletal
conditions fell by 0.5% points per year from 1910 to 1988 —1994 for black men and by 0.4%
points per year for white men. Within the same age group prevalence rates for the combined
category of arteriosclerosis, valvular heart disease, and congestive heart failure fell by 0.4%
points from 1910 to 1976 —1980 for black men and by 0.2% points per year for white men.®
Prevalence rates for blacks were higher for almost all conditions, symptoms, and signs between

8 Floud et al. (2011: 345), reproduce the prevalence rates in Fogel (1994), which give a prevalence rate of
76% for heart disease. This high prevalence rate was derived before the detailed medical information
was available and simply indicates that the heart was mentioned but does necessarily have diagnostic
implications.



1971 and 2004. They speculate that manual labor accounted for higher rates of
musculoskeletal conditions for blacks than whites whereas infectious disease explained higher
rates of arteriosclerosis and heart ailments.

A drawback to the Union Army data is that ischemic heart disease was not recognized. There
was no diagnostic equipment for hypertension. What is therefore unknown is whether ischemic
heart disease was common, but undiagnosed, or whether ischemic heart disease replaced
valvular heart disease as the most common form of heart disease and became an epidemic. By
1950 age-adjusted death rates from cardiovascular disease in the US were already close to 600
per 100,000, peaked in the late 1960s at roughly 650 per 100,000 and then fell sharply to reach
200 per 100,000 in the late 1990s (Mirzaei 2009).

Costa (2002), using the same Union Army data, finds that functional limitations among the
elderly declined by 0.6% per year between 1910 and the 1990s. She finds that 24% of the
decline in functional limitations was due to decreases in the debilitating effects of chronic
disease, 37% was due to reduced chronic disease, and the remainder was unknown.

Have disability declines accelerated in recent years? Standardizing for age, Manton, Gu, and
Lamb (2006) report disability declines of 0.6% per year between 1982-84, 1.1% per year
between 1984-89, 1.3% per year between 1989-94, 1.8% per year between 1994-99, and 2.2%
per year between 1999-2004/2005 among those age 65 and over. Other work finds mixed
evidence for the 1980s but consistent declines from the mid and late 1990s onward on the order
of 1 to 2.5% per year for difficulty with daily activities and help with daily activities (see the
review by Freedman et al. 2004). Martin, Schoeni, and Andreski (2010) find differences
between those age 65+ and those age 40-64. Among those age 65+ the proportion with high
risk biomarkers (C-reactive protein, total cholesterol, and blood pressure) declined as did the
proportion needing help with activities of daily living. The fraction reporting difficulty with at least
one of nine physical functions remained unchanged. In contrast, among younger cohorts there
was little change in high-risk biomarkers, no change in reporting difficulty with at least one of
nine physical functions and an upward trend in the proportion reporting difficulty with activities of
daily living, though this was a small number. The data thus raise the concern that future
cohorts of elderly may not be as healthy as recent cohorts, perhaps because of rising obesity.

Some International Comparisons

Data from the European countries for which we have the longest available time series on life
expectancy and heights illustrates that in its early history the US was an unusually healthy place
to live but converged to the European pattern between the 1850s and 1880s. In all countries
consistent improvement in life expectancy and adult heights comes only after 1850, sometimes
later. Prior to 1850 there were fluctuations or even reversals in life expectancy and heights.
See Figures 7 and 8, which, respectively, compare male life expectancy at age 10 in the United
States, Sweden, and France and men’s heights in the United States, Sweden, France, Great
Britain, and the Netherlands.

For Sweden, the period between 1720 and 1850, was characterized by fluctuations in life
expectancy and heights brought on wars, epidemics, and crop failures. However, the overall
trend in heights and life expectancy was one of improvement. Although incomes remained low,
there were periods of peace. The spread of the potato as a field crop provided a cheap source
of nutrition. Public health measures included small pox vaccination campaigns and
improvements in sanitation, hygiene, and child care spurred by government propaganda spread
through churches and compulsory schools. Initial investments were made in water and



sewage. After the last disastrous crop failure of 1868-69, heights and life expectancy increased
almost steadily, with heights rising by almost 10cm and with life expectancy at age 10
increasing by almost 10 years. Since the 1960s, the rate of growth in heights has slowed.
These steady improvements in heights and life expectancy coincide with rising incomes,
declining food prices between 1870 and 1914, investments in public sanitation infrastructure,
and, particularly in the 1915-50 period, the expansion and improvement of publicly provided
medical facilities and personnel (Sandberg and Steckel 1997).

In France, heights rose by about 2.5cm for the 1800 to 1893 birth cohorts, with slightly faster
growth at the beginning and end of the period and none between 1880 and 1900. Cohorts born
in the twentieth century experienced more rapid increases — heights rose by about 7.5cm
between the 1900 and 1978 birth cohorts. Life expectancy at age 10 declined sharply with the
Franco-Prussian War and the two World Wars but the overall trend increased life expectancy at
age 10 by 24 years. For nineteenth century cohorts, the relationship between per capita
income and height was a linear one (Weir 1997). Weir's (1997) analysis of height differentials
across French departments between 1840 and 1911 implies that rising wages explain between
44 and 63% of the height increase between those years.® The effects of declines in crude
death rates on height increases cannot be inferred because the effects are of crude death rates
are not robust across his specifications. Although public health investments played a large role
in mortality declines within cities between 1820 and 1880, most of France was relatively rural
(Weir 1997).

Floud et al. (1990: 134-163) discovered that in Great Britain the heights of 20 year-olds declined
beginning with the cohort born in the 1840s and reaching a nadir roughly with the cohorts born
in the 1860s, with the exact timing depending on the age that was examined. Floud et al.
(2011: 134-139) discuss the challenges to these estimates raised by other scholars on statistical
grounds and on the basis of other samples such as those of convicts. On the whole there is
agreement that there was a decline in the heights of British cohorts somewhere between 1820
and 1850, thought the exact timing is unclear. Although heights increased by more than 2cm
from 1870 to the end of the nineteenth century, there were fluctuations and the sustained
increase does not come until the twentieth century when heights increased by another 7cm.
The decline in British heights coincides with rising urbanization and all of the attendant ills of
unsanitary cities and, although diets improved in second half of the nineteenth century, the
sustained increase in heights came after the substantial investments in sewage and water
treatment in the 1890s and early 1900s (Floud et al. 2011: 173).

The Netherlands also experienced a reversal in heights in the early 1800s. After an increase in
heights for those born between 1798 and 1810, the cohorts born between 1810 and 1837
experienced a decline. The upward climb begins only after 1850. Early cohorts faced
fluctuations in food prices and economic stagnation (Drukker and Tassenaar 1997). Between
1870 and 1978 heights increased by almost 16cm, with the most rapid increases in the
twentieth century, and unlike the United States, Sweden, France, or Great Britain, there is no
evidence of a slow-down in height increases. For the Dutch, the timing of growth spurts in the
second half of the nineteenth century coincides with changes in real wages (Jacobs and
Tassenaar 2004).

° Height in mm rose from 1643.4 to 1661.1cm. A real wage index rose from roughly 380 to 700. The coefficients
on the logarithm of real wages ranged from 12.84 to 18.21 in a regression of height in mm on wages, crude death
rates, and other factors (see Weir 1997).



Overall the time series data on individual European data suggests that increases and
improvements in nutritional intake played a role in nineteenth century height increases, but the
experiences of different countries varied. The twentieth century evidence points more toward
public health reforms. The importance of public health reforms is emphasized by Hatton (2013)
who finds that in a panel of 15 European countries from 1871 to 1980 declines in infant mortality
account for 4 to 5¢cm of the increase in height, with most of the increase coming between 1911
1955, whereas increases in income account for 1 to 2cm of the height increase.

Trends in Health by Socioeconomic Status

The US trends in health differentials by socioeconomic status that are documented in this
section for infant and child mortality, birth weight, height, and BMI are consistent with changes
in the disease environment and with health producing technologies being the primary drivers of
changes in health. The low inequality in health by socioeconomic status of period one was
replaced by high inequality as the disease environment worsened. The third period saw
reductions in health inequality which continued until the 1950s because public health
investments differentially benefited lower income individuals who could not afford to pay for
clean water but then in the fourth period health inequality by socioeconomic status began to rise
because the new health producing technologies were private goods requiring income to
purchase and education to use effectively. Although socioeconomic differentials contract as a
new medical innovation becomes more widespread (Goldman and Lakdawalla 2005; Chang and
Lauderdale 2009), as long as new innovations become available then on average there may be
no contractions.

Changes in socioeconomic health differentials coincide with changes in income inequality. The
wage returns to clerks relative both to common laborers and to artisans were increasing in the
19th century (Katz and Margo forthcoming). Income inequality was high but falling at the
beginning of the twentieth century, compressed sharply during the 1940s, was relatively stable
in the 1950s and 1960s, and then rose sharply in the late 1950s reaching levels higher than
those in 1939 (Goldin and Katz 2008). However, it is not clear that changes in income
inequality are the drivers of changes in health inequality. There are many potential pathways
relating income inequality to health. One of these includes nonlinear income effects, whereby if
the health of the rich is not much affected by their income but that of the poor is then transfers to
the poor will improve their health (Preston 1975). Another is relative deprivation in which rank
determines not just in how healthy of a location people live but also how much control they have
over their lives and in their jobs and thus affecting their health through stress levels (Marmot
and Wilkinson 1999). Additional arguments include credit restrictions which prevent the poor
from making investments in their children’s health and human capital, nutritional traps such that
poor workers cannot buy the food needed to sustain their work (Ray 1998), and public goods
provision, under the argument that more equal societies provide more public goods. Surveying
the evidence, largely from developing countries but also for the US and the UK, Deaton (2003)
concludes that there is little evidence that income inequality per se leads to poor population
health (though it may increase homicide levels) and that research should focus on the role of
low income in poor health. Thus if rising inequality coincides with income declines for the
poorest, average health may worsen during periods of inequality if income effects are large only
at low income levels.

Those at the bottom of the income distribution are likely to be in poor health if the causality goes
from health to income. Although they cannot identify the mechanism by which parents’ income
affects children’s health, Case, Lubotsky, and Paxson (2002), using contemporary US data, find
that a family’s long-run average income is a powerful determinant of children’s health status,



protecting their health upon the arrival of chronic conditions. The health of children from
families with lower incomes erodes faster with age, and these children enter adulthood with both
lower socioeconomic status and poorer health. Using data on London civil servants, Case and
Paxson (2011) find that health in adulthood is associated with future promotions but that current
civil service rank is not associated with future health. Smith (1999; 2004) finds that health
shocks among the middle-aged have a relatively large negative impact on family income and
wealth.

Infant and Child Mortality

Figure 9 summarizes the twentieth century US evidence on child and infant mortality, drawn
from Haines (2010). The ratio of infant mortality among the lowest relative to the highest
socioeconomic status classes was very high circa 1912 and had become much more equal by
1950 and then rose again, though it never reached 1912 levels. Inequality decreased between
1990 and 2000. Trends in child mortality by socioeconomic class suggest increases in
inequality between 1900 and 1920. The increase in inequality between 1910 and 1920 is not
necessarily inconsistent with the trend in inequality in infant mortality — no data are available on
inequality in infant mortality for that period. One of the drawbacks in examining trends in infant
mortality by socioeconomic status is that they magnify socioeconomic differences at low infant
mortality levels. For example, if infant mortality falls from 40 to 5 per thousand among low
status households and from 30 to 2 per thousand among high status households, the infant
mortality ratio increases from 130 to 250 whereas the infant survivorship ratio increases from 99
to 100. Similar to the trend in inequality in infant mortality, infant survivorship between 1912
and 1950 became more equal, but unlike the trend in infant mortality the trend in infant
survivorship since the 1960s has been almost as equal as in 1950 (see Figure 9).

In England and Wales, where better historical data are available on infant mortality by social
class, the data reveal that from 1895 to 1921 infant mortality rates fell more sharply among the
upper and middle classes than among unskilled workmen, leading to rising inequality in infant
survivorship (see Figure 10).2° As pointed out by Woods (2000: 265), unusually bad years,
such as 1911, led to greater reversals among lower class families. After 1921, inequality
declined as infant mortality rates fell more among the unskilled than among the skilled.!!
Because of differences in how social class is defined, infant survivorship ratios between the top
and bottom social ranks in the United States and England and Wales in Figures 9 and 10
cannot be compared. Preston and Haines (1991: 185) reclassified US occupations into British
occupational codes to conclude that inequality in child mortality in the US circa 1895 was less
than in England and Wales in 1911. Although 1911 was an unusually bad year, it was no worse
than 1895. In the US today the social gradient in infant mortality is higher than in Austria or

10 The study of socioeconomic differentials in mortality can be carried back even further in time in England
and Wales. Examining ducal and commoner life expectancy at birth (and thus including the high child
mortality rates of the era) from 1541/46 to 1866/71, Harris (2004) finds that life expectancy at birth began
to diverge after 1750 and by 1866/71 the difference was roughly 20 years.

11 Comparisons of the top and bottom social ranks have been criticized as ignoring the middle ranks,
whose numbers have been rising as fewer men are in the bottom social rank. Using a summary indicator
for all social classes, Pamuk (1988) argued that for legitimate births inequality rose between 1921 and
1972 and then fell from 1972 to 1980. Pamuk’s summary indicator was a "slope index of inequality,” i.e.
the slope of the linear regression of mortality across all classes weighted for the proportion of the
population in each class. This procedure effectively magnifies the effect of socioeconomic differentials at
low levels of infant mortality.



Finland because of worse outcomes among less educated mothers after the first month of life
(Chen et al. 2013).

In both the United States and England and Wales, geographical differences in mortality
swamped socioeconomic differences (Preston and Haines 1991; Woods 2000). However,
within cities place of residence was a good indicator of socioeconomic differences and thus data
on infant mortality within US cities reveals that inequality was falling between 1900 and 1950.
Figure 11, reproduced from Floud et al. (2011: 328, Figure 6.3), plots the maximum, mean, and
minimum infant mortality rate by ward in 6 major cities in the US. Because the poor lived in the
areas with the highest infant mortality rates and the rich lived in the areas with the lowest infant
mortality, the figure implies that between 1900 and 1950 more than 80 percent of the difference
in the infant mortality rate between the poorest and richest wards had disappeared.? Although
health inequalities by neighborhood persist, differences today are smaller than in the past. In
Philadelphia, a city with the highest infant mortality rates in the country, the difference in infant
mortality rates per 1000 between the top 10% and the bottom 90% (in infant mortality) census
tracts was 28 in 2009. The difference (by ward) was 89 in 1928-1930 and 110 in 1914-1916.%3

Birth Weight and Weight in Infancy

Consistent with trends in infant mortality by socioeconomic class, the available evidence on
socioeconomic differentials in birth weight shows these were larger in the US of the 1910s-
1930s than in more recent data. Costa (1998) found that differences in birth weight between the
10" and 90" wage percentile at New York Lying-In in the 1910s to 1930s compared to the 1988
National Maternal and Infant Health Survey were twice at large at NY Lying-In, probably an
understatement because NY-Lying In was primarily an upper working class sample and did not
cover the full wage distribution. A comparison of full-term, “normal” white births at 5" Avenue
(a hospital serving the well-to-do) in the early 1930s with charity cases at Bellevue found birth
weight differences of 100 gm among first births, but little difference in higher order births
(Stewart 1943). Absolute differences between private and welfare patients in the Collaborative
Perinatal Project of the 1960s were only 30 gm (see Table 7).

Inequality in birth weights by education has increased since the late 1960s. Controlling for
gestational age, mother’s age, sex of the child, parity, and hispanic origin, the difference in white
birth weights between those with less than a high school education and those with more was
less than 100 gm in 1960 but rose to a peak of 127 to 195 gm in 1988, with the bigger increase
among those with a college education, and then fell to a difference of 50 to 100 gm in 2011,
with the larger increase among the college-educated (see Figure 12). Aizer and Stroud (2010)
attribute the rising and then falling differential to the growing educational gradient in maternal
cigarette smoking, which peaked between 1980 and 1990, coincident with the educational
gradient in birth weights.

Weight differentials by socioeconomic status diverged in the first year of life (see Figure 13),
though the early samples were too small to determine if this was true controlling for first birth.
Babies born at Bellevue in the late 1920s were well below the modern WHO 50™ weight
percentile whereas those born at 5" Avenue Hospital reached the 50" percentile by the 25™
week. In contrast, there was little difference in the weights of the babies of private and welfare
patients in the 1960s. At one year of age the babies of white and black patients at Johns

12 High within city differentials were also found in Paris where life expectancy at age 5 between the worst
and the best neighborhoods was over 10 years in the 1890s (Rosenthal and Kesztenbaum 2012).

13 Estimated from data available at http://www.uadata.org and at
http://www.phila.gov/health/commissioner/VitalStatistics.html.
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Hopkins University in the first third of the century had similar weights, but there may be bias in
who was followed in the samples.

Height and BMI

For the cohorts born circa 1750 there were no differences in adult height by broad occupational
group. Among the cohorts born in the 1820s to 1840s, farmers were relatively taller but there
were no differences between laborers and professionals and proprietors.* In contrast, the
difference between laborers and professionals and proprietors was an inch (2.54cm) for the ¢
ohorts born in the 1920s and then declined for cohorts born in the 1940s and later (Costa and
Steckel 1998).

Educational differentials by height are consistent with occupational differentials by height (and
also with infant mortality differentials) and suggest that inequality was low in the first half of the
nineteenth century. The top panel of Figure 14 graphs the height coefficients from regressions
of height on years of education in Bleakley et al. (forthcoming). There was little relation
between height and education among the Civil War cohort (born in the 1820s to mid 1840s), a
very strong relation between height and education among the cohort serving in World War Il
(born in the 1900s to mid-1920s), and then a declining relation thereafter. Because height is
largely determined by age 3, Bleakley et al. (forthcoming), treat the causality as going from
height to education, while acknowledging the correlational nature of the evidence. They
attribute the lack of a strong relation between height and education in the 19™ century to a more
brawn-based economy which led healthier children either to select into manual occupations or
not to stay in school longer because their time spent in school was more productive and the
opportunity cost of additional schooling was high.

The bottom panel of Figure 14 shows that only among cohorts age 20-45 after the 1950s has
the relationship between education and BMI become stronger. The figure graphs the
coefficients from a regression of education on BMI from the Civil War cohort to present cohorts.
For more recent cohorts, | also control for smoking status which magnifies the relationship
between education and BMI. These data are thus consistent with models in which education
plays an important role in determining current health.

Data on older age mortality show that the relationship between education and health has
become stronger over time since 1900, in part because of the educational gradient in smoking.
Table 8 presents hazard ratios from Gompertz models examining 12-year mortality rates among
Union Army veterans age 55-74 in 1900 and men of the same age first observed in the 1970s
and the late 1980s and early 1990s. Education was not a statistically significant predictor of
12-year middle and older age mortality rates among native-born Union Army veterans.
However, without controls for smoking education, was a statistically significant predictor of
mortality rates in all three late 20" century samples, and its effect may be increasing. The
hazard ratios suggest that the relative risk of death for a year of education fell from 0.989 in the
Union Army to 0.969 in NHANES | to 0.956 in NHANES Il and then to 0.948 in NHANES IIl and
the differences between the Union Army sample and NHANES Il and 11l were statistically
significant in a pooled sample. However, controlling for smoking reduces the impact of
education on mortality to 0.977 in NHANES 1 and to 0.965 and 0.964 in NHANES Il and .
With further smoking controls the impact of education falls to 0.979 in NHANES Ill. The
increase in mortality differentials by education in NHANES has been observed since data from

14 Differences by occupational class in Britain and Ireland were larger. Among men born circa 1815, the
difference between the tallest occupational group (those in commerce) and the shortest (domestics) was
about half of an inch (1.3m) (see Figure 5.3 in Floud, Wachter, and Gregory 1990: 203).



1960 matched records and these show that increasing mortality differentials were primarily
observed among men, whereas educational differentials among women remained relatively
constant (see the review by Dow and Rehkopf 2010), consistent with women’s later take-up of
smoking. The results in Table 8 differ from those of Cutler et al. (2011) who find that smoking
trends explain little if any of the increase in relative mortality risk for the less educated over the
last three decades. A potential explanation for the differences is that in the 25 to 74 year old
age group examined by Cutler et al. (2011) the number of years spent smoking within
educational groups may vary widely.

The growing importance of education in maintaining medical regimes provides another potential
explanation for the rising importance of education in older age mortality trends. Glied and
Lleras-Muney (2008) find that education gradients in mortality became steeper among causes of
death for which there was greater technological progress. Smith (2007) finds that the
educational gradient in diabetes prevalence has increased since the 1970s, perhaps because of
better self-management at higher educational levels (Goldman and Smith 2002).*> In addition,
because high income persons are the heaviest health care users and because new medical
technologies raise the productivity of health care, technological change will disproportionately
benefit the advantaged (Goldman and Lakdawalla 2005).

Evidence from experimental animal studies has led to the recognition of the role of stress in
health and mortality, particularly for hypertension and atherosclerosis (e.g. Henry and Stevens
1977), and to its effects on the next generation, through gene imprinting (Tung et al. 2012). The
effects of stress may be mediated by social networks. Perceptions of social support are
associated with better adjustment to stressful events (e.g., House et al. 1988; Lett et al. 2007)
even though actual social support often is not correlated with better adjustment (e.g., Bolger and
Amarel 2007). Social networks may positively affect cellular immune response (Cohen et al.
1992; Thomas, Goodwin, and Goodwin 1985) and neuroendocrine functioning (Seeman et al.
1994); feelings of social isolation may even be linked to alterations in the activity of genes that
drive inflammation, the first response of the immune system (Cole et al. 2007). One of the
difficulties faced by studies of individuals is that individuals who are in poor health may be
socially isolated and thus it is hard to establish causality. Costa and Kahn (2010), using data
on Union Army soldiers, where both wartime stress and the cohesion of the wartime company
were arguably exogenous, find that while wartime stress increased older age mortality rates
among veterans, men from more cohesive companies were statistically significantly less likely to
be affected by wartime stress.

While stress and social support may explain some health inequalities, it is harder to implicate
stress and social support as playing a role in explanations of changes in health inequalities.
Putnam (2000) emphasized the decline of social capital, but Costa and Kahn (2003) find mixed
evidence on trends. However, the cross-sectional relationship Costa and Kahn (2010) find
between social capital and income inequality across metropolitan areas suggests that rising
income inequality could reduce social capital. Even less is known about changes in stress
levels. Stevenson and Wolfers (2008) find that self-reported happiness by educational level
has widened since the 1970s but that the differences by race and by sex have narrowed.

Health Inequality within Families

Inequality at birth within families has decreased since the 1920s. Among whites, sibling
correlation in birth weights, birth length, and gestational weeks has increased over time (see

15 In contrast, Goldman and Smith (2005) find no educational gradient in hypertension.



Table 8). Sample sizes for blacks are too small to determine the trend. These correlations,
which control for birth order, show that among children born under the auspices of Johns
Hopkins University Hospital, sibling correlations in birth weight and gestational weeks were
lower than among children born in 1955-66 and surveyed in the Collaborative Perinatal Project
and those in turn were lower than those observed in the data from Norway from 1967-2004 and
in the PSID from 1985-1997. Sibling correlations in birth length were greater in 1967-2004 than
in the Johns Hopkins University sample in the first third of the 19" century.

The narrowing of brother correlations in adult height shows that inequality within families has
decreased since the Civil War cohort (see Table 9). The most likely cause for the low correlation
in the past is families’ inability to protect themselves against disease and nutritional shocks.
Among brothers in the Union Army heights were lower in more populous counties and the
variability in height was greater, suggesting that the environmental contribution to variability in
height is of greater relative importance in populations reared in worse environments (Lauderdale
and Rathouz 1999). Thus not only has the environment improved but families may now also be
better able to protect themselves against shocks that do occur because of improvements in
knowledge. The US decline in brother-brother correlations is consistent with the increase in
height heritability observed among Finnish twins born in the first half of the 20th century and those
born later (Silventoinen et al. 2000).

Causes of the Mortality Transition: Micro-Evidence

Trends in health and in health inequality suggested that technological innovations, first in the
form of public health interventions and then in the form of medical treatments, were the primary
drivers of changes in health and in health inequality and that income trends frequently deviated
from health trends. This section reviews some of the micro-evidence. The micro-evidence
consists of correlational evidence, particularly for some of the historical studies, studies of
specific public health interventions, studies of exogenous income transfers, and studies of
exogenous schooling increases. On the whole, this evidence shows that both the disease
environment and arguably exogenous increases in income were important determinants of
health and mortality in the nineteenth century and the early twentieth century but that the
importance of both these factors fell over the course of the 20" century. The evidence on
education is less clear, perhaps because of the difficulty of finding exogenous increases in
education, and this has led to the explicit modeling of the selection into education.

Evidence on the initial decline in health that began in the 1830s has been analyzed using cross-
sectional data by various scholars. For example, Haines et al. (2000)'s analysis of 1850
county-level death rates finds no statistically significant effect of various measures of nutritional
availability but does find statistically significant effects of transport access and urbanization. In
contrast, their analysis of the heights of Union Army veterans finds a positive and statistically
significant effect of nutritional availability, some evidence that growing food specialization had a
negative effect, evidence of the negative effects of transport access and urbanization, and also
that crude deaths rates, an indicator of the infectious disease environment, had a sizable
negative effect on heights. Although they cannot determine why crude death rates rose, the
increase in both immigration and in internal migration is a likely explanation. Hong (2007) finds
that Union Army recruits who spent their early years in counties where malaria was endemic
were 1.1 inches shorter at enlistment and 13% more susceptible to infection. Westward
expansion brought the population into what prior to drainage was a malarial Midwest.

The adoption of clean water technologies by cities provide a way to assess the importance of
infectious disease. City life in the 19™ and early 20™ century was dirty and dangerous (Melosi



2000). The water and milk supply of cities was contaminated with bacteria causing typhoid
fever, dysentery, and diarrhea. Cities did not remove sewage and their streets were filled with
garbage and carrion. The influx of migrants from abroad and from rural areas crowding into
dank and dark urban tenements provided new foci of infection and new victims, and the rapid
transmission of disease from host to host increased its virulence. Among infants the excess
urban mortality was 88 percent in 1890 and 48 percent in 1900 (Haines 2001) and nowhere was
the urban mortality penalty as large as in the poor areas of town where crowding was greater
and where parents could not afford to buy clean water and milk (Rochester 1923). City life left
those who survived to age 60 permanently scarred, shortening their lives at older ages even
controlling for later residential moves (Costa 2003; Costa and Lahey 2005a). The adoption of
clean water technologies sharply lowered mortality rates. In Chicago 30-50% of the 60%
decline in crude death rates between 1850 and 1925 is accounted for by water purification and
the eradication of diarrheal diseases and typhoid fever and its sequelae (Ferrie and Troesken
2008). In major cities between 1900 and 1936 overall mortality rates fell by 30% and infant
mortality rates by 62%. Clean water (both filtration and chlorination) accounted for 43 and 74%
of the reductions, respectively (Cutler and Miller 2005).

There were many other interventions, such as cleaning the milk supply and city vaccination
campaigns, that remain understudied. We do not know the effects of slum clearing, though we
do know that shared toilet facilities were correlated with high infant mortality both in the United
States and in Germany (Brown 2000a). We also do not know the impact of cleaner air.
Although early air monitoring data do not exist, problems were severe enough that monitoring
was moot. Pittsburgh streetlights burned all day because the skies were darkened by pollution
and white shirt collars would turn gray by mid-day. The city replaced coal with natural gas as its
major fuel between 1884-1892, but then it depleted its gas supplies and its skies were darkened
once more. Only in 1941 did the city reduce its use of bituminous coal and it continued to
reduce its reliance on coal after WWII (Tarr 2002; Tarr and Lamperes 1981). Jack London
(1903) cited scientific studies that “no less than six tons of solid matter, consisting of soot and
tarry hydrocarbons, are deposited every week on every quarter of a square mile in and about
London.” He added that “sulphuric acid in the atmosphere is constantly being breathed by the
London workmen through all the days and nights of their lives.” Clay and Troesken (2011)
found that “foggy” days in London correlated with excess mortality and that the number of these
days rose from 1870 to 1891 and then fell until their series ended in 1905. They attributed the
decline to population shifts from the center city, fines for excess smoke emissions instituted in
1891 which led to switches from bituminous coal and to more efficient stoking and firing
procedures, and the spread of gas cookers and heating, particularly among the poor.

Conditions in cities have led historians, particularly those of British economic history, to wonder
why migrants moved from the country-side to the dark satanic mills of the cities. Williamson
(1981), looking at average death rates and wage rates across cities from the 1800s to the
1860s, argued that there was a 10-24% wage premium for city life in England as whole but that
even this mortality premium was not enough to erase the wage gain of moving from the village
to the city. Given the variance in mortality rates within cities, the wage premium may be
underestimated. However, the wage gain to moving to the city may have been particularly high
for those born in the country. Jack London described those born in the East End as, “a weak-
kneed, narrow-chested, listless breed, that crumples up and goes down in the brute struggle for
life with the invading hordes from the country.” He added that, “The railway men, carriers,
omnibus drivers, corn and timber porters, and all those who require physical stamina, are
largely drawn from the country; while in the Metropolitan Police there are, roughly, 12,000
country-born as against 3000 London-born.” While we know that the infants of city-dwellers
suffered, we do not know how the health capital of the “invading hordes from the country”



declined. Cain and Hong (2009) find that among Union Army veterans, an adolescence and an
adulthood spent in large cities was at least as dangerous as being born in a large city, but,
because city conditions were not constant, it is unclear if this is a point about critical periods or a
point about city trends.

Evidence on the declining importance of early life environmental conditions, though whether
they were due to disease or to nutrition is unclear, comes from studies of the impact of season
of birth. Doblhammer and Vaupel (2001) present convincing evidence that in recent populations
those 50 years old and over born in the northern hemisphere live longer if they were born in the
fourth quarter instead of the second quarter whereas in the southern hemisphere the pattern is
exactly reversed. They argue that those born in the second quarter, after the long winter
months, experienced reduced intrauterine growth. The populations they examined were for the
most part born in the twentieth century when the mortality transition was already well under way.

Costa and Lahey (2005a,b), comparing the Union Army cohort with US cohorts born 1881-1920,
find that the effect of being born in the second quarter of birth relative to the fourth on older age
mortality has lessened and that whereas there was a pronounced negative effect of being born
in the summer among the Union Army cohort, this effect disappeared almost entirely for the
1881-1920 cohort. Spring and summer were bad seasons to be born in both because of the
adequacy of maternal diets and infectious disease incidence in early infancy and in early
pregnancy. Data on birth weight and prematurity rates from Johns Hopkins in the first third of
the twentieth century show that babies born during the second quarter (April-June) were more
likely to be premature and that babies born during the spring (March-May) had lower birth
weights, even if they were full-term (Costa 2004b). The mortality of infants and of children
below age two peaked in the summer because of diarrhea and its sequelae throughout the
nineteenth century, starting to dampen in the late nineteenth and early twentieth century but
persisting until 1920 (Condran and Lentzner 2003). A study of a rural North Carolina mill town
begun in 1939 found that in the spring vitamin levels were at their lowest point (Beardsley 1989:
204). Poor nutritional intake and maternal infection from respiratory disease during the winter
months may have led to low birth weights and high prematurity rates among babies born in the
spring. The impact of season of birth effects fell between 1900 and 1960-80, coincident with
declining infectious diseases rates, particularly from summer water-borne diseases, and an
improving food supply. The declining impact of season of birth accounts for roughly 16 to 17
percent of the 0.087 difference in the 10 year mortality rates of Union Army veterans and of
Americans in 1960-1980.

Additional evidence on the declining importance of environmental conditions comes from
analyses of the mortality impact of temperatures. Using state-level mortality data, Barreca et
al. (2013) find that the mortality effect of an extremely hot day declined by about 80% between
1900-1959 and 1960-2004. They also find that the effect of cold days on mortality decreased
as well but the effects were more modest than for hot temperatures. But, even with no changes
in the effects of cold days on mortality, population shifts to warmer states have lessened the
effects of cold temperature. Deschénes and Moretti (2009), using individual-level data from
1972-1988, find that cold temperature days have a significant and long-lasting impact on
mortality rates (much more than hot days) and attribute 3% to 7% of the gains in longevity
experienced by the U.S. population over the past three decades to migration from cold,
northeastern states to warm, western states.

Reduced occupational stress includes both the shift from manual to white collar work and the
reduction in occupational hazards within manual and factory work. In addition to injuries and
physical demands, lung diseases and respiratory symptoms result from occupational exposure



to dust, fumes, or gases in manufacturing, mining, and farming. In the United States circa 1940
men’s risk of death on wage-paying jobs fell from roughly 0.17 per million hours worked to less
than 0.07 by 1970, with most of the decline due to decreased risk of death within jobs (Costa
and Kahn 2004). Case and Deaton (2003) find that even with comprehensive controls for
education and for income, those in manual occupations have worse self-reported health and
more rapidly declining health with age. Among Union Army veterans, Costa (2003) finds that
occupational shifts were relatively unimportant of older age mortality. However, in explaining
the 66% decline in the combined category of chronic respiratory conditions, valvular heart
disease, arteriosclerosis, and joint and back problems from the 1900s to the 1970s and 1980s,
Costa (2000) argues that 29% of the account is accounted for occupational shifts and 18% by
early life infectious disease as proxied by early life urban residence and by occurrences in the
army.

Income in the 19" century enabled individuals to buy lower room congestion, housing in an area
of a city with better sanitation, private toilet facilities, soap, better food, an icebox to preserve the
food, and less work away from home for the pregnant mother. Thus Preston and Haines
(1991), using the questions on the number of children ever born and the number of children
living in the 1900 census, report that place of residence, together with race, was the important
correlate of child survival in the late 19™ century, much more important than father’s occupation.
However, within locations, income mattered. Within U.S. cities there was a steep gradient
between infant mortality and income. Chapin (1924) reported that in Providence, Rhode Island,
in 1865 the annual crude death rate for taxpayers was 11 per thousand, while the corresponding
rate for non-taxpayers was 25 per thousand. Ferrie (2003) linked households in 1850 and 1860
to one year mortality rates as reported in the 1850 and 1860 censuses of mortality and found a
wealth gradient in rural areas of the United States. Those with greater personal wealth were
less likely to die from any cause and were less likely to die from pulmonary tuberculosis, a
disease associated with crowding and poor housing. They were no less likely to die of cholera,
a disease they did not know was spread through contaminated water supplies. Looking at
Union Army veterans, Eli (2012) finds that an extra $1 in exogenous income lowered mortality
hazards by 21%. She also found large income effects for respiratory, digestive, and
cardiovascular illnesses. Previous bouts of infectious disease predicted all three disease
categories (Costa 2000) and in the case of cardiovascular disease, rheumatic fever was an
important determinant. Eli (2012) hypothesizes that potential mechanisms include living in
better areas, decreases in crowding as the elderly were more likely to maintain independent
households, and retiring as opposed to working in dirty and dangerous jobs with exposure to
fumes and dust.

Income transfers in the 1930s and at mid-century also had substantial effects on mortality.
Fishback, Haines, and Kantor (2007) find that relief spending during the Great Depression
reduced infant mortality and deaths from diarrhea and infectious disease, with a dollar increase
in relief spending reducing overall infant mortality by more than 30%. Old Age Assistance
decreased elderly mortality by 22% between 1930 and 1950, but had only effects on male
mortality, decreasing infectious disease mortality by facilitating the shift away from the crowded
housing of the poorhouse and by facilitating access to antibiotics, particularly penicillin, and
sulfa drugs (Balan-Cohen 2008). Aizer et al. (2013) find that the (male) children of poor
mothers who received pensions because of husband’s death, disability, or absence between
1900 and 1930 lived ten years longer than the children whose mothers’ applications were
rejected.

Income transfers in more recent times may have a negative impact on older age mortality in
developed countries. Using exogenous decreases in income arising from adjustments to



erroneous overpayments of Social Security benefits, Snyder and Evans (2004) found a small
but statistically significant positive impact of income on male mortality, with a 4% decline in
Social Security payments lowering male mortality by 2% (there was no effect on women'’s
mortality). They argue that the decline in mortality can be explained by the increase in part-time
employment among men older than 67, perhaps because of the beneficial effects of increased
social interactions. In contrast, in South Africa, Case (2001) found that the extension of
generous pensions to elderly blacks led to improved self-reported health status and decreased
depression for all household members because richer households were able to obtain on-site
water and flush toilets and were less likely to skip meals.

Evidence on the impact of income on birth outcomes in more recent times also suggests smaller
effects than in the 1930s, as might be expected given higher income levels and better health.
The income maintenance experiments of the 1970s in Gary, Indiana, which guaranteed families
a certain income level had positive effects on the birth weights of children of mothers who were
smokers and who had short intervals between births but negative effects on the children of
mothers who were non-smokers and who had long intervals between births compared to
controls who did not (Kehrer and Wolin 1979). The differential county roll-out of the Food
Stamp Program, which is equivalent to a cash transfer (Hoynes, Schatzenbach, and Whitmore
2009), also provides evidence on exogenous income effects. Almond, Hoynes, and
Schanzenbach (2011) found that exposure to the program in the last trimester had small and
statistically insignificant effects on neo-natal mortality and a less than half a percent increase for
blacks and whites in mean birth weight. However, they found a 7% reduction in the incidence of
low birth weight for whites and 5 to 11% reduction for blacks. Using the differential county roll-
out of the Supplemental Program for Women Infants and Children, which provides food
packages to low-income pregnant and post-partum women, Hoynes, Page, and Stevens (2011)
find that the program increased birth weights by only 19 to 28g among participating women, a
less than 1% increase (cf. Bitler and Currie 2005). Welfare reform also provides opportunities
to examine the effects of exogenous income changes. Declines in the welfare case load
because of the Personal Responsibility and Work Opportunity Reconciliation Act (PRWORA)
which eliminated entitlement to cash assistance had either no or small effects on birth weight
(Currie and Grogger 2002; Kaestner and Lee 2005).

The rather modest effects of exogenous income changes on health in the US today compared
to correlations suggest either that the causality is reversed or that income is picking up other
factors. One likely other factor is education, which is strongly positively associated with health,
but identifying causal effects of education has been a challenge. Even then, at best, the
studies can only estimate the effects of an extra year of education at low education levels.

Lleras-Muney (2005) pioneered the use of compulsory schooling and child labor laws as
instruments to estimate the causal impact of education on health. Her revised estimates
(Lleras-Muney 2006) imply that an extra year of schooling lowers mortality risk at older ages by
nearly 70 percent, but the results are not robust to using different codings of the laws, to the
expansion of the sample, and to the use of state-specific cohort effects (Mazumder 2008).
Mazumder (2008), using compulsory schooling and child labor laws as an IV, finds robust
effects of education on older age chronic conditions such as diabetes, vision, hearing, speaking
ability, back problems, deformities, and senility. With the exception of diabetes, none of these
conditions are related to the ability of the better educated to make better use of new medical
technologies, leading Mazumder (2008) to conclude that compulsory schooling and child labor
laws are suspect instruments and are probably picking up the many public health initiatives
occurring in schools during the time period, such as smallpox vaccinations. Clark and Royer’s
(2013) study of changes in British compulsory schooling laws that increased the minimum



school leaving age from 14 to 15 in 1947 and from 15 to 16 in 1972 (both years unlikely to be
affected by public health initiatives) found that the reforms had no health effects and did not
affect smoking habits.

Using differences in school entry policies between California and Texas, McCrary and Royer
(2011) find that an extra year of education has little effect on either the birth weights or
prematurity effects of infants born in the 1990s and no effects on fertility. However, they find
some suggestive evidence that an extra year of education lowers the incidence of low birth
weight among blacks.

The causality may therefore run from health to education (Currie 2009) or both education and
health may be determined by a third factor such as time or risk preferences (Fuchs 1982).
Conti, Heckman, and Urzua (2011) explicitly model selection into education by those with high
cognitive and non-cognitive skills and health status at age 10. Examining health differences at
age 30 between those with more than compulsory schooling levels and those with compulsory
schooling levels, they estimate that the causal effect of education explains most differences in
smoking behavior but that education has a positive causal effect on other risky behaviors such
as cannabis use. Overall, education explains less than half of self-reported health differences
among men but more than half among women. A drawback to this approach is that the data
requirements inhibit studying health status at older ages.

Health and Productivity

Jack London claimed that he, “would turn out an amount of work in the course of the day that
would put to shame the amount he [the British laborer] turned out. So there are two sides to

it. The man with the high standard of living will always do more work and better than the man
with the low standard of living.” Height has been shown to be strongly associated with wages
and productivity in a variety of settings. Surveying the evidence from developing countries,
Schultz (2002) concludes that an additional centimeter of adult male height is significantly
associated with a higher wage of 1.5% in Ghana and 1.4% in Brazil. Historical data also shows
that height was associated with lower productivity in now-developed countries. Data from the
antebellum American South shows that height and weight were positively associated with slave
value, suggesting that better fed, healthier slaves were more productive (Margo and Steckel
1982). In the contemporary US, taller individuals also earn higher wages (Case and Paxson
2008), although the “height premium” is higher in developing countries than in the US (where
one more centimeter raises wages by 0.45%). However, this evidence does not purely reflect
the better physical health of taller individuals—improved conditions in childhood will often result
both in better health and cognitive abilities, even in developed countries (Case and Paxson
2008, Schick and Steckel 2012, Barham et al 2013).1° For example, early life health
interventions providing extra medical care in both Chile and Norway, two countries at very
different stages of development, led to higher academic achievement in school (Bharadwaj,
Laken, and Neilson 2013).

One of the implicit assumptions in the literature has been that in the US past, returns to height
were as high as they are in developing countries today, thus suggesting that improvements in
health account for a large fraction of productivity gains (e.g. Floud et al. 2011: 20-24; Costa and

16 An alternative explanation for the returns to height is that height is correlated with personal traits
conducive to worker productivity, such as emotional skills and extraversion. For example, if the tall
receive more investments and praise they become more optimistic and also have better communication
skills (e.g. Persico et al. 2004; Mobius and Rosenblatt 2006).



Steckel 1998). Controlling for education, estimates from developing countries report a
coefficient of height in centimeters on log wages of 0.008 in Columbia (Ribero and Nufiez 2000,
Table 5, Column 6), of 0.023 in Mexico (Vogl 2011, Table 2, Column 4, and Table 4, Column 1),
0.015 for Ghana and of 0.014 for Brazil (Schultz 2002). In contrast, similar specifications for
the US yield an estimate of 0.005 (Schultz 2002).

The available historical evidence suggests that returns to height in the United States circa the
mid-nineteenth century were very low and that they have risen over time. Bleakley et al.
(forthcoming) estimate that, for climbing the occupational ladder, the returns to height controlling
for education were at most 0.002 in the mid-nineteenth century, 0.001 circa WWII, and 0.004 by
the 1970s and 1980s. Even if the wage returns to height were twice the occupational ranking
returns (as was true circa 1980), the returns to height would be smaller than in maost developing
countries. A similar temporal increase is observed in the wealth returns to height (see the top
panel of Figure 15), though the wealth returns to height were mainly for farmers. At the same
time the returns to education to climbing the occupational ladder and to wealth have risen (see
the bottom panel of Figure 15). Bleakley et al. (forthcoming) estimated specifications for wealth
and for occupational ranking both with and without a control for education. Although in the
nineteenth century controlling for education did not affect the returns to height of climbing the
occupational ladder, controlling for education decreased the returns to height in the twentieth
century, suggesting that height effects are now operating more through educational effects.

The growing returns to height are consistent with Bleakley et al.’s (forthcoming) hypothesis of a
movement from a brawn to a brain based economy. In the nineteenth century, height may have
brought returns in the jobs requiring physical stamina such as coal, corn, or timber carrying, but
it was not sufficient for climbing the occupational ladder.

The returns to BMI are also different between developing countries and the US in the past. In
developing countries BMI is positively related to wages, perhaps because in developing
countries a higher BMI is associated with physical strength which is valued in manual labor
(Strauss and Thomas 1998). However, in the US BMI and occupational ranking were unrelated
among non-farmers for the Civil War cohort (see Table 9).1” BMI and occupational ranking
were positively related for the World War Il non-farm cohort, but each unit increase in BMI only
increased occupational ranking by 0.2%. Among more recent cohorts, once | controlled for
education, there was no relation between BMI and occupational ranking and it was negative
without controls for education. In contrast in the Cote d’'lvoire the OLS coefficient on BMI in a
log wage regression is 0.045 and in Ghana it is 0.053 (Schultz 2001).

In the evidence presented thus far on US returns to height and BMI the health measures
depend not just on malleable environmental factors but also on genetics and measurement
error. One strand of the literature (see the survey in Shultz 2001) has therefore focused on
using instrumental variables for health such as the local price of health inputs and access to
health care or community level investments in disease prevention and treatment to identify the
effects of the component of health due to environmental factors. Schultz (2002) finds that
relative to the OLS estimates the IV estimates of male wage returns to height in Ghana were 5
times greater and in Brazil were 3 times greater. Schultz (2001) was also able to estimate male
wage returns to BMI for Ghana and Cote d’lvoire and found that the 1V estimates were greater
than the OLS estimates. However, when the primary interest is in determining how the
relationship between height and productivity has changed and when no instruments are

17 Returns to BMI were negative among all men because farmers were the heaviest and also had a low
occupational ranking.



available for US heights over a century and half, reduced form estimates, estimated using
similar specifications and sample restrictions, can establish long-run trends.

An alternative strategy for estimating the returns to health, but limited to a single point in time,
has been to examine either early life exogenous shocks or the impact of exogenous health
interventions. By comparing the lighter and heavier twin, Black, Devereux and Salvanes (2007)
show that low birth weight has a causal effect on adult height, earnings, and education.
Almond’s (2006) study of the influenza pandemic of 1918 found that the sons of infected
mothers suffered an annual wage income loss of about 5-9% and that up to to half of the total
wage effect might be due to decreased educational attainment.'® Bleakley’s (2007) study of
the hookworm eradication program led him to conclude that hookworm infections through
childhood reduced adult wages by about 40%. Controlling directly for education did not
significantly change the estimated effect of hookworm treatment, but changes in literacy
suggested that effective deworming increased the productivity of time spent in school.
Bleakley’'s (2010b) study of malaria eradication in the US South and in Latin America implies
that persistent childhood malaria infection reduces adult income by around 50% with similar
estimates for all four countries studied even though income levels and institutions were very
different in the US, Mexico, Colombia, and Brazil. What we do not know is whether evidence
from disease shocks would reveal different or similar magnitudes in the nineteenth century
before formal education became more important as a channel of upward mobility.

Health and Fertility

In the short run, declines in child mortality will mechanically increase fertility. In the longer-run,
theoretical predictions of the relationship between health and fertility largely hinge on the child
guantity-quality tradeoff and thus on the effects of health changes on the prices of child quantity
and quality. Whether the price of child quantity or quality declines depends in turn on when in
the life cycle individuals are affected by health changes. Declines in infant mortality lower the
guantity price of children, though declines in scarring effects, by improving child cognition, also
lower the quality price of children. Improvements in child health and mortality could lower the
price of child quality by relaxing constraints on human capital investments. Increases in fertility
could result either from declines in infant mortality or from declines in maternal mortality among
women whose educational investments are already completed. Declines in fertility could result
either from improvements in child health or from declines in maternal mortality for women whose
education is not yet completed. In both cases the channel is education. As life expectancy
increases the returns to education rise. Even with no changes in life expectancy,
improvements in health, provided that health is complimentary with education, will lower the cost
of child quality.

Empirical evidence on the relationship between health and fertility is limited but consistent with
theoretical predictions. Hookworm eradication in the US South circa 1910 led to marked
decreases in fertility in treatment relative to control areas because this eradication relaxed the
constraint of investing in human capital (Bleakley and Lange 2009) . Lleras-Muney and
Jayachandra (2009) find that when the risk of dying in childbirth in Sri Lanka fell sharply
between 1946 and 1953, the propensity to have children increased during this time period.
Albanesi and Olivetti (2010) attribute the baby boom of the 1950s and the subsequent baby bust

18 Brown and Thomas’ (2013) re-examination of the influenza pandemic suggests that Almond’s strategy
of using adjacent cohorts as control groups in invalid because the children born during the WWI draft
were born to lower income fathers of large families. Controlling for parental characteristics Almond could
not observe in his data, they find no effect of the influenza pandemic. They speculate that parents can
mitigate the adverse effects of early life insults.



as in part a response to decreasing maternal mortality which led to an increase in fertility for the
cohorts whose education was complete and then a decline for cohorts whose education was not
yet complete.

Spending on Health

Clean water technologies and other public health expenditures that made the dramatic mortality
declines in cities possible were expensive. The value of the mean big city water system in 1915
was close to $300 million in 2003 US dollars (Cutler and Miller 2005). Chicago’s water system
was valued at $1027 million in 2003 US dollars (Ferrie and Troesken 2008). These
investments in public health infrastructure were a success that disproportionately benefited the
poor, including blacks and immigrants. Troesken’s (2004: 135) analysis of water filtration in US
cities finds that while both blacks and whites benefited in terms of disease reduction, blacks
benefited more than whites. Figure 11, which showed that within cities mortality rates in the
worse areas fell to reach the levels of the best areas, also provides suggestive evidence.
Additional suggestive evidence comes from finding larger reductions in mortality for cities with
more illiterate residents (Cutler and Miller 2005) and from the positive correlation between city
public health expenditures and the fraction of the population immigrant and black. Public health
programs targeted to rural areas, such as the Rockefeller’s foundation’s anti-hookworm
campaign, also disproportionately benefited the poor (Bleakley 2007).

The primary explanation for why US cities were willing to spend so much on mortality reductions
that disproportionately benefited the poor is that middle class and rich taxpayers might have
viewed public health investments as a type of insurance policy. When the vast majority of a
city’s employment was located in its downtown and the suburbs were not developed, the rich
and poor lived in closer physical proximity, allowing a public health shock in poor neighborhoods
to have a contagion effect on rich neighborhoods. When whites and blacks lived in close
proximity, failing to install water and sewer mains in black neighborhoods increased the risk of
diseases spreading from black neighborhoods to white ones, Blacks gained less from filtration
in segregated cities, suggesting that denial of service was more likely when disease spillovers
were lower (Troesken 2004: 10, 135). In San Francisco, where typhoid rates were the highest
in Chinatown, “[t}he Chinese were in the very center of the city, strategically located to infect the
rest of San Francisco with their diseases” (Craddock 2000: 135). Recognizing that this
community interacted with the native community through work in laundries or as cooks and
domestics outside of Chinatown, civic leaders took pro-active steps to invest in public health.

In contrast to the literature on clean water reforms in the United States, the public health
literature on these reforms in Europe has emphasized the political impediments to reform.
Szreter (1988) argued that in English cities, the new entrepreneurial class saw no reason to
spend on public health (specifically, on clean water) and that political reform, particularly the
limited political emancipation of working men, was necessary for sanitation and public health to
become a priority. Evans’ (1987) case study of the 1892 Hamburg cholera epidemic held the
mercantile classes responsible for delays in installing a sand-filtration system, an expenditure in
which they could see no benefit to themselves. He argued that they sanctioned their stinginess
with laissez-faire ideology and theories of the “miasmatic” origins of disease (which
hypothesized that epidemic disease was related to local soil and climatic conditions) and that
their desire to avoid trade disruptions led them to conceal the initial outbreak.

The economic history literature presents a more nuanced view on sanitary reforms. By the turn
of the twentieth century, German cities had become leaders in sanitary reforms. Typhoid
mortality rates in Germany were 1.2 times higher than in England and Wales in 1877 but by



1893 were equal and were lower until rates in England and Wales converged to those in
Germany. In 1912, 90% of German households in cities of 50,000 or more were connected to
a sewer compared to 75% of US households in comparably sized cities. But in most German
cities only the small minority of adult males who paid enough taxes and had legal residence
were eligible to vote (Brown 1989, 2000). Noting that in Germany, the United States, and in
England, the elite pushed for sanitary reforms, Brown (1989) argued that they were driven in
part by self-interest. Healthier workers were better workers; compensating wage differentials
were lower in a healthier work environment; and, faced with a slow-down in rural to urban
migration and a decline in urban fertility rates, employers feared a labor shortage. Opposition
came from small businesses and owners of rental properties because of the funding model. In
the US and Germany funding came from a one-time assessment of properties fronting sewers
and from annual charges on owners of buildings as well as general tax revenue. In the UK
funding in the first half of the nineteenth century came from assessments on home values with
the poorest properties exempt. Health expenditures were widely seen as benefiting both the
poor and factory owners (see also Brown 2000b; Smith 1979: 216-17; Wohl 1983, Ch. 4 and 7;
and Hassan 1985).

The development of a municipal bond which facilitated debt finance enabled both American and
British cities to make the necessary sanitary investments (Brown 1989; Cutler and Miller 2006).
Of course, it still could have taken time for cities to learn how to reduce mortality. Cleaning
sewage, water, and the milk supply, establishing disease reporting and quarantining systems,
disseminating health information to citizens, and ensuring that all babies and children have
medical exams and vaccinations required setting up new organizations and co-operation
between citizens, doctors, private philanthropists, and city public health departments.
Improvements in air quality in Pittsburgh were dependent on knowledge of smoke reduction, on
the availability of alternate fuel sources and on infrastructure spending, such as natural gas
pipes to homes (Tarr 2002; Tarr and Lamperes 1981). Time to build (or finance) meant that
the public health expenditures undertaken by US cities at the beginning of the twentieth century
were low relative to the value of lives saved under a range of estimates of the value of a life
(Costa and Kahn 2006; Cutler and Miller 2005).

By 1940 US cities had solved their sanitation problems and, beginning in the 1970s, the biggest
increases in life expectancy begin to come at older ages. Technological advances begin to
play a more important role. Seventy percent of the improvement in heart attack survival rates
between 1984 and 1998 came from technological improvements in care (Cutler and McClellan
2001). Technological change also played large roles in the survival and quality of life of low
birth weight babies, treatments for depression, cataracts, and cancer (Cutler and McClellan
2001). With the reunification of Germany, Eastern Germany experienced rapid improvements in
older age survival rates as technology that was trailing Western standards by 15-20 years was
quickly updated (Gjonca, Brockmann, and Maier 2000). Once blacks in the rural south obtained
legal access to the only nearby hospitals, previously restricted to whites, infant mortality rates
fell sharply between 1966 and 1975 because of hospital treatments for pneumonia and
gastroenteritis (AlImond, Chay, and Greenstone 2006).

In 1913, the United States was spending twice as much on hospitals and health as it was on
public poor relief and welfare (Lindert 2004). In contrast, in 1980 the United States was
spending three times as much on public poor relief and welfare as hospitals and health for the
poor. The well-to-do were not more generous about health spending in the past, they were
more self-interested because of fear of infectious disease. As chronic disease replaced
infectious disease, health care has become more of a private good and is not necessarily
viewed any differently from other types of welfare spending. The issues raised in the social



capital literature come to the fore: support for redistribution will be low when the group receiving
the transfers differs in race or ethnicity from the group paying for the transfers (e.g. Luttmer
2001;Alesina and Glaeser 2004; Poterba 1997). The public health literature has recognized
some of the political economy implications of health care becoming a private good, lamenting
that their own profession’s emphasis on the importance of individuals' responsibility for their
lifestyles and behavior was co-opted by the New Right’s agenda to reduce public services
(Szreter 2002).

Although the efficacy of medical care is not in doubt, evidence on the efficacy of programs
providing free or low cost medical care is mixed. Using age variation in Medicare coverage to
identify its effect, several researchers find, at best, very modest health benefits either from the
introduction of Medicare, both at the time of its introduction (Finkelstein and McKnight 2008) and
in more recent times (Card, Dobkin, and Maestas 2009).  Using both geographic variation and
variation in the timing of Medicare implementation in Southern counties, Finkelstein and
McKnight (2008) find modest effects of Medicare on elderly mortality, with a statistically
significant, but still substantively small, decline in nonwhite elderly pneumonia mortality rates.
They point out that at the time of Medicare's introduction, hospitals were primarily effective at
treating short term acute iliness, rather than chronic disease. Additional evidence comes from
the expansion of public health insurance to a random group of low-income, uninsured adults in
Oregon which led to a 25% increase in the probability that people report themselves in good to
excellent health and reduced depression rates by 30% but had no statistically significant effects
on measured blood pressure, cholesterol or glycated hemoglobin (a measure of diabetic blood
sugar control) two years after the implementation of the program. However, the program
increased the use of preventive care and thus may have longer term effects (Baiker et al. 2013).
Also, as long as hospitals provide free emergency care, the findings can only tell us about the
effects of free preventive care.

Evidence both from Medicare and from the Oregon health insurance experiment provide
suggestive evidence of the causal effects of poor health on income. The largest impact of the
Medicare program was to reduce elderly out of pocket expenditures. The largest effect of the
Oregon health insurance program was to eliminate out-of-pocket catastrophic medical
expenditures and reduce by more than 50% the probability of having to borrow money or skip
paying other bills because of medical expenses (Finkelstein et al. 2012).

Valuing Health

Health expenditures show up in the national income statistics as a cost but the benefits of health
are not counted. The discipline of economics “has fallen seriously behind the economy” (Fogel
1998). To catch up to the economy, researchers have sought both to construct better output
measures and prices for health goods and to quantify the value of improvements in health.
Better output measures and prices have been constructed for heart attack treatments (Cutler et
al. 1998), glaucoma treatments (Shapiro and Wilcox 1997), and cataracts surgery (Shapiro,
Shapiro, and Wilcox 2001) and these reveal that, accounting for quality, the price of treatments
has remained constant or fallen. Measurements of the value of improvements in health are
based on value of life calculations (e.g. Nordhaus 2003; Murphy and Topel 2006, 2003). Using
a constant value of life, these estimates show that while increases in longevity have been
valuable throughout the twentieth century, the early increases in longevity, when the decline in
infant mortality led to dramatic increases in life expectancy, are more valuable. Becker,
Philipson and Soares (2005) argue that because of declines in infant mortality in developing
countries there has been more convergence across nations than the income numbers would
suggest.



How soon will we reach diminishing returns to increases in longevity? The value of life rises
with increases in wealth and in wages. Costa and Kahn (2004) estimate an elasticity of value
of life with respect to per capita GNP of 1.5t0 1.7%. They calculate that the largest gains in
improvements in health occurred after 1960 when mortality declines were small compared to the
first half of the twentieth century because these mortality declines largely came at older ages.
How likely are mortality gains at older ages to continue? The cohort which will reach age 65 in
2020 was born in 1955 after the steep plunge in infant and child mortality and the literature on
scarring and early life factors suggests that this cohort may be particularly long-lived compared
to past cohorts. Mortality rates may not fall as steeply for the cohorts born after 1955 as for
earlier cohorts. The difference in early life conditions for cohorts born in 1955 instead of 1995
was not as stark as that for cohorts born in 1915 instead of 1955. For cohorts born after 1955
improvements in older age mortality rates will need to come from medical care or better health
habits or changes in the rate of senescence. Unless the rate of innovation in medical increases
the rate of reduction in future mortality improvements may not be as sharp as it has been in the
recent past. If mortality rates in OECD nations reach a plateau at older ages, as the literature
indicates is possible (e.g. Vaupel et al. 1998; Carey et al. 1992), then as long as we can change
the level of the plateau, investments in health at very old ages will not hit diminishing returns.

Hall and Jones (2007) conclude from their model that health care will consume 30% of GDP by
the middle of the twentieth century and argue that this is a good thing because it reflects
consumer preferences for better health over additional consumer goods such as cars. The big
issue is how to pay for health care and for medical innovation. Paying for innovation frequently
conflicts with a desire for wider health care coverage. Innovation is a public good which benefits
both rich and poor, even though the benefits accrue first to the rich, but incentives for innovation
depend on the structure of health care. Generous health insurance encourages the diffusion of
innovations once they are available, and in turn the development of new innovations (see the
review by Cutler 2002). But this innovation is expensive, leading to efforts to reduce health
insurance generosity by encouraging managed care or by reducing the tax benefits for
generous health insurance policies or to low pharmaceutical prices negotiated by national health
care systems. Creating the institutions necessary to maintaining increases in longevity may
thus be a challenge.

Conclusion

Looking from the mid-eighteenth century United States to the present over a variety of health
measures reveals a pattern of overall long-run improvements (driven in large part by scientific
advances against disease) but with reversals, most notably with the cohort born from the 1830s
to the 1880s and perhaps with the cohorts born beginning in the 1990s which have experienced
declines in birth weight. Whether increases in obesity will lead to a reversal remains unclear —
obesity at older ages no longer Kills though it still disables.

Changes in the distribution of health in the United States illuminate the roles of scientific
advances and their applications. Inequality in health by social class was low for the cohorts
born circa 1750, greater but still small for those born circa 1850, and wide for those born in the
early twentieth century before falling to reach a nadir circa 1950. Most of the benefits to
improving health in the twentieth century accrued to the poor. Fear of infection, combined with
the new found ability to raise money in the bond market, led to large investments in sanitary
infrastructure projects. Inequality widened again as new knowledge such as awareness of the
dangers of smoking and medical technologies have initially disproportionately benefited the



better educated before spreading to the less educated. However, without the fear of infection,
willingness to invest in the health of the poor may be less generous than in the past.

The productivity returns to improving health are bigger now than they were in the US past,
suggesting that the importance of health in the economy has grown. Because health and
cognition are linked and because the economy has become increasingly brain based, even
marginal improvements to health are of high value. Many of these improvements will need to
come from new medical technologies.

Long-run health trends have implications both for macro and micro models of health. The data
reveal that cohorts carry their own and their parents’ experiences with them as they age and
while this is not accounted for in traditional, static models of health (e.g. Grossman year) this is
being incorporated into dynamic models of health such as Heckman (2007) and Conti and
Heckman (2010) which model health in a way that is more recognizable to medical reseachers.
The long-run view also reveals that while there is no evidence that improving health leads to a
Malthusian trap, health increases are most effective in increasing economic growth in a brain
based economy with the institutions that enable individuals to put their health capital to
productive use by increasing their human capital.
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Table 1 BMI Distribution for White Men, Age 50-64

Union NHANESI, NHANES NHANES NHANES
Army I 1] 1999-2004  2005-2010
1900 (1970-80) (1988-94)
Underweight, BMI < 18.5 6.1% 1.2% 0.7% 0.5 1.2
Normal weight (omitted), 75.0 43.4 27.2 21.4 17.8
18.5<=BMI < 25.0
Overweight, 25.0 <= BMI < 15.8 43.4 45.1 42.6 42.8
30.0
Obese Class |, 30.0 <= BMI 2.6 10.0 21.6 23.0 24.4
<35.0
Obese Class Il, BMI >=35.0 0.5 2.6 55 12.5 13.8
Observations 8,315 2,263 1,155 737 894

Source: Author’s calculations. The first 3 columns are for men observed over 12 years.

NHANES weighted using sample weights.

Table 2 BMI and Mortality: Changing Relationship

White Men, Age 50-64, Observed for 12 Year Period

Union NHANES I, NHANES
Army Il "
1900 (1970-80)  (1988-94)
Hazard Hazard Hazard
Ratio Ratio Ratio
Underweight, BMI < 18.5 1.364*** 1.287 2.208
(0.086) (0.357) (2.696)
Normal weight (omitted), 18.5 <= BMI < 25.0
Overweight, 25.0 <= BMI < 30.0 1.233*** 0.961 0.907
(0.053) (0.093) (0.213)
Obese Class I, 30.0 <= BMI < 35.0 1.280*** 1.738** 1.047
(0.123) (0.226) (0.300)
Obese Class I, BMI >= 35.0 2.449%*x 1.648 1.863***
(0.457) (0.493) (0.024)
Observations 8,315 2,263 1,155

Source: Author’s calculations from a Cox proportional model. Standard errors in parentheses.
NHANES regressions control for present and past smoking status. All regressions control for

age.



Table 3 Mothers’ Health Conditions at Time of Birth, 1922-1988

1910-35 1910-35 1910-35 1959-74 1959-74 NMIHS NMIHS
NY Lying- JHU JHU CPP CPP 1988 1988
In, White  White Black White black White Black
Height (cm) 157.0 159.4 160.8 161.9 161.4 164.1 164.2
Signs of 5.1 5.6 135 0.0 0.0
Malnutrition/Rickets
At least one BLP
reading of
High Blood Pressure 31.8 29.8 14.4 12.2 155 12.2
Systolic > 140 or
Diastolic > 90
Severely High Blood 10.0 6.4 2.2 2.7 3.2 2.6
Pressure
Systolic > 160 or
Diastolic > 105
Hypertension but no 24.4 23.2 12.1 9.1 10.1 6.6
proteinuria
Preeclampsia 9.0 8.9 2.4 3.0 4.7 4.8
Syphilis 2.0 134 0.5 5.5 0.1 15

Source: Author’s calculations from the records of New York Lying-In, 1910-1935; Johns
Hopkins University (JHU), 1910-1935; the Collaborative Perinatal Project (CPP), 1959-1974,
and the National Maternal and Infant Health Survey (NMIHS), 1988. The height measurements
are given only for those age 18-45. Hypertension w/no proteinuria and preeclampsia do not

necessarily add up to hypertension because of missing information. Signs of

Rickets/Malnutrition: External conjugate diameter < 18 cm (NY Lying-In) or Conjugate diagonal
<11 cm. Blood pressure readings are more frequent in the CPP and the NMIHS, thus
potentially biasing the earlier estimates downward.

Table 4 Men’s Hypertension Prevalence Rates

Whites Blacks
Age WWII 1988-91 WWII 1988-91
18-19 16.9% 0.0% 18.2% 0.9%
20-24 20.7 3.0 22.6 55
25-29 26.0 4.2 28.6 10.0
30-34 29.8 11.2 31.9 12.5
35-37 32.6 11.1 33.9 15.6

Source: Compiled from the tables in Karpinos (1958).



Table 5 Chronic Conditions, Symptoms, and Signs Prevalence Rates for White Men

1900/10 1971- 1976-80 1988- 1999-2004

75 94
Age 50-64
Irregular Pulse 32.4 3.5 34 1.9 4.0
Murmur 27.9 2.6 3.7 1.9 15
Valvular HD 19.2 25 3.4 0.2
CHF 2.7 4.2 3.7 3.4
Arteriosclerosis 1.7 1.6 0.4 0.6
Adventitious Sounds 20.1 51 6.0 3.5
Decreased Breath 11.9 4.2 7.4 5.0
Joint problems 43.2 8.5 8.8
Back problems 39.2 22.0 24.9 34.3
Age 60-74

Irregular Pulse 43.7 7.1 8.4 7.8 9.7
Murmur 38.7 6.6 7.6 3.5 2.3
Valvular HD 26.9 2.6 5.5 1.2
CHF 8.9 9.5 5.6 7.0
Arteriosclerosis 9.2 1.6 1.6 2.7
Adventitious Sounds 29.1 7.9 10.5 4.0
Decreased Breath 15.4 12.9 11.6 7.3
Joint problems 55.0 9.1 12.3 13.1
Back problems 47.5 29.5 39.8 31.2

Source: Costa, Helmchen, and Wilson (2007).

Sample weights are used for the 1971-2004 samples, all of which are from NHANES. All
prevalence rates are physician reported with the exception of congestive heart failure (CHF) in
1988-94, which is self-reported, and of murmur, valvular heart disease (HD), and CHF in 1999-
2004, which are self-reported. Unlike earlier surveys, arteriosclerosis in 1999-2004 is not based
upon physician impressions but upon an ankle brachial pressure index in either the right or left
leg that was less than 0.7.



Table 6 Chronic Conditions, Symptoms, and Signs Prevalence Rates for Black Men

1900/10 1971- 1976-80 1988- 1999-2004

75 94
Age 50-64
Irregular Pulse 47.3 5.0 5.9 7.7 6.1
Murmur 36.9 5.6 6.4 3.6 3.0
Valvular HD 22.0 2.8 6.4 2.1
CHF 1.1 7.0 6.3 5.3
Arteriosclerosis 2.4 2.8 0.5 2.8
Adventitious Sounds 16.5 5.1 9.0 4.2
Decreased Breath 15.3 4,2 35 5.4
Joint problems 51.4 8.5 15.4
Back problems 47.5 22.0 20.7 27.2
Age 60-74

Irregular Pulse 60.4 7.7 4.3 10.1 15.5
Murmur 39.7 9.8 9.9 3.6 3.6
Valvular HD 26.0 3.4 9.3 1.5
CHF 47.4 9.7 7.8 4.5
Arteriosclerosis 16.0 4.2 2.8 7.0
Adventitious Sounds 20.3 11.6 10.4 3.9
Decreased Breath 22.6 3.3 10.1 8.8
Joint problems 60.7 2.5 10.6 14.0
Back problems 55.0 32.2 24.0 26.9

Source: Costa, Helmchen, and Wilson (2007).

Prevalence rates in 1900 are weighted by the geographic representation of the black population
in the four census regions in 1900. See the notes to Table 6 for additional details.

Table 7 Birth Weights by Socioeconomic Status

First Birth Higher

Order

1931 50 Ave, 3432 3588
full-term

Bellevue 3331 3536

1959-74 CPP, 3307 3354
private

CPP, 3336 3350
welfare

Source: Stewart (1943) and author’s calculations from the Collaborative Perinatal Project.
Restricted to full-term, “normal” births.



Table 8 Effect of Education on 12 Year Mortality Rates

Union NHANES NHANES NHANES
Army | (1971- Il "

1975) (1976-80)  (1988-94)
Hazard Hazard Hazard Hazard
Ratio Ratio Ratio Ratio

Without controls for smoking
Years Education 0.989 0.969***  0.956*** 0.948***
(0.025) (0.007) (0.010) (0.008)

With controls for ever and current smoker
Years Education 0.977* 0.965*** 0.964***
(0.013) (0.010) (0.009)

With controls for ever and current smoker
And years smoked 0.979**
Years Education (0.010)

Source: Bleakley et al. (forthcoming).

Hazard ratios are from Gompertz models examining 12-year mortality rates among Union Army
veterans age 55-74 in 1900 and men of the same age first observed in the NHANES surveys.
Additional controls for the Union Army sample are age in 1900, log of population in the city of
enlistment, an 1860 census dummy, and state of enlistment fixed effects. Additional controls
for NHANES are age at the time of the survey, a metro dummy, region of residence fixed effects
in NHANES | and Il, and state of residence fixed effects in NHANES Ill. Sample weights were
used for NHANES IIl.



Table 9: BMI and Log Occupational Score

Gould Sample of Union World War Il, Non-Farm NHANES 1 and 2

Army Soldiers, Non-Farm (1971-80)
BMI -0.003 -0.002 0.002*** 0.002*** -0.004* -0.001
(0.003) (0.003) (0.000) (0.000) (0.002) (0.002)
Grade completed 0.013*** 0.018*** 0.047***
(0.002) (0.000) (0.002)
Adjusted R- 0.011 0.027 0.044 0.132 0.006 0.193
squared
Observations 1,717 1,717 1,663,344 1,663,344 1,867 1,867

Source: Author’s calculations from the Gould sample (Costa 2004a), WWII enlistment records,
and NHANES 1 and 2. Additional controls are age (age dummies for the WWII data) and
dummy for city of enlistment of 50,000 or more (for the Gould sample), past and current smoker
(for NHANES), and state/country of birth dummies (for the WWII sample).



Figure 1: Male Life Expectancy in the US, 1722 -2010
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Source: Fogel (1986), Hacker (2010), and Vital Statistics data.



Figure 2: Heights for US Men Born 1710-1989

178
|

176
|

174
|

Whites

Height (cm)

172
|

-—

170
|

168

| | | | | | | | | | | | | | | |
1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Birth Year

Source: Bleakley et al. (forthcoming). This figure updates the white height series in Figure 2.1
in Costa and Steckel (1997), which in turn updated Fogel (1986), using the 1963-2010 NHIS
and adds a height series for blacks using Union Army records, published WWII heights, and the
NHIS. Year of birth is centered at the marks. Estimates using the NHIS were adjusted to
account for biases resulting from self-reporting in the NHIS.



Figure 1: Men’s BMI by Age Group in the US, 1864-2009
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Source: Author’s calculations from the Gould sample (Costa 2004a), the Union Army sample,
WWII enlistment records, and NHANES.



Figure 4: US Birth Weight Trends, 1850s-2008
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Source: Author’s calculations from Goldin and Margo’s (1989) Philadelphia Almshouse data,
Ward (1993: 148-149), the records of JHU (Costa 2004b), the records of NY Lying-In (Costa
1998), published National Vital Statistics Records (for 1950), and the NCHS’s 1968, 1978, 1998,
and 2008 Vital Statistics Natality Data.



Figure 5: Birth Weights by Parity
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Source: Author’s calculations from the records of New York Lying-In (Costa 1998), Johns
Hopkins (Costa 2004), and NCHS'’s 1968, 1978, 1998, and 2008 Vital Statistics Natality Data.



Figure 6: US Birth Weight Trends for First Births, 1850s-2008
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Figure 7 Male Life Expectancy at Age 10, United States, Sweden, and France
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Source: For the US, see the notes to Figure 1. Data for Sweden and France are from the
Human Mortality Database, http://www.mortality.org/ and are for period life expectancy.
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Figure 8 Men’s Heights, US, Sweden, Great Britain, the Netherlands, and France
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Source: For the US, see the notes to Figure 2. The data for Sweden, age 25-49 are from
Sandberg and Steckel (1987) and begin with the 1720-29 birth decade and end with the 1850-
59 birth decade. The second Swedish series (SW) is from two sources. The longest running
series, covering the 1820-1965 birth cohorts, is from Sandberg and Steckel (1997) and
measures men at age 21 (born 1820-97), age 20 (born 1898-1929), age 19 (born 1930-35), and
age 18 (born 1936-present). These age reductions coincide with declines in the age of
maturation. This series was augmented with Hatton and Bray’s (2010) series for 1968-1978.
The series for France is based on Weir (1997) for the cohorts born 1784-1902, on Drukker and
Tassenaar (1997) for the cohorts born 1902-1920, and on Hatton and Bray (2010) for the
cohorts born 1923-1978. The series for Great Britain was based on Floud et al. (1990: 142-
144) for the cohorts born 1743-1888 and Hatton and Bray (2010) for cohorts born 1893-1978.
The series for the Netherlands was based on Drukker and Tassenaar (1997) for cohorts born
1798-1920 and on Hatton and Bray (2010) for the cohorts born 1918-1978.



Figure 9: Infant and Child Mortality Trends by Socioeconomic Status
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Source: Haines (2010). Socioeconomic status is not consistently defined.



Figure 10 Infant Mortality by Social Class, England and Wales, 1895-2001
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The top panel shows infant mortality rates by father’'s occupation for Class | (upper and middle
class) and Class V (unskilled workmen). Class V in 1921 includes unskileld textile workers,
miners, and agricultural laborers. These were separate classes prior to 1921. The bottom
panel shows the ratio of infant survivorship for Class V to Class I. Sources: 1895-1911 from
Table 7.3 in Woods (2000: 264). 1921 from the Registrar General’'s Decennial Supplement,
1938. 1931-2001 from Table 4.3 in Floud et al. (2011: 150).



Figure 11: Trends in Disparities by Ward in the 6 Largest US Cities, 1900-1950
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Source: Floud et al. (2011: 328, Figure 6.3). The circles, triangles, and squares denote,
respectively, the maximum, mean, and minimum value of infant mortality rates among wards in
each city in a given year. The dashed and solid curves are lowess fit curves. This diagram
shows that between 1900 and 1950 more than 80 percent of the difference in the infant mortality
rate between the worst and best wards of the six large cities had disappeared.



Figure 12: The Educational Gradient in Birth Weight, Whites, 1969-2011.
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Source: Author’s calculations from the 1969-2011 NCHS Vital Statistics Natality Data. The
figure plots the coefficients on education levels (relative to less than high school) and the
confidence intervals (the dashed lines) from a regression of birth weight on educational levels
controlling for age, parity, sex of the child, and gestational weeks.



Figure 13: Weight in the First Weeks of Life
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Source: Bakwin and Bakwin (1931) and author’s calculations from the records of Johns
Hopkins University (JHU), 1910-19935 and the Collaborative Perinatal Project, CPP (1959-
1974).



Figure 14: The Relationship between Education, Height and BMI, White Native-Born Males
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Source: Tables 2 and 3 from Bleakley et al. (forthcoming) for height coefficients and author’'s
calculations for BMI coefficients using the Gould sample (Costa 2004a) , WWII enlistment
records, and NHANES. The coefficients are from regressions of years of education on height or
BMI, controlling for age or cohort, region of residence, metro area, and state or place of
residence.



Figure 15: The Relationship Between Height, Wealth and Occupational Ranking and BMI,
Wealth and Occupational Ranking, White Men
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Source: Tables 4, 5, and 6 in Bleakley et al. (forthcoming). The coefficients are from a
regression of wealth or occupational ranking on height and education controlling for age and/or
cohort, year of survey (when applicable), foreign birth, and region of residence.



